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Authority, the following Regulations are hereby made —

Citation 1. These Regulations may be cited as the Civil Aviation (Surveillance and
Collision Avoidance Systems) Regulations, 2022,
Interpretation 2, In these Regulations unless the context otherwise requires —-

“Airborne Collision Avoidance Systemn (ACAS)” means an aireraft

systerm based on secondary surveillance radar (SSR) transponder signals
which operates independently of ground-based equipment to provide
advice to the pilot on potential conflicting aircraft that arc cquipped

with SSR transponders;

“ACAS 1” means an ACAS which provides information an aid to “see and
avoid” action but does not include the capability for generating resolution

advisorics (RAs);



"ACAS II"” means an ACAS which provides vertical resolution advisories
(RAS) in addition to iraffic advisories (TAs);

“ACAS III” means an ACAS which provides vertical and horizontal resolution
advisories {RAs) in addition to traffic advisories {TAs);

“ACAS Lroadcast” means a long Mode S air-air surveillance interrogation
(UF = 16) with the broadcast address;

“active RAC (Resolution Advisory Compliments)” means an RAC cumently
constrains the selection of the RA,RACs that have been received within
the las( six seconds and have not been explicitly cancelled are active;

“active surveillance” means the process of tracking an intruder by using the
information gained from the replies to osvn ACAS interrogations;

“aircraft address” means a unique combination of 24 bits available for
assighment to an aircraft for the purpose of air-ground communications,
navigation and surveillance;

“air navigation services” mcans one or more of the following services
provided for air navigation —

(¢) air traffic services;

(6) Instrument Flight Procedure Design (IF’D) services;
(¢} Aeronautical Information services (AIS);

{d} aeronautical cartographic services;

(¢) aeronautical telecommunication services; or

(/) search and rescue services;

“Air Navigation Services Provider {ANSP)” means an entity established for
the purpose of providing one ox more of the air navigation services as
defined in these Regnlations;

“altitude crossing RA” means a resolution advisory is altitude  crossing if
own ACAS aircrafl is correatly at least 30m (100 ft) below or above the
threat aircraft for upward or downward sense advisories, respectively;

“approach angle” means the difference in the ground headings of  the two
aircraft af closest approach, with 180 degrees defined as head on and 0
degrees defined as parallel;

“Auntomatic Dependent Surveillance-Broadcast {ADS-B) OUT)” means a
function on an aiceraft or vehicle that pexviodically broadcasts its state
vector (posilion and velocity) and other information derived from on-
board systems in a format suitable for ADS-B IN capabie receivers;

“Automatic Dependent Surveillance-Broadcast {ADS-B) IN)” means a
function thaf receives surveillance data from ADS-BOUT data sources;

“Automatic Dependent Surveillance-Broadcast (ADS-B) IN)” means a
function that receives surveillance data from ADS-BOUT data sources;

“climb RA” means a positive RA recommending a climb but not an increased
climb;

“ciosest approach” means the occnrrence of minimum range between own
ACAS aireraft and the intruder. A range at closest approach is the smallest
range between the two aireraft and time of closest approach is the time
at which this occurs;

“collision avoidance logic” means the sub-sysiem or part of ACAS that
analyses data relating to an intruder and own aireraft, decides whether
advisories are appropriate and, if so, generates the advisories, and it
includes the following functions —

(@) range and altitude tracking;
(b (hreat detection and RA generation; and
(¢) it excludes surveillance;



“coordination” means the process by which two ACAS-equipped aircraft
select compatible Resolution Advisories (RAs) by the exchange of
Resolution Advisory Complements (RACs);

“coordination interrogation” means a Mode S Interrogation (uplink
transmission) radiated by ACAS II or III and containing a resolution
message;

“coordination reply” means a Mode S reply (downlink transmission)
acknowledging the receipt of a coordination intervogation by the Maode
S transponder that s part of an ACAS 11 or III installation;

“corrective RA” nteans a Resolution Advisory (RA) that advises the pilot to
deviate from the current flight path;

“crossing encounter” means an encounter in which the altitude separation
of the two aircraft exceeds 100 ft at the beginning and at the end of the
encounter window, and the relative vertical position of two aircraft at
the end of the encounter window is reversed from that at the beginning
of the encounter window,

“cycle” means one complete pass through the sequence of functions executed
by ACAS LI or ACAS III, nominally once a second;

“descend RA™ means a positive RA recommending a descent but not an
increased descent;

“established track” means a track generated by ACAS air-air surveillance
that is treated as the track of an actual aircraft;

“encounter” for the purposes of defining the performance of the collision
avoidance logic, an encounter consists of two simulated aircraft
trajectories, the horizontal coordinates of the aircraft represent the actual
position of the aircraft, but the vertical coordinate tepresents an altimeter
measurement of altitude;

“encounter class” mcans encounters classificd according to whether the
aircraft are transitioning at the beginning and end of the encounter
window, and whether or not the encounter is crossing;

“encounter window™ means the time interval [tca — 40 s, tca + 10 5;

“extended hybrid surveillance” means the process of using qualified ADS-B
airborne position messages via 1 090 MHz extended squitter without
validating | 090 extended squitter data for the frack by ACAS active
interrogations;

“Horizontal Miss Distance (HMD)"” means the minimum horizonta! sepatation
observed in an encounter;

“human factors principies” 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;,

“hybrid surveillance” means the process of using a combination of active
surveillance and passive suyveillance with validated data to update an
ACAS track in order to preserve ACAS independence;

“increascd ratc RA” means an RA with a strength that recommends increasing
the altitude rate to a value exceeding that recommended by a previous
climb or descend RA;

“infruder” means an SSR transponder-equipped aircraft within the surveillance
range of ACAS for which ACAS has an established track;



“MU” means a designator Message, Airborne Collision Avoidance System
in the message field or in short MU fieid;

“Multilateration (MLAT) System” means a group of equipiment configured
to provide position derived from the Secondary Surveillance Radar
(SSR) transponder signals (replies or squitters) primarily using Time
Difference of Atrrival (TDOA) techniques. Additional information,
including identification, can be extracted from the received signals;

“original trajectory” means the original trajectory of an ACAS-equipped
aircraft followed by the aircraft in the same encounter when it was not
ACAS equipped;

“original rate” means the original rate of an ACAS-equipped aircraft at any
time is its altitude rate at the same time when it followed the original
trajectory;

“own aircraft” means an aircraft —

(o) fitted with an ACAS that is the subject of the discourse;
{(») which an ACAS is fo protect against possible collisions; and
(¢) which may enter a maneuver in response to an ACAS indication;

“passive surveillance” means the process of fracking another aircraft without
interrogating it, by using the other aircraft’s extended squitters (ACAS
uses the information obtained via 1 090 MHz extended squitter to monitor
the need for active surveillance only. Passive surveillance applies to both
hybrid and extended hybrid surveillance);

“positive RA” means a Resolution Advisory that advises the pilot either to
climb or to descend (applies to ACAS II);

“potential threat” means an intruder deserving special attention either because
of its proximity to own aircraft or because successive range and altitude
measurements indicate that it could be on a collision or near-collision
course with own aircraft, and the warning time provided against a
potential threat is sufficiently small that a Traffic Advisory (TA) is
Jjustified but not so small that a RA would be justified;

“Radic Frequency (RF)’ means a measured unit called hertz (Hz), which
represent the number of cycles per second when a radio wave is
transitted from one point to the other;

“RA sense” means the sense of an ACAS II RA is “upward™ if it requires
climb or limitation of descent rate and “downward” if it requires descent
or limijtation of climb rate, and it can be both upward and downward
simultaneously if it requires limitation of the vertical rate to a specified
range;

“required rate” means for the standard pilot model, the required rate is that
closest to the original rate consistent with the RA;

“Resolution Advisory (RA)” means an indication given to the flight crew
recommending —

{a) amaneuver intended to provide separation from all threats; or
(b) a maneuver restriction intended to maintain existing separation;

“Resolution Advisory Complement (RAC)” means information provided
by one ACAS to another via a Mode S interrogation in order to ensure
complementary maneuvers by restricting the choice of maneuvers
available to the ACAS receiving the RAC;



“Resolution Advisory Complements record (RAC record)” means a composite
of all currently active vertical RACs (VRCs) and horizontal RACs
(HRCs) that have been received by ACAS. This information is provided
by one ACAS to another ACAS or to a Mede S ground station via a
Mode S reply;

“reversed sense RA” means an RA that has had its sense reversed;
“Secondary Surveillance Radar (SSR)” means a surveillance radar systemn
which uses transmitters/receivers (interrogators) and transponders;
“sensitivity level (S)” means an integer defining a set of parameters used by
the Traffic Advisory and collision avoidance algorithms to control the
warning time provided by the potential threat and threat detection logic,
as well as the values of parameters relevant to the RA selection logic;

“surveillance radar” means radar equipment used to determine the position
of an aircraft in range and azimuth;

“threat” means an intruder deserving special attention either because of
its proximity to own aircraft or because successive range and altitude
measurements indicate that it could be on a collision or near-collision
course with own aircraft, and the warning time provided against a threat
is sufficiently small that an RA is justified;

“Time Difference of Arrival (TDOA)” means the difference in relative time
that a transponder signal from the same aircraft (or ground vehicle) is
received at different receivers;

“Traffic Advisory (TA)” means an indication given to the flight crew that a
certain intruder is a potential threat;

“Traffic Information Service — Broadcast (TIS-B) IN)” means a surveillance
function that receives and processes surveiliance data from TIS-B OUT
data sources;

“Traffic Information Service — Broadcast (TIS-B) OUT)” means a function
on the ground that periodically broadcasts the surveillance information
made available by ground sensors in a format suitable for TIS-B IN
capable receivers;

“transitioning aircraft” means an aircraft having an average vertical rate with
a magnitude exceeding 400 feet per minute (ft/min), measured over
some period of interest;

“transponder occupancy” means a state of unavailability of the transponder
from the time it detects an incoming signal that appears fo cause some
action or from the time of a self-initiated transmission, to the time that
it is capable of replying to another interrogation;

“turn extent” means an aircraft’s ground heading at the end of a turn minus
its ground heading at the beginning of the turn;

“yalidation” means the process of verifying the relative position of an intruder
using passive information via 1 090 MHz extended squitter by comparing
it to the relative position obtained by Airborne Collision Avoidance
System active interrogation;

“Vertical Miss Distance (VMD)” means the minimum vertical separation
observed in encounter; and

“warning time” means the time interval between potential threat or threat
detection and closest approach when neither aircraft accelerates.

Application 3. These Regulations shall apply to a person providing surveillance services
within a designated air space and at an aerodrome.



PART Il — General requirements

4. The minimum requirements for planning, installation, commissioning,
training, operation and maintenance of the surveillance facility shall conform
to these Regulations.

5, (1) A person who wishes to operate a surveillance facility or system shall
apply in writing to the Authority for an approval of the surveillance facility or
system,

(2) The Authority may approve surveillance facility or system in a designated
airspace and aerodrome,

{3) A person shall not provide or operate a surveillance facility or system in
the designated airspace or aerodrome unless the surveillance facility or system
has been approved by the Authority,

(4) An Air Navigation Service Provider shall notify the Authority of his or
her intention to procure, install, use, decommission, upgrade or relocate any
surveitlance facility in the designaled airspace or acrodrome not less than 30
days prior to the date of procuring, installing, decommissioning, upgrading or
relocating such surveillance system,

(5) The Authority may approve installation, use, decommissioning,
upgrading or relocation of all surveiflance facilities in the designated airspace
and aerodromes.

6. (1) The Authority may carry out safcty inspcctions and audits on a
surveillance facility, document or record to determine compliance with these
Regulations,

(2) An inspector of the Authority shall have unrestricted access to a facility,
installation, record or document of an Air Navigation Service Provider to
determine compliance with these Regulations and required procedures.

7. An Air Navigation Service Provider shall before establishing any
surveillance equipment site, whether temporary or permanent cbtain approval
of the site from the Authority.

8. The fotlowing list classifies the type of facilities used for the provision of
aeronautical surveillance service —

{er) fligit data processing facility;

() flight information facility;

(¢) radar data processing facility;

(@) primary surveillance radar facility;

(e) secondary surveillance radar facility;

() surface movement radar facility;

(g) Multi-Lateration surveillance facility (Miat);

(h) precision rumway monitor facility;

() automatic dependent surveillance system faeility;

(/) uninterruptible and emergency power supply facility;

(k) essential service in a building and in equipment shelter housing facility

{electrical power supply, ai-conditioning, and sccurity facility); and

(f} data recording facility.

9. (1) AnAir Navigation Service Provider shall establish an overail operation
and maintenance plan for surveillance system which shall meet the safety,
operational requitement and performance specification of a surveillance facility.

(2) ‘The operation and maintenance plan in subregulation {£) shall include —

(¢) a procedure for the periodic inspection and testing of cach facitity to

verify that it meets tie specified operational and performance specifications;
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(b) details of flight test, such as the standards and procedures {o be used and
flight test interval, which shall be in compliance with guidelines in
International Civil Aviation Organisation Doc 8071 or any other
appropriate International Civil Authority Organisation document;

{c¢) the interval between periodic inspection and fight test and the basis for
that interval, and when the interval is changed, the reasons for such
change shall be documented;

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

(¢) an analysis of the rumber of personnel required to operate and maintain
each surveillance facility, taking into account the workload required;

{) thecorrective plan and procedures for cach surveillance facility, including
whether the repair of mgdules and components are undertaken in house
or by equipment manufacturers; and

(g) the spare support plan for each facility.

(3) AnAir Navigation Service Provider shall be responsible for the provision
of surveillance service and facility, to ensuge that the surveillance data necessary
for the safe, regular and efficient operation of air navigatien is accurate and
available,

(4) An Air Navigation Service Provider shall establish and document
performance measures to be achieved for each surveillance system in terms of
the following parameters —

{a) availability;

() reliability;

(¢) accuracy;

() availability

(¢) integrity;

(A Mean Time Between Failure (MTBF); and

(g) Mean Time to Repair (MTTE).

(5) The parameters in subregulation (4), shall be derived or measuved from —

(¢) the configuration of each service; or

(D) the known performance of each service.,

(6) An Air Navigation Service Provider shall, describe in the operations
manual the methed used to calculate cach of the values in subregulation (7).

(7) The integrity values or characteristics shall be given for each facility that
forms part of the surveillance service.

(8) An Air Navigation Setvice Provider shall ensure a surveillance facility
is connected to a power and a standby power supply, to ensure continuity of
operation appropriate to the service being provided.

10. (1) An Air Navigation Service Provider shall prevent any development
near a radio site that may have a potential to reflect or diffract surveillance
radio signals.

(2) AnAir Navigation Service Provider shall ensure that the foHowing radar
do nof reflect or diffract surveillance radio signals - -

(@) Primary Radar - Line of sight from the installation to surveillance areas
or volume shall be maintained. No obstruction shall penetrate the volume
above the radar platform for a distance of 4 600m from the installation
or prevent line-of-sight from the instaliation to aivcraft during the
approach phase and movements on tunways;



(b) Secondary Surveillance Radar ~ Line of sight from the installation to
surveillance areas or volume shall be maintained to a distance of 15km,
No obstruction shall penetrate the volume above the radar platform for
a distance of 4 600m from the installation or prevent line-of-sight from
the installation to aircraft during the approach phase and movenients on
runways;

(¢) Surface Movement Radar - Line-of-sight shall be maintained at ground
level from the radar to all areas within the aerodrome boundary where
any movement of aircraft, personnel or vehicles can occur;

(d) Multi Lateration (MLat) - Line of sight from the installation to
surveillance areas or volume shall be maintained. No obstruction shall
penetrate the volume above the surveillance platform for a distance of
4 600m from the installation or prevent line-of-sight from the installation
to aircraft during the approach phase and movements on runway; and

(e) Automatic Dependant Surveillance — Broadcast (ADS-B) Line of sight
from the installation to surveillance areas or volume shall be maintained,
No obstruction shall penetrate the volume above the Surveillance
platform for a distance of 4 600m from the installation or prevent line-of-
sight from the installation to aircraft during the approach phase and
movements on runways.

(3) AnAirNavigation Service Provider shall consult the Authority regarding
the non-use of designs or certain materials considered to be reflective or that
could cause attenuation of the signal, such as metal reinforced glass, metal
cladding, chain-link fencing, on elevations facing the surveillance installations
shall be undertaken.

11. An Air Navigation Service Provider shall establish a procedure for
the periodic inspection and testing of a surveillance system, to verify that
each facility meets the applicable operational requirements and performance
specifications for that facility.

12. An Air Navigation Service Provider shall —

{a) establish a procedure for retention and release of surveillance data;

(b) retain recording of surveillance for a period of at least 30 days; and

(¢) retainrecordings that are pertinent to an accident or incident investigations

for longer periods until it is evident that they will no longer be required.

13. (1) An Ajr Navigation Service Provider shall provide recording
equipment capable of automatic recording and replaying of surveillance data
from primary and secondary radar equipment or other surveillance systems used
as an aid to air traffic service.

(2) A recording equipment shall provide a complete, identified, intelligible
and accurate record of surveillance data to be recorded which may be used, in
the event of an incident or in any investigation, by the designated Authority.

(3) Arecorded surveillance data shall include targets, system settings, time,
alerts, alarms and any information necessary for investigation play back.,

(4) A replay equipment shall reconstruct the recorded data and shall,
accurately reproduce all the features that were displayed, including display
settings, at the relevant operational positions at the time of recording.
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PART Il — Secondary Surveillance Radar
(SSR)

14. When Secondary Surveillance Radar is installed and maintained in
operation as an aid to air traffic service, it shall conform to the provisions
specified in Schedule 1 of these Regulations, unless otherwise specified,

15. (1) An Air Navigation Service Provider shall carry out a test flight during
a system commissioning technical acceptance test.

(2) To assess performance, a test method shall comprise of the following
stages —

(a) data collection and observations;

(b) data analysis; and

{c) comparison of results,

(3) A manufacture shall measure the following parameters prior to a test in
subregulation (1), being carried out as part of planned maintenance —

(@) horizontal polar diagram;

(by vertical polar diagram;

{c) antenna gain; and

{d) azimuth squint and skew, that is, distortion of beam shape (squint) or

skew (direction) as function of frequency within the operating bandwidth
of the antenna.

(4) The results from the measurements in subregnlation (3), shall be made
available to the user.

16. An Air Navigation Service Provider shall continuously record radar
surveillance data supplied to the display system and establish procedures for
retention and utilisation of the recordings for analysis.

17. (1) AnAirNavigation Service Provider shall ensure that an interrogation
of air traffic services is performed on the modes specified in paragraph 1.1.1.4.3
and 1.1.2, set out in Schedule 1 and each mode shall be used as follows —

(@) Mode A - to elicit transponder replies for identity and surveillance;

(b) Mode C — to elicit transponder replies for aufematic pressure-altitude

transmission and surveillance;

(c) Intermode —

(iy Mode A/C/S all-call: to elicit replies for surveillance of Mode A/C
transponders and for the acquisition of Mode S transponders, and

(ii) Mode A/C-only all-call: to elicit replies for surveillance of Mode
AJC transponders. Mode S transponders do not reply, and

(d) Mode S —

(i) Mode S — only all-call: to elicit replies for acquisition of Mode S
transponders,
(ii) Broadcast: to transmit information to all Mode S transponders.
No replies are elicited, and
(iii) Selective: for surveillance of, and communication with, individual
Mode S transponders. For each interrogation, a reply is elicited
only from the transponder uniquely addressed by the interrogation,

(2) The Authority shall coordinate with appropriate national and international
authorities to ensure that implementation aspects of the SSR system which
permits the SSR sytem’s optimum use,

(3) The assignment of interrogator identifier codes in areas of overlapping
coverage, across international boundaries of flight information regions, shall
be the subject of regional air navigation agreements.



(4) The assignment of surveillance identifier codes in areas of overlapping
coverage, shall be the subject of regional air navigation agreements.

(5) Mode A and Mode C interrogations shall, be provided by intermode
interrogations which elicit Mode A and Mode C replies from Mode A/C
transponder.

(6) In areas where improved aircraft identification is necessary to enhance
the effectiveness of the air traffic control system, secondary surveillance radar
ground facility having Mode S features shall include aircraft identification
capability.

18. (1) A Side-lobe suppression shall be provided in accordance with
paragraphs 1.1.14 and 1.1.1.5 set out in Schedule 1 on all Mode A, Mode C
and inter-mode interrogations,

(2) ASide-lobe suppression shall be provided in accordance with paragraph
1.1.2.1.52.1 set out in Schedule | on all Mode S-only all-call interrogations.

19. (1) A transponder shall respond to Mode A interrogations in accordance
with paragraph 1.1.1.7.12.1 set out in the Schedule 1 and to Mode C intesrogations
in accordance with the paragraph 1.1.1.7.12.2. set out in Schedule 1.

(2) The pressure-altitude report contained in Mode S replies shall be as
specified in paragraph 1,1.1.7.12.2, set out in Schedule 1.

(3) Where the need for Mode C automatic pressure-altitude transmission
capability within a specified airspace has been determined, a transponder, when
used within the airspace concerned, shall respond to Mode C interrogation with
pressure-altitude encoding in the information pulses,

(4) A wansponder, regardless of the airspace in which it will be used, shall
respond to Mode C interrogations with pressure-altitude information,

(5) The pressure-altitude information provided by Mode S transponder in
response fo selective interrogations of an aircraft equipped with 7.62 m (25 ft.)
or better pressure-altitude sources, shall be reported in 7.62 m (25 ft) increments.

(6) A Mode A/C transponder shall report pressure-altitude encoded in the
information pulses in Mode C replies.

(7) A Mode S transponder shall report pressure-altitude encoded in the
information pulses in Mode C replies and in the AC field of Mode S replies.

(8) When a Mode S transponder is not receiving more pressure-altitude
information from a source with a quantisation of 7.62 m (25 ft) or better
increments, the reported value of the altitude shall be the value obtained by
expressing the measured value of the uncorrected pressure-altitude of the aircraft
in 30.48 m (100 ft) increments, and the Q bit shall be set 10 0,

(9) A transponder used within airspace where the need for Mode S airborne
capability has been determined, shall also respond to intermode and Mode S
interrogations in accordance with the paragraph 1.1.2. set out in Schedule !.

(10) The requirements for mandatory carriage of secondary surveillance
radar Mode S transponder shall —

{(a) be based on regional air navigation agreements; and

(b) specify the airspace and the airborne implementation timescales.

(11) The agreements indicated in subregulation (10) shall provide at least a
notice of five years.

20. (1) A transponder shall be capable of generating 4096 reply codes
conforming to the characteristics in accordance with paragraph 1.{.1.6.2. set
out in Schedule .
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(2) The Authority shall establish the procedures for the allotment of secondary
surveillance radar code in conformity with regional air navigation agreements,
considering other users of the system.

(3) The following Mode A codes shall be reserved for special purposes —

(@} Code 7700, to provide lor recognition of an aircralt in an cmergency,

() Code 7600, to provide for recognition of an aircraft with radio
communication failure; and

(¢) Code 7500, to provide for recognition of an aireraft which is being
subjected to unlawfu] interference.

(4) Provisions shall be made in ground decoding equipment, (o ensure

immediate recognition of Mode A codes 7500, 7600 and 7700.

{5) A Mode A code 0000 shall be reserved for aliocation subject to regional
agreement, as a general-purpose code.

(6) A Mode A code 2000 shall be reserved to provide recognition of an
aircraft which has not received any instructions from air {caffic controf units to
operate the transponder.

21. (1) AMode S transponder shall confori to one of the following five
levels —

{a@) Level 1 transponder shail have the capabilities determined for —

(i) Mode A identity and Mode C pressure-altitude reporting,
(ii) intermode and Mode S all-call transactions,
(iii) addressed surveillance altitude and identity transaction,
(iv) lockout protocols,
{v) basic data protocols except data link capability reporting, and
{vi) air-air service and squitter transactions;

(b) Level 2 transporders shall have capabilities determined in paragraph (@)
and those determined for —

(i) standard length communications (Comm-A and Comm-B}),
(ii) data link capability reporting, and
(iii) aircraft identification reporting; or

(¢} Level 3 transponders shall have capabilities contained in paragraph
(#) and also those determined for ground-to-air extended length message
communications;

(d) Level 4 transponders shall have capabilities contained in paragraph (¢) and
those determined for air-to-ground extended length message communications;
or

{e) Level S transponders shall have capabilities contained in paragraph ()
and those determined for enhanced Comm-B and extended length
message conununications

(2) An extended squitter transponder shall have the capabilities in
subregulation (1) (b), (¢), (d) or {e), and thosc capabilities determined for
extended squitter operation and ACAS cross-link operation,

(3) A transponder with capabilities referred to under subregulation (2) shall
be desipnated with a suffix “¢”.

(4) A transponder with the ability to process surveillance identifier codes
shall have the capabilities in subregulation (1) (@), (1), (¢), (d} or (e) and those
delermined for surveillance identifier code operation.

(5) A wansponder with capability referred to under subregulation (4) shall
be designated with a suffix “s”.



(6) A surveillance identifier code capability shall be provided in accordance
with subregulation (4) and (5) for a Mode S transponder installed on or after |
January 2003, and by all Mode S transponders by 1 January 20035,

(7) An extended squitter non-transponder device thal is capable of
broadcasting extended squitter that is not part of a Mode S transponder shall
conform to all the 1090 MHz RF signals in space requirements specified for a
Mode S transponder, except for transimit power tevels for the identified cquipment
class in reguiation 73,

(8) AMode S transponder used by international civil air traffic shall conform
to requirements of Level 2 in subregulation | ().

{9) AMode S transponder instalied on an aircraft with gross mass in excess
of 5 700 kg or a maximum cruising true airspeed capability in excess of 463
knvh {250 kt) shall operate with antenna diversity as provided for in paragraph
1.1.2.10.4 set out in Schedule 1;

Provided the aircraft individual certificate of airworthiness is first issued on
or after | January 1990, or 3 Mode S transponder carriage is required based on
regional air navigation agrecment in accordance with regulation 19(10) and (11).

22, (1) A capability reporting in a Mode S acquisition squitter unsolicited
downlink transmissions shall be provided in accordance with the paragraph
1.1.2.8.5.1 set out in Schedule 1 for all Mode S transponders installed on or
after 1 January 1995.

(2) A transponder equipped for extended squitter operation shall, have a
means (o disable acquisition squitter when cxtended squitter are being emitted.

23. A transponder manufactured before 1 January 1999 shall be permitted
to transmit a burst of |6 Extended Length Message segments at a minimum
pover level of 20 dBW, in order to facilitate the conversion of existing Mode
S transpondeys, to include a full Mode S capability.

24. A secondary surveillance radar Mode S address shall, be one of 16 777
214 twenty-four bit aircrafl addresses allocated by International Civil Aviation
Organisation to the state of registry or conmon mark registering authority and
assigned in accordance with paragraph 1.1.2.4.1.2,3.1.1. set out in Schedule 1.

25. (1) The manvfacture shall ensure that —

(@) human factors principles shall be observed in the design and certification
of surveillance radar and collision avoidance system;

(b) transpender controls which is not infended to be operated in flight shalt
not be directly accessible to the flight crew;

(¢} theoperation of (ransponder controls, intended for use during flight shail
be evaluated to ensure they are logical and (olerant to human error;

() unintentional transponder mode switching is mninimized where
transponder functions are infegrated with other system controls; and

(¢) the flight crew shall always have access to the information of the

operational state of the transponder.

PART IV — Airborne Collision Avoidance System

26. An Airborne Collision Avoidance System I shall perform the following
functions —
() surveillance of nearby secondary surveillance radar transpondetr-
equipped aireraft; and
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(b) provide indications to the flight crew identifying the approximate position

of nearby aircraft as an aid to visual acquisition.
27. The radio frequency characteristics of all Airborne Collision Avoidance
System I signal shall conform to provisions of paragraphs 1.1.1.1 to L.1,1.6,
and 1.£.2.1 and 1.1.2.4. set out in Schedule 1.
28, (1) The effective radiated power of an Airborne Collision Avoidance
System I transmission at 0-degree elcvation relative to the longitudinal axis of
the aircraft shall not exceed 24 dBW,
(2) When Airborne Collision Avoidance System I is not transmitting an
interrogation, the effcctive radiated power in any direction shall not cxceed
70 dBm.
(3) An Airborne Collision Avoidance System [ interrogator shall control its
interrogation rate and power or both in all secondary surveillance radar modes
to minimize interference cffects.
{4) An Airborne Collision Avoidance System 1 shall monitor the rate that
own transponder replies to inferrogations to ensure that subregulation (7} is
complied with.
{5) An Airborne Collision Avoidance System I shall count the number of
Airborne Collision Avoidance System I and Airborne Cellision Avoidance
System I1I interrogators in the vicinity to ensure that subregulations (7) or (8)
are complied with.
{6) An Airborne Collision Avoidance Systern I count in subregulation (5)
shall be —
{a) obtained by monitoring Airborne Collision Avoidance System broadeasts
(UF = 16); and

(&) updated as the aumber of distinet Airborne Collision Avoidance System
aircraft addresses received within the previous 20 seconds period at a
minimum frequency of at least | Hz,

(7) The interrogator power shall not exceed the limits defined in paragraph
1 set out in Schedule 2. '

(8) AnAirborne Collision Avoidance System I that uses Mode S interrogations
shall not cause greater interference effects than an Airborne Collision Avoidance
System I using Mode A/C interrogations only.

29, (1) AnAirborne Collision Avoidance System shall perform the following
functions —

(@) surveillance;

(b) generation of Traffic Advisories;

(c) threat detection;

(&) generation of Resolution Advisories;

(e) coordination; and

communication with ground stations.

(2) An Airborne Collision Avoidance System equipment shall perform
functions in subregulation (1) (b), (¢), (d), and (&) on each cycle of operation
and the duration of the eycle shall not exceed 1.2 seconds,

30. (1) An Aitborne Collision Avoidance System shall —

(@) interrogate SSR Mode A/C and Mode S transponders in other aircraft

and deteet the transponder replics;

(b) measure the range and relative beating of responding aircraft and using

these measurements and information conveyed by transponder replies;

(¢) estimate the relative positions of each responding aircraft; and



(¢) include provisions for achieving such position determination in the
presence of ground reflections, interference and variations in signal
strength,

(2} An Airborne Collision Avoidance System shall generate an established
track, with at least a 0.90 probability that the track is established 30 seconds
before closest approach, on aircraft equipped with transponders, when ail the
following conditions are satistied -—

() the elevation angles of these aircraft ave within +£10 degrees relative to

the Airborne Collision Avoidance System aireraft pitch plane;

(b) the magnitudes of these aircraft’s rates of change of altitnde are less than
or cqual 1o S /s (10 060 fi/min);

(c) the transponders and antennas of these aircraft meet the standards of
Part 1V of these Regulations;

(d) the closing speeds and directions of these aircraft, the local density of
SSR transponder-equipped aireraft and the number of other Airborne
Collision Avoidance System interrogators in the vicinity, as detertnined
by monitoring aitborne collision avotdance system broadcasts, satisfy
the conditions specified in Table 1-1 set out in Schedule 2; and

{e) the minimuwm slant range is equal to or greater than 300 m (1} 000 ft),

(3) Aa Airborne Collision Avoidance System shall continue to provide
surveillance with no abrupt degradation in track establishinent probability, as
any one of the condition bounds defined in Schedule 1.1.1 is exceeded.

(4) An Anborne Collision Avoidance System shall not track Mode S aircraft
that report that it is on the ground.

(3) An Airborne Collision Avoidance System shall achieve the required
tracking performance when —

{a) the average SSR Mode A/C asynchronous reply rate from a transponder

in the vicinity of the Airborne Collision Avoidance System atrcraft is
240 replies per second; and

(b) the peak interrogation rate received by an individual transponder under
surveillance is S00 per second.

(6) The probability that an established Mode A/C track does not correspond
in ronge and altitude, if reported to an actual aircraft, shall be less than 10-2,
and for an established Mode S track this probability shall be less than 10-6:

Provided that these limits are not exceeded in any traffic environment,

(7) The range shall be measured with a resolution of 14.5 m (/128 NM)
or better,

(8) The crrors in the relative bearings of the estimated paositions of intruders
shall not exceed 10 degrees rms.

(9} The effective radiated pawer of an Airborne Collision Avoidance Systein
transmission at O-degree clevation relative to the longitudinal axis of the aircraft
shall not exceed 27 dBW.

(10) When Airborne Collision Avoidance System is not transmitting an
interrogation, the effective radiated power in any direction shall not exceed
70 dBm.

(11) An Airborne Collision Avoidance Systein interrogator operating below
a pressure-aititude of 5 490 m (18 000 ft) shall contro) its interrogation rate or
power to conform with the following specific inequalities —
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(ay Airborne Collision Avoidance System shall count the number of other
Alirborne Collision Avoidance System II and III interrogators in the
vicinity to ensure (hat the interference limits ave met, and this count shall
be abtained by monitoring Airborne Collision Avaidance System
broadcasts (UF = 16}, and cach Aitborne Collision Avoidance System
shail monitor such broadcast interrogations to determine the number of
other Airborne Collision Avoidance System within detection range; and

(b) Airborne Collision Avoidance System shall adjust its interrogation rate
and interrogation power such that the following inequalities remain true,
except as provided in Schedule 2 —

(i) all an-to-air coordination intetrogations shall, be transmitted at full
power and these interrogations shall be excluded from the
summations of Mode S interrogations in the Jeft-hand terms of
inequalities (1) and (2) in Schedule 2 for the dwation of the RA,

(i) when the Airborne Collision Avoidance System aircraft indicates
that if is on the ground, Airborne Collision Avoidance Systern
interrogations shall be limited by setting the number of other
Airborne Collision Avoidance System I and I1I aircraft (1) count
in the interference limiting inequalities to a value that is three times
the vaiue obtained based on Airborne Collision Avoidance System
broadcasts received with a transponder receiver theeshoid of
~74 dBm, and when a Mode A/C interrogation powey is reduced
because of interference ltimiting, the Mode A/C interrogation power
in the forward beam shall be reduced first until the forward
sequence matches the right and left sequences, and the forward,
right and left interrogation powers shall then sequentially be
reduced until they match the rear interrogation power, and further
reduction of Mode A/C power shall be accomplished by
sequentially reducing the forward, side and rear interrogation
poswers, and

(iii) when iransmissions from Airhorne Collision Avoidance System
units above 5 490 m (18 000 ft) altitude, and each Airborne
Collision Avoidance System interrogator operating above a
pressure-altitude of 5 490 m (18 G00 {t) shall control its
futerrogation rate or power or both such that inequalities (1) and
(3) in Schedule 2 remain true when n_and o are equal fo §, except
as provided in subregulation 10 (b) (i).

31. (1) An Airborne Collision Avoidance System shall provide Traffic
advisories to alett the flight crew to potential threats.

(2) The Traffic advisories in subregulation (1) shall be accompanied by an
indication of the approximate relative position of potential threats to facilitate
visual acquisition,

(3} When a potential threat is shown on a traffic display, it shall be displayed
in amber or yellow.

(4) When any Resolution Advisory or Iraffic Advisory is displayed,
proximate traffic within 11 km (6 NM) range and, if altitude reporting, +370 m
(1 200 f1) altitude shail be displayed.

{5) The proximate traffic in subreguiation (4) shall be distinguished by
color or symbol type from threats and potential threats, which shall be more
prominently displayed,



(6) When any Resolution Advisory or Traffic Advisory is displayed, visual
acquisition of the threat or potential threat shall not be adversely affected by
the display of proximate traffic or other data uneelated to collision aveidance.

{7) The criteria for a Traffic Advisory shall be satisfied before that of a
Resolution Advisory,

(8) The minimum Traffic advisory warning time for intruders reporting
altitude shall not be 20 seconds greater than the minimum warning time for the
generation of the resolution advisory,

32. (1) An Airborne Collision Avoidance Systein shall evaluate appropriate
characteristics of each infruder to determine whether it is a threat,

{2) The minimum characteristics of an intruder that are used to identify a
threat shall include —

fa) tracked altitude;

(b) tracked rate of change of altitude;

{¢) tracked slant range;

() tracked rate of change of slant range; and

(e) sensitivity level of intruder’s Airborne Collision Avoidance System, Sf,

(3) For an intruder not equipped with Airborne Collision Avoidance Systemn
I or Airborne Ceilision Avoidance System III, Surveillance Identifier shall be
setto [,

(4) The minimum characteristics of own aircraft that is used to identify a
threat shall include —

{¢) alitude;

(b) rate of change of altitude; and

(¢) sensitivity level of own Airborne Collision Avoidance System.

(5) AnAirborne Coliision Avoidance Systen shall be capable of operating
at a number of sensitivity fevels, and these shall include —

{@) S=1,a"standby” mode in which the interrogation of other aircraft and

all advisories arc inhibited;

{6) 8=2,a“TA only” mode in which RAs are inhibited; and

{c) S§=3-7,further levels that enable the issue of RAs that provide the warning

times indicated in Table 2.2 set out Schedule 2 as well as TAs.

(6) The selection of own Airborne Collision Avoidance System sensitivity
level shall be determined by Sensitivity Level Control commands which shatl
be accepted from follawing sources —

{@) SLCcommund generated automatically by Airborne Collision Avoidance

System based on altitude band or other external factors;

(b) SLC command from pilot input; and

{c) SLC command from Mode S ground stations.

(7} The acceptable SLC command codes shall include —

Coding
fa) for SLC based on altitude band 2-7
{by for SLC from pilot input 0,12
(¢) for SLC from Mode S ground siations 0,2-6.

(8) Where an Airborne Collision Avoidance System selects an SLC comimand
based on altitude, hysteresis shall be applied to the nominal altitude thresholds
which SLC command valuc changes ae required as follows —

(ay for a climbing Airborne Collision Avoidance System aircraft, the SLC

command shall be increased at the appropriate altitude threshold plus
the hysteresis value; and
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(b) for a descending Airborne Collision Avoidance System aircraft, the
SLC command shall be decreased at the appropriate altitude threshold
minus fthe hysteresis value.

(9) An SLC comuand set by the pilot at the value 0 shall, indicate the
selection of the “automatic” mode for which the SLC shall be based on the
other commands.

{10) For a SI.C commands transmiited via a Mode S ground station, the value
0 shall indicate that the station concerned is not issywing a SLC command and
that an SLC shall be based on the other commands, including non-0 commands
from other Mode § ground station, and the Airborne Collision Avoidance System
shall not process an uplinked SLC value of 1.

(11} ATS authorities shall ensure that procedures are in place to inform pilots
of any ATS sclected SLC command code other than 0.

{12} An Airborne Collision Avoidance System sensitivity level shall be set
to the smallest non-0 SLC command received trom any of the sources listed in
subregulations (5) to (11).

(13} When the sensitivity level of own Airborne Collision Avoidance System
is three or greater, the parameter values used for RA generation that depend on
sensitivity level, shail be based on the greater of the sensifivity level of own
Airborne Collision Avoidance System, and the sensitivity level of the intruder’s
Airbormne Colliston Avoidance System, Si,

(14) The parameter values used for Traffic advisory generation that depend
on sensitivity fevel shall be selected on the same basis as those for RAs (1.4)
cxcept, when an SLC command with a value of 2, “TA only” mode, has been
received from either the pilot or a Mode S ground station, In this case, the
parameter values for TA generation shall retain the values they would have had
in the absence of the SLC command from the pilot or Made S ground siation.

33, (1) An Airhorne Collision Avoidance System shall generate an RA for
all threats except, where —

(@) itisnotpossible to select an RA that can be predicted to provide adequate
scparation because of uncertainty in the diagnosis of the intruder’s flight
path; or

(b) there is a high risk that a maneuver by the threat will negate the RA.,

(2) All threats that are shown con a traffic display shall be displayed in red.

(3) Once an RA has been generated against a threat, it shall be maintained or
modified until tests that are less stringent than those for threat detection indicate
on two consecutive cycles that the RA may be cancelled, at which time it shall
be cancelled.

{4) An Airborne Collision Avotdance System shall generate the RA —

(@) that is predicted, to provide adequate separation from all threats;

(b) thathas the least effect on the current flight path of the Airborne Collision

Avoidance System aircraft; and

(c) consistent with other provisions in these Regulations.

(5) An RA shall not recommend or continue to recommend a mancuver or
marenver restriction that, considering the range of probable threat trajectories,
is more likely to reduce separation than increase it.

{6) A new Airborne Collision Avoidance System installations made after |
January 2014 shall monitor owa aircraft’s vertical rate to verify compliance
with the RA sense.

(7} An Airborne Collision Avoidance System shall —



(ery stop assuming compliance where non-compliance is detected and shall

assume the observed vertical rate;

(b) becompliant with the requirement in parageaph («) and subregulation (6);

(c) comply with the requirements set out in subreguiation (6) and paragraph

{a); and

(d) generate an RA consistent with the performance capability of the aircraft.

{8) A descend RA shall not be generated or maintained when own aircraft is
below 300 m (1 000 ft) above ground level,

{9 AnAirborne Collision Avoidance System shall not operate in sensitivity
levels 3-7 when own aireraft is below 300 m (1 000 6} above ground level,

(10) AnAirborne Collision Avoidance System shall not reverse the senss of
an RA from one cycle to the next, except as permitted in subregulation (1) to
ensure coordination or when the predicted separation at closest approach for
the existing sense is inadequate.

(I1) Where an RA Component received from an equipped threat is
incompatible with the current RA sense, an Airborne Collision Avoidance System
shall moedify the RA sense to conform with the received RAC if own aircraft
address is higher in value than that of the threat,

(12) AnAirbore Collision Avoidance System shall not modify an RA sense,
in a way that makes the RA sense incompatible with an RAC received from an
equipped threat if own aircraft address is higher in value than that of the threat,

(13) Subject to the requirement that a descend RA is not generated at low
altitnde, an RA shall, not be modified if the time 1o closest approach is too shorl
to achieve a significant response or if the threat is diverging in range.

{14) An RA shall not be weakened if it is likely that it would subsequently
need to be strengthened.

{15) When an RAC is received from a thrcat before the Airborne Collision
Avoidance System generates an RAC for that threat, the RA generated shall be
compatible with the RAC:

Provided that such an RA is more likely to reduce separation than increase
it and own aircraft address is lower in value than that of the threat.

(16) The RA sense, strength and attributes on each cycles of an RA, shall
be encoded in the active RA subfield, and when the active RA subfield has not
been refreshed for an interval of 6 seconds, it shall be set to 0, along with the
MTE subfickl in the same message.

(17) The system delay from receipt of the relevant SSR reply to presentation
of an RA sense and strength to tite pilot shall be short and shall not exceed 1.5
scconds,

3. (1) An Aitborne Collision Avoidance System shall, in a multi-aircraft
situation, coordinate with each equipped threat individually.

(2) An Airborne Collision Avoidance System shall prevent simultaneous
access to stored data by concurrent processes, during resolution message
processing.

(3) An Airborne Collision Avoidance System cycle shall transmit a
coordination interrogation to each equipped threat, unless generation of an RA
is delayed because it is not possible to select an RA that can be predicted to
provide adequate separation.

{4} When an RAC has been received from a threat before Airborne Collision
Avoidance System selects an RAC for that threat, the selected RAC shalf be
compatible wiih the reccived RAC unless —

Cuoordination and
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(a) no more than three cycles have elapsed since the RAC was received;

{b) the RAC is altitude-crossing; and

{¢) own aircraft address is lower in value than that of the threat, in which

casc Airborne Collision Avoidance System shall select its RA
independently.

{5) Where an RAC received from an equipped threat is incompatible with
the RAC sclected by Airborne Collision Avoidance System for that threat, the
Airborne Collision Avoidance System shall modify the selected RAC fo be
compatible with the received RAC if own aucraft address is higher in value
than that of the threat.

{6) An Airborne Collision Avoidance System shall, within the cycle during
which an intruder ceases to be a reason for maintaining the RA, send aresolution
message to that intruder by means of a coordination interrogation.

{7) A resolution message sent under subregulation (6) shall include the
cancellation code for the last RAC sent to that intruder while it was a reason
for maintaining the RA.

(8) An Airborne Collision Avoidance System coordination interrogation
shall be transmitted until a coordination reply is received from the threat, up to
a minimuim of six and not more than 12 attempts.

(9) The successive interrogations in subregulation (7) shall be nominally
equally spaced over a period of 100 £5 ms.

(10) An Airborne Collision Avoidance System shall continue its regular
processing sequence when the maximum number of attempts are made, and no
reply is received.

(11) AnAirborne Collision Avoidance System shall provide parity protection
for all fields in the coordination interrogalion that convey RAC information.

(12) When an Airborne Collision Avoidance System reverses its sense
against an equipped threat, the resolution message that is sent on the current
and subsequent cycles to that threat shall contain both the newly selected RAC
and the cancellation code for the RAC sent before the reversal.

(13) When a vertical RA is selected, the vertical RAC (VRC) that the own
Airborne Collision Avoidance System includes in a resolution message to the
threat shall be as foltows —

(@) “donotpass above” when the RA is intended to provide separation above

the threat; and

(b “do not pass below” when the RA is intended to provide separation

below the threat.

(14) Resolution messages shall be processed in the order in which they are
received, and with delay limited to that required to prevent possible concurrent
access to stored data and delays due to the processing of previously received
resolution messages. '

(15) Resolution messages that are being deiayed shall be temporarily queued
to prevent possible loss of messages,

(16) The processing of a resolution message shall include decoding the
message and updating the appropriate data strictores with the information
exfracted from the message. .

(17) An RAC or an RAC cancellation received from another Airborne
Collision Avoidance System shall be rejected if the encoded sense bits indicate
the existence of a parity error or if undefined value is detected in the resolution
message.



(18) An RAC or an RAC cancellation received without parity errors and
without undefined resolution message values shall be consideved valid.

(i9) A valid RAC received from another Airborne Collision Avoidance
System shall be stored or be used (o update the previously stored RAC
cotresponding to that Airborne Collision Avoidance System.

{20y A valid RAC cancellation shall cause the previously stored RAC to be
deleted.

(21) Astored RAC that has not been updated for an interval of six seconds
shall be deleted.

(22) A valid RAC or RAC cancellation received from another Airborne
Collision Avoidance System shall be used to update the RAC record.

(23) When a bit in a RAC record has not been refreshed for an interval of
six seconds by any threat, that bit shall be set to zero.

(24) When an Airborne Collision Avoidance System RA exists, the Airborne
Collision Avoidance System shall —

(a) transfer to its Mode S transponder an RA report for transmission to the

ground in a Comni-B reply; and

(&) transmiit periodic RA broadcasts.

(25) An Airborne Collision Avoidance System shall store S1.C commands
from Mode § ground stations.

(26) AnSLC conunand received from a Mode S ground station shall, remain
effective until replaced by an SLC command from the same ground station as
indicated by the site number contained in the IIS subfield of the interrogation.

(27) When an existing stored SLC command from a Mode S ground station
is not refreshed within four minutes, or when the SI.C command received has
the value 1S, the stored SLC command for that Mode S ground station shall
be set to 0.

35. (1) Where an Airborne Collision Avoidance System RA exists, the
Airborne Collision Avoidance System shall —

{a) transfer to its Maode S transponder an RA report for transmission to the

ground in a Comm-B reply; and

(b) transmit periodic RA broadeasts.

(2) An Airborne Collision Avoidance System shall store SLC commands
from Mode S ground stations.

(3) An SLC command received from a Mode S ground station shall remain
effective until replaced by an SLC command from the same ground station as
indicated by the site number contained in the IIS subfield of the interrogation.

(4) Where an existing stored comumand from a Mode S ground station is not
refreshed within four minutes, or if the SLC command received has the value
15 the stored SLC command for that Mode S ground station shall be set to zero,

36. (1) An Airborne Collision Avoidance System shall transfer data to its
Mode §, and shall transfer —

(@) RA information to its Mode S transponder for transmission in an RA

report and in a coordination reply;

{7 current sensitivity level to its Mode S transponder for transmission in a

sensitivity level report; and

{c) capability information to its Mode S transponder for transmission in a

data link capability report.

(2) A Mode S transponder shall transfer data to its Airborne Collision
Avoidance System, and the Airborne Collision Avoidance System shall receive
from its Mode S ransponder —
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{a) sensitivity level control commmands transmitted by Mode S ground
stations;

(b) Airborne Collision Avoidance System broadcast messages transmitted
by other Airborne Collision Avoidance System; and

(¢) resolution messages transiitted by other Airborne Collision Aveidance
System for air-air coordination purposes.

37. (1) AnAirborne Collision Avoidance System shall use the Mode C-only
all-call interrogation for surveillance of aireraft equipped with Made A/C
transponders.

(2) A surveillance interrogation shall use a sequence of interrogations
with increasing power surveillance being preceded by an Sl-pulse to reduce
interference and improve Maode A/C target detection.

(3) An Airborne Collision Avoidance System shall monitor 1 090 MHz for
Mode S acquisition squitters {DF = 11).

(4) An Airborne Collision Avotdance System shall detect the presence
and determine the address of Mode S-equipped aircraft using their Mode S
acquisition squitters (DI’ = 11) or extended squitter (DF = 17),

(5) On first receipt of a 24-bit aircraft address from an aircraft that is
determined to be within the reliable surveillance range of ACAS based on
reception, reliability and that is within an altitade band 3 850 m (10 000 ft)
above and below own aireraft, an Airborne Collision Avoidance System shall
transmit a short air-air interrogation (UF = 0} for range acquisition.

(6) A surveillance interrogation shall be —

(a) transmitted ai Icast once cvery five cycles when the altitude condition

in subregulation (5) is satisfied,

(b) transmitted with each cycle, if the range of the detected aircraft is less
than 5.6 km (3 NM) or the calcuniated time to closest approach is less
than 60 seconds:

Provided both the detected and own aireraft proceed from their
cutrent positions with unaccelerated motion and that the range af closest
approach cquals 5.6 km (3 NM); and

(¢) suspended for a period of five cycles if —

(i) areply was successfully received,

(ii) own aircraft and intruder aircraft are operating below a pressure-
aititude of 5 490 m (18 000 ft), and

(iii) the range of the detected aircraft is greater than 5.6 km (3 NM)
and the calculated time to closest approach exceeds €0 seconds:

Provided that both the detected and own aircraft proceed

from their cwrrent positions with wnaccelerated motion and that
the range at closest approach equals 5.6 km (3 NM).

(7) An Airborne Collision Avoidance System shall use the short air-air
surveillance format (UF = () for range acquisition and set AQ = | and RL.=0
in an acquisition intesrogation.

(8) An Airborne Collision Avoidance System shall use the short air-air
surveillanee format (UF = 0) with RL = 0 and AQ =0 for tracking interrogations.

(9) A surveillance replies protocol shall be as described in subregulation
47 (1).

(10} An Airberne Collision Avoidance System broadcast shall be made
nominally every eight to 10 seconds at full power from the top antenna.



(11) An instaliation using directional antennas shall operate in such manner
that a complete circular coverage is provided nominally every eight to 10
scconds,

(12) An Airborne Cotlision Avoidance System shall, transmit UF = 16
interrogations, with AQ =0 and RL = 1 when another aircraft reporting Rl = 3
or 4 is declared a threat.

(13) The MU field shall contain the resolution message in the subfields
specified paragraph 7.2 set out in Schedule 2.

(14) Acoordination reply protocol shall be as described in regulation 47 (2).

(15) An RA report to Mode S ground station protocol shall be as described
in regulation 48 (1) and (2).

(16} The RA broadcasts shall, be transmitied at full power from the bottom
antenna at jittered, nominally eight seconds intervals for the period that the RA
is indicated.

(17) The RA broadcast shall include the MU field as specified in paragraph
7.2.4 set out in Schedule 2.

(18) The RA broadcast shall describe the most recent RA that existed during
the preceding eight seconds period,

(19) Installations using directional antennas shall operate such that a
complete circular coverage is provided nominally every eight seconds and the
same RA sense and strength is broadcast in each divection.

(20) The data link capability report protocols shall be as described in
regulation 48 (3).

(21} An Airborne Collision Avoidance System shall act upon an SI.C
command, when TMS has the value 0 and DI is either one or seven in the same
interrogation.

38. (13 The RF characteristics of all Airborne Collision Avoidance System
signals shall conform to the standards in paragraphs 1.1.1.1t0 1.1.1.6;, 1.1.2.1,
1.1.2.3,1.1.2.5 and 1.1.2.8 set out in Schedule 1.

(2) The data encoding of all Airborne Collision Avoidance System signals
shall corform to the standards in paragraph [.1.2.3 set out in Schedule [.

39, (1) The air-air surveiliance and communication formats which are used
by Airborae Collision Avoidance System shall, conform to those as set out in
Figure 2-1 of the Schedule 2,

(3) The significance of the coding of the dowalink request, air-air reply
information fields shall be as contained it paragraph S set out in Schedule 2.

4. An Airborne Collision Avoidance System fields and sub-fields shall be
defined in paragraph 6 set ouf in Schedule 2.

41. (1) An Airborne Collision Avoidance System shall be provided with
interfaces, the following input data shall be provided to us the minimum —

{¢) aircraft address code;

(&) air-air and ground-air Mode S transmissions received by the Mode S

transponder for use by Airtborne Collision Avoidance Systen;

{c) own aircraft’s maximum cruising true airspeed capability;

{d) pressure-altitude; and

(e} radio altitude,

(2) An Airborne Collision Avoidance System shall tcansinit interrogations
and receive replies via two antennas, one mounted on the top of the aircraft and
the other on the bottom of the aircraft.
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(3) The top-mounted antenna shall be divcctional and capable of being used
for divection finding.

(4) AnAirborne Collision Avoidance System polarisation transmission shall
be nominally vertical.

{5) The radiation pattern in elevation of an antenna when installed on an
aircraft shall, be nominally equivalent to that of a quarter-wave monopole on
a ground plane.

42. (1) An Airborne Collision Avoidance System shall be capable of receiving
squitters through the top and bottom antennas.

(2) An Airborne Collision Avoidance System interrogation shall not be
transmitted simultaneously on both antennas.

(3) The altitude data for an aircraft provided to Airborne Collision Avoidance
System shall be obtained from the source that provides the basis for osvn Mode C
or Made S reports and they shall be provided at the finest gnantisation available.

{4) A source providing a resolution finer than 7,62 m (25 ft) shal be used.

(5) Where a source providing a resolution finer than 7.62 m (25 f1) is not
available, and the only altitude data available for owa aircraft is Gilham encoded,
at least two indcpendent sources shall be used and compared continuously in
order to detect encoding exrors.

(6) Thwo altitude data sources shall be used and compared in order to detect
crrors beforc provision to an Airborne Collision Avoidance System.

(7) When the comparison of two altitude data sources indicates that one of
the sources is in error, the provisions of regulation 43 (3) shall apply.

43, (1) AnAirborne Collision Avoidance System shall, continuously perform
a monitoring function in order to provide a warning, when any of the following
conditions are satisfied —

(@) there is no interrogation power limiting due to mterference control and
the maximum radiated power is reduced to less than that necessary to
satisfy the surveillance requitements; or

(b) any other failure in the equipment is detected which results in a reduced
capability of providing TAs or RAs; or

(¢) data from external sources indispensable for an Airborne Collision
Avoidance System operation arc not provided, or the data provided arc
not credible

(2) An Airborne Collision Avoidanee System monitoring function shali, not
adverscly affect other Airborne Collision Avoidance Systern functions.

(3) When the Airborne Collision Avoidance System monttoring function
detects a faiture, Airborne Collision Avoidance Systent shall —

{a) indicate to the flight crew that an abnormal condition exists;

(b} prevent any further Airborne Collision Avoidance System interrogations;

and

(¢) cause any Mode S transmission containing own aircraft’s resolution
capability to indicate that Airborne Collision Avoidance System is not
operating,

44, (i} The Mode S transponder shall meet the nominal capabilities as defined

paragraph 1,1 set out in Schedule 1.

(2) The Mode S transponder used in conjunction with an Airborne Collision

Avoidance System shall have the following capabilities —



(¢} ability to handle the following formats

Format No. Formaf namne
UF=16 Long aic-air surveillance interrogation
DF =16 Long air-air surveillance reply;

(b) ability to receive long Mode S interrogations (UF = 16) and generate
long Mode S replies (DF = [6) at a continuous rate of [6.6 ms (60 per

second);

(¢) means for delivering the Airborne Collision Avoidance System data
content of all accepted interrogations-addrcssed 1o the Airborne Collision

Aveidance System equipment;
(dy antenna diversity;
(¢) mutual suppression capability; and
(H inactive state transponder output power restriction,

(3) When a Mode S transponder transmitter is in the inactive state, the peak
pulse power at | 090 MHz +3 MHz at the le:mma]s of the Mode § tmmpondcx

antenna shall not exceed -70 dBm.

45. (I) A Mode S transponder shall receive from its Airborne Collision

Avoidance System —

(@} RA information for transmission in an RA report and in a coordination

reply;

(B} acurrent sensitivity level for transmission in a sensitivity level report;
(¢) capability information for transmission in a data link capability report
and for transmission in the RI field of ah-air downlink formats DF =0

and DF = 16; or

(¢) an indication that RAs are enabled or inhibited for transmission in the

RI ficld of dowalink formats zero and 16.

46, The Made S transponder shall transfer ta its Airborne Collision Avoidance

System —

(¢) received sensitivity level controi commands transmitted by Mode S

stations;

(b) received Airborne Collision Avoidance System broadcast messages

transinitted by other Airborne Collision Avoidance Systems;

(¢} received resohution messages transmitted by other Airborne Collision

Avoidance Systems for air-air coordination purposes; or

(¢) ownaircraft’s Mode A identity data for transmission in an RA broadcast.
47, (1) The Airborne Collision Avoidance System Mode S transponder shall
vse the short (DF = 0) or long (DFF = 16) surveillance formats toreply to Alvborne

Collision Avoidance System surveillance inlerrogations,
(2) The surveillance reply in subregulation (1) shall include —-

(@) VS field as specified in parageaph 1.1,2.8.2 set out in Schedule [;
(&) RIfield as specified paragraph 1.1.2.8.2 sct oul in %hcduh.l ami

paragraph 5.1,2 set out in Schedule 2; and
(¢) SL field as specified in paragraph 8.2.5 set out in Schedule 2,

(3) An Airborne Collision Avoidance System Mode S transponder shall
transmit a coordination reply upon receipt of a coordination interrogation from

an equipped threat subject to the conditions of subregulation (3),
(4) The coordination reply in subregulation (2) shall use the —
(@) long air-air surveillance reply format, DF = 16;

{h) VS fiell as specified in paragraph 1.1.2.8.2 set out in Schedule 1;
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{c) RIfield as specified in paragraph 1.1.2.8.2 set out in Schedule 1, and as
specified paragraph 5.1.2 set out in Schedule 2;

(d) SLfield as specified in paragraph 8.2.5 set out in Schedule 2; and

(e) MV ficld as specified in as specified in paragraph 8.2.5.4 set out in
Schedule 2.

{5) Coordination replies shall be transmitted even when the minimum reply
rate limits of the transponder are exceeded.

{6) AnAirborne Collision Avoidance System Mode 8 fransponder shall reply
with a coordination reply to a coordinaticn interrogation received from another
Airborne Collision Avoidance System:

Provided the transponder can deliver the Airborne Collision Avoidance
System data content of the interrogation to its associated Airborne Collision
Avoidance System.

48. (1) An Airborne Collision Avoidance Systern Mode S transponder shall,
during an RA and for 181 scconds following the end of the RA, indicate that it
has an RA report by setting the appropriatc DR field code in replies to a Mode
S sensor as specified in paragraph 5.1.1. set out in Schednle 2.

(2) The RA report in subregulation (1) shall —

{a) include the MB fields specificd in paragraph 6.2.1 set out in Schedule
2; and

{h) describe the most recent RA that existed during the preceding 181 s
period.

(3} AMode S transponder shall indicate the presence of its Airborne Collision
Avoidance System to a ground station in the Mode S data link capability report.

49. (1) An indication to the flight crew shall distinguish between preventive
and corrective RAs.

(2) When Airborne Collision Avoidance System generates an altitude crossing
RA, a specific indication shall be given to the flight crew that it is crossing.

50. The performance requirements of the Airborne Collision Avoidance
System 1T collision avoidance logic shall be as specified in paragraph 7 sct out
in Schedule 2.

51. (1) The following assumed conditions shall apply to the performance

requirements specified in regulations 62 and 63 —

(@) range and bearing measurements and an altitude report are available
for the intruder each cycle provided it is within 14 NM, but not when
the range exceeds 14 NM;

(b) the errors in the range and bearing measurements conform to standard
range and bearing error models;

(c) the intruder’s altitude reponts, which are its Mode C replies, are expressed
in 100 ft quanta;

(d) an altitude measurcment that has not been quantized and is expressed
with a precision of 1 ft or better is available for own aircraft;

(e) ecrrors in the altitude measurements for both aircraft are constant
throughout any particular encounter;

(f) the etrors in the altitude measnrements for both aircratt conform to a
standard altimetry error model;

(g) the pilot responses to RAs conform to a standard pilot model;

(J1) the aircraft operate in an airspace in which close encounters, including
those in which Airborne Collision Aveidance System generates an RA,
conform to a standard encounter model; and



()

Airbore Collision Avoidance System-equipped aircraft are not limited
in their ability to perform the maneuvers required by their RAs.

{2) The collision avoidance logic performance shall -

(@)

)

not degrade abruptly as the statistical distribution of the aititude errors
or the statistical distributions of the various parameters that characterise
the standard encounter model or the response of pilot to the advisories
are vatied; and

when surveillance reports are not available on every cycle or when the
quantisation of the allitude measurements for the intruder is varied or
the altitude measurements for own aircraft are quantized.

52. The simulated range measurements errors shall, be taken from a normal
distribution with mean 0 ft and standard deviation 50 ft.

53. The simulated bearing measurement erors shall, be taken from a normal
distribution with mean 0.0 degrees and standard deviation 10.0 degrees.

54, A standard altimetry error model shall be defined in paragraph 7 as set
out Schedule 2.

58,

A standard pilot model used in the assessment of the performance of a

collision avoidance logic shall be that —

(@)
(b}

()

(d)

(&)

(¢}

()

{n

any RA is complied with by accelerating to the required rate, if necessary,
after an appropriate delay;

when the aircraft’s current rate is the same as its original rate and the
original rate complies with the RA, the aircraft continues at its original
rate, which is not necessarily constant due to the possibility of
acceleration in the original trajectory;

when the aircraft is complying with the RA, its corrent rate is the same as
the original ralc and when the original rate changes and consequently
becorr::s inconsistent with the RA, the aircraft continues to comply with
the RA;

when an initial RA requires a change in altitude rate, the aircraft responds
with an acceleration of 0.25 g after a delay of five seconds from the
display of the RA;

when an RA is modified and the original rate complies with the modified
RA, the aircraft retwrns to its original rate, if necessary, with the
acceleration specified in paragraph (g) after the delay specified in
paragraph (i),

when an RA is modificd and the original rate docs not comply with the
modificd RA, the aircraft responds to comply with the RA with the
acceleration specified in paragraph (g) after the delay specified in
paragraph (1),

the acccleration vsed when an RA is modified is 0.25 g unless the
modified RA is a reversed sense RA or an increased rate RA in which
case the acceleration is 0.35 g;

the delay used when an RA is modified is 2.5 seconds unless this results
in the acceleration starting earlier than five seconds from the initial RA
in which case the acceleration starts five seconds from the initial RA;
and

when an RA is cancelled, the aircraft returns to its original rate (if
necessary) with an acceleration of 0.25 g after a delay of 2.5 seconds.
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56. (1) In order to catculate (he effcet of an Airborne Collision Avoidance
System on the risk of collision and the compatibility of an Airborne Collision
Avoidance System with Air Traffic Management, set of encounters shall be
reated for each of the foflowing —

(a) the two aircraft address orderings;

(b) the six altitude layers;

{c) 19 encounter classes; and

{d) nine or 10 VMD bins as specified in paragraph 94.3 set ont in Schedule 2.

(2) The sets results in subreguiation (1) shall be combined using the relative
weightings given in regulation 57.

(3) Each set of encounters shall contain at least 500 independent, randomly
generated eacounters.

{(4) The two aircraft trajectories in an encounser shall be constructed with the
following randomly selected characteristics —

(¢} inthe vertical plane —

(i) avmd from within the appropriate vmd bin,
(if) a vertical rate for each aircraft at the heginning of the encounter
window, 21, and at the end of the encounter window, 72,
(iii) a vertical acceleration,
(iv) a start time for the vertical acceleration, and
{b) in the horizontal plane —
(i) an hmd,
(ii) an approach angle,
(iii) a speed for each aircraft at closest approach,
(iv) adecision for each aircraft whether or not it turns,
{v} the turn extent; the bank angle; and the turn end time,
{vi} adecision for each aircraft whether its speed changes, and
{(vii} the magnitude of the speed change.

{5) Two models shall be used for statistical distribution of limd, and for
calculations for the effect of an Airborne Collision Avoidance System on the risk
of collision, hmd shall be constrained to be less than 500 ft, and for compatibility
of an Airborne Collision Avoidance System with ATM, HMD shali be selected
from a larger range of valucs,

57. Encounter classes and weights shall be as contained in paragraph 8.3 set
out in Schedule 2.

58, The characteristics of the aircraft trajectories in the vertical plane shall
be in accordance with paragraph 9.4 set out in Schedule 2,

59, The characteristics of the aircraft trajectories in the horizontal plane shall
be in accordance with paragraph 9.5 set out in Schedule 2.

69, The performance requirements set out in regulations 62 and 63 shall,each
apply to three distinet situations in which the following conditions concerning
an intruder’s Airborne Collision Avoidance System and trajectory shall apply —

(¢} where an intruder Airborne Collision Avoidance System invelved in
cach encounter is not equipped, it follows a trajectory identical to that
which it follows when own aircraft is not equipped; or



{h) swhere an intruder is Airborne Collision Avoidance System-equipped but
follows a trajectory identical fo that in the unequipped encounter —
(1} il follows the identical trajectory regardless of whether or not there
is an RA,
(i) the intruder Airborne Collision Avoidance System generates an
RA and transmits an RAC that is received immediately after any
RA Is first announced to the pilot of own aircraft,

(iii) the senise of the RAC generated by the intruder Airborne Collision
Avoidance Systen and transmitted to own aiteraft is opposite to the
sense of the first RAC selected and transmitted to the intruder by
own aircraft,

(iv) the RAC transimitted by the infruder is received by own aircraft,
and

(v) therequirements apply both when own aitcraft has the lower aircraft
address and when the intruder aivcraf( has the lower aircraft address,
ar

{c} where an intruder is equipped with an Airborne Collision Avoidance
System having a collision avoidance logic identical to that of own
Airborne Collision Avoidance System —

(i) theconditions relating to the performance of own aircraft, Airborne
Collision Aveidance System and pilot apply equally to the intruder
aircraft, Airborne Collision Avoidance System and pilot,

(iiy RACs transmitted by one aircraft are received by the other, and

(iii) therequirements apply both when own aireraft has the lower aircraft
address and when the intruder aircraft has the lower aircraft address.,

61. The Authority shall, when considering alternative collision avoidance
logic designs verify that —

(@) the performances of the alternative design are acceptable in encounters
invelving Airborne Collision Avoidance System vnits that use existing
designs; and

(b) the performances of the exisiing designs are not degraded vsing the
alternative design,

62. Subject to regulation 51, a coilision avoidance logic shall be that, the
expected number of collisions is reduced to the number expected in the absence
of an Airborne Collision Avoidance System —

(a1) when the intruder is not equipped with Airborne Collision Avoidance

System, 0.18;

(b) when the intruder is equipped with Airborne Collision Avoidance System
but does not respond, 0,32; and

(¢) when the intrunder is equipped with Airborne Cellision Avoidance System
and responds, 0,04.

63. (1) The collision avoidance logic shall, be that the proportion of RAs

which are a nunisance shall not exceed —

(a) 06 when own aircraft’s vertical rate at the time the RA is first issued is
tess than 400 ft/min; of

(6) .08 when own aircraft’s vertical rale at (he time the RA is first issued
exceeds 400 ft/min. '

{2) For purposes of subregulation (1), an RA shall, be considered a nuisance,
unless during an encounter in the absesnce of Airborne Collision Avoidance
System, the horizontal scparation and the vertical sepatation are simultancousty
less than the values specified in accordance with paragraph {0.f set out in
Schedule 2.
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Compatibie 64. Subject to regulation 50, the collision avoidance logic shall be that the
sense selection  yranortion of encounters in which, following the RA results in an altitude
separation at closest approach with the opposite sign to that occurring in the
absence of Airborne Collision Avoidance System not exceed the following
values —
(@) when au intruder is not Airborne Collision Avoidance System equipped
0.08;
() when an intiuder is Airborne Collision Avoidance System and is equipped
but does not respond 0.08; or
{¢) whenanintruder is Airborne Collision Aveidance System equipped and
responds 0.12,

Deviations 65. Subject taregulation 42, the collision avoidance logic shall be the number

caused by of RAs resulting in deviations greater than the values indicated and shall not

ACAS exceed the proportions of the total number of RAs as contained in accordance
with paragraph 10.2 set out in Schedule 2.

Relative value 66. The collision avoidance logic shall, be to reduce as much as practicable

of conflicting  the risk of collision and limit the disruption to ATM,

objectives

ACAS hybrid 67. (1) AnAirborne Collision Avoidance System equipped to receive extended

surveillance — gquitier airborne position messages, for passive surveillance of non-threatening

:‘;3:3 :r";';ﬁcign intruders shall, utilise the passive information as set out in regulations 68, 69,

data 70, and 72 (2) to (4).

{2) An Airborne Collision Avoidance System using cxtended hybrid
surveillance mode shall establish a track so that no interrogations are performed
when the following conditions are met —

(a) own aircraft position data meets the following minimum level of quality —

(i) own aircraft horizontal position uncertainty (95 per cent) is < 0.1
NM, and

(iiy own aircraft horizontal position integrity shall be such that the
probability of an undetected position error, which is greater than
0.6 NM radius, is less than 1 x 107,

(b) the received signal strength is equal or less than -68 dBm +/-2 dB
(extended hybrid surveillance minimum triggering level), or own aircraft
is operating on the surfacc;

(c) the intruder data quality meets the following minimum requirements —

(i) the ADS-B version number = 2,

(ii) the reported NIC = 6 { < 0.6 NM),
(iii) the reported NACp =7 (< 0.1 NM),
(iv) the reported SIL =3,

(v) the reported SDA =2 or 3, and
(vi) the barometric altitude is valid, and

(d) the system shall not use ADS-rebroadcast {ADS-R) and TIS-B data to
passively acquire an aircraft.

(3) A track maintained under extended hybrid surveillance mode shall
transition to a track maintained under active surveillance mode, if the range
and altitude of hybrid threat criteria are satisfied.

(4) A track under cxlended hybrid surveillance mode shall transition to a
track under hybrid surveillance mode if -—

(@) the signal indicates a high probability to be in proximity, that is, signal
> Extended Hybrid Surveillance MTL, except when operating on the
airport surface; or



(@) intruder data or own data quality does not meet minimum requirements.
68. (1) AnAirborne Collision Avoidance System shall validate the position
of an intruder reparted by extended squitter, by determining the relative range
and relative bearing as computed from the position and geographical heading
of own aircraft and the intruder’s position as reported in the extended squitter.
(2) Subject to subregulation (1}, the range, relative bearing and the altitude
reported in the squitter shall, be compared to the range, relative bearing and
attitude determine by active Airborne Collision Avoidance System interrogations.
(3) The extended squitter data validity shall be determined by the difference
between the derived, measured range, and relative bearing, and the squitter and
reply altitude shall be computed and used as threat provided in regulation 55.

(4) When any of the validation tests provided under subreguiation (3} fail,
active surveillance shall be used to rack the intruder.

69. (1) Anintruder’s track shail be updated at least as frequently as required
in the absence of an cxtended squitter data,

(2) When a track is updated using squitter information the time at which an
active inlerrogation would be nexl required shalt be calculated.

(3) An active interrogation shall be made at that time, if a further squitter
has net been received before the intetrogation is due.

70, (1) An intruder shall be tracked under active surveillance if it is a near
threat, as determined by separate tests done once per second on the range and
altitude of the aircraft.

(2) The tests in subregulation (1) shall consider an intruder as a near threat
before it becomes a potential threat, and trigger a traffic advisory as provided
under regulation 51.

71. (1) When an aircraft is being tracked using passive surveillance,
periodic active interrogations shall be performed to validate and monitor the
extended squitter data as set out in regulation 53 and shall be perforimed for
each inlerrogation,

(2) The rates of revatidation shall be once per minute for a non-threat and
once per 10 seconds for a near threat,

72, (1) When the following condition are met for a track being updated via
passive surveillance data the aiveraft shall be declared an active track and shall
be updated on the active range measurcments once per second for as long as
the list {«) to (¢} below condition are et~

B i< 10000 1t aad botb;

by §F <3000 fhorfa- 30008 /}4]| < 60s;and
¢} rE<3INMor{r-3NM}/|¢| = 6Ds;
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#= jutruder stent rangs in NM
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(2) A near threat, potential threat or threat shall be tracked using active
surveillance.

(3) A track under active surveillance shall fransition to passive surveiliance
if it is not a near threat, potential threat or a threat.

(4) The tests used to determine whether a frack is no longer a near threat shall,
be similar to those used in regufation §S but with larger thresholds in order to
have hysteresis which prevents the possibility of frequent transitions between
active and passive surveitlance.
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ACAS operation 73, An Airborne Collision Avoidance System operating with a receiver
withanimproved  having a mininmum triggering leve! more sensitive than--74 dBm shali implement

tecetver the following specified capabilities —
Tr]im':rl;]rr Dual minimum triggering levels:
]_effl (M%L) {a) the Airborne Collision Avoidance System receiver shall, be capable of

setting an indication for each squitter reception whether the reply would
have been detected by an Airborne Caollision Avoidance System operating
with a conventional MTI. (=74 d{Bm); or

(b) squitter receptions received at the conventional MTL shall, be passed
to the Airborne Collision Avoidance System surveiltance function for
further processing, and squit{er receptions that do not meet this condition
shall not be passed to the Airborne Collision Avoidance System
surveillance function;

Bual or re-triggerable reply processor the Airborne Collision Avotdance

System Mode S reply processing function shall —
(a) usc separate reply processors for Made S reply formats received at or
~ above the conventional MTL and a separate reply processor for Mode

S reply formats received below the conventional M'TL, or

(b) use a Mode S reply processor that will re-trigger if it detects a Mode S
preamble that is 2 to 3 dB stronger than the reply that is currently being
processed.

PART V — Mode § ixtended Squitter

Automatic - 74, (1) Anaircraft, surface vehicles and fixed obstacles supporting a (ADS)-B
Dependence capability shall incorporate the (ADS)-B message generation function and the
ngg‘”;“wt (ADS)-B message exchange function (transmit) as depicted in Figure 3-1 and
Eeq“il,)‘;mc‘::s 3-2 set out in Schedule 3.

(2) An (ADS)-B transmission from aireraft shall include position, aireraft
identification and type, airborne velocity, and event driven messages including
emergency or priotity information.

(3) Ancxtended squitter ransmitting equipment shall use the latest versions
available of formats and protocols.

(4) A Mode S extended squitter transmitting equipment shall be classified
according fo the unit’s range capability and the set of parameters, that it can
transmit consistent with the following definition of general equipment classes
and the specific equipment classes defined in accordance with Tables 3-1 set
out in Schedule 3 —

(¢) anextended squitter airborne systems support an interactive capability

incorporating, both an extended squitter transmission capability, that is,
(ADS)-B OUT with a complementary extended squitter reception
capability that is, (ADS)-B IN in support of onboard (ADS)-B
applications;

(b) class B extended squitter systems provide a transmission cnly, that is,

(ADS)-B QUT without an extended squitter reception capability, for use
on aircraft, sirface vehicles, ov fixed obstructions; and

(c) class C extended squitter sysiems have only @ receplion capability and

thus have no transmission requirements.

(5) Aclass A extended squitter airborne system shall have transmitting and
receiving subsystem characteristics of the same class, that is A0, A}, A2, or A3
as provided under subregulation (1) and reguiation 63 (2}.

Control of 75. (1) A protection against reception of corrupted data from the source
ADS-B out providing the position shall, be satisfied by error detection on the data inputs
operation and the appropriate maintenance of the installation. :

(2) When an independent control of the ADS-B OUT function is provided,
the operational state of the ADS-B OUT function shall always be indicated to
the flight crew.



76. (1) A ground station supporting a Traffic Information Service-B TIS-B
capability shall incorporate the TIS-B message generation function and the
TIS-B message cxchange function (transmit).

{2) An exiended squitter message for TiS-B shail, be transmitied by an
extended squitter ground station when connected to an appropriate source of
surveillarce data.

(3) The maximum fransmission rate and effective radiated power of the
transmission shall be controlled to avoid unacceptable levels of RF interference
to other 1 090 MHz systems under subregulation (2) that is, SSR and Airborne
Collision Avoidance Systeni.

71, (1) Asurface vehicle supporting any versions of extended squitter ADS-B
capability shall, transmit extended squitter messages as set out regulation 67 (2),

{2} The position source and equipment installed in a surface vehicle 1o
transmit extended squitter version two messages shall, support the following
performance characteristics —

(«) the Navigation Accuracy Category Position or the navigation position
data shall be greater than or equal to nine, or a 95 per cent accuracy
bound on horizontal position less than 30 metees;

(1) the Navigation Accuracy Category Velocity for the navigation velocity
data shall, be greater than or equal to two, a velocity error less than three
mclers per second;

{c) the Navigation Accuracy Category Position and National Accuracy
Category Velocity minimum values shall, be met at a minimum
availability of 95 per cent; and

(d) the system design assurance parameter shall, be equal (o one or more,
which defines the probability of a failure resulting in transmission of
false or misleading information to be less than or equal to 1 x 107,

78. (1) A Mode S extended squitter receiving systems shall perform the

message exchange function receive and the report assembler function,

(2) The required functionality and performance characteristics for the Maode
S extended squitter receiving system may vary depeading on the ADS-B and
TIS-B client applications to be supported and the operational use of the system.

(3) AAurborne Mode S extended squitter receivers shall be consistent with the
definition of receiving system classes shown in Table 3-3 set out in Schedule 3.

79. (1) The message exchange function shall, include the | 090 MHz receiving
antenna and the radio, equipment, recciver, demodulator, decoder, data buffer,
sub-functions,

(2) An airborne Mode S extended squitter receiving system shall, support
the reception and decading of all extended squitter messages as listed in Table
3.3 of the Schedule 3.

(3) An ground ADS-B extended squitter receiving system shall support the
reception and decoding of the cxtended squitter message types that convey
information needed to support the generation of the ADS-B reports of the types
required by the client ATM ground applications.

(4) Anairborne Mode § extended squitter receiver, demodulation or decoder
shall employ the reception techniques and have a receiver minimum trigger
threshold level as listed in Table 3-3 set out in Scheduie 3, as a function of the
airborne receiver class,

(5) A reception technique and MTL for extended squitter ground receiver
shall be sclected to provide the reception performance, range and update rates,
as required by the client Air Traffic Management ground applications.
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(6) A Class Al, A2 and A3 airborne receiving systems shall, include the
following features to provide improved probability of a Mode S extended
squitter reception, in the presence of multiple overlapping Mode A/C fruit or
in the presence of an overlapping stronger Mode S fruit, as compared to the
performance of the standard reception techuique required for Class A0 airborne
receiving systems —

{a) improved Mode S extended squitter preamble detection;

(b) enhanced error detection and correction; and

{c} cnhanced bit and conflidence declaration techniques applied to the

airborne receiver classes as shown below —-

(i} Class Al — Performance equivalent to or better than the use of the
Centre Amplitude technigue,

(ii) Class A2 — Performance equivalent to or better than the use of the
Mutltiple Amplitude Samples baseline technique, where at least
8 samples are taken for each Mode S bit position and are used in
the decision process, and

(iiiy Class A3 ~ Performance equivalent 1o or betier than the use of the

Multiple Amplitude Samples baseline technique, where at least
10 samples are taken for each Mode S bit position and are used in
the decision process.

80. (1} A report assembler function shall include the message decoding,
report assembly, and outpat interface sub-functions,

(2) When an extended squitter message is received, the message shall
be decoded and the applicable ADS-B report of the types as provided under
regulation 81 shall be generated within 0.5 seconds

81, {1) A State vector report shall contain -—

(@) the time of applicability;

(b) information about an airbarne or vehicle's current Xinematic state such

as position and velocity;

(¢) the measure of the integrity of the navigation data, based on information

received in airborne or ground position;

() the airborne velocity; and

{e} the identification and type extended squitter messages.

(2) The time of applicability shall be reported individually for the position
related report parameters and the velocity related report parameters, due to
separate messages used for the position and velocity.

{3) AState vector report shall include a time of applicability for the estimated
position or estimated velocily information, not based on a message with updated
position or velocity information, when such estimated position or velocity
information is included in the State vector report.

(4) A mode status report shall, contain —

(@) time of applicability and current operational information about the

transmitting participant, including airborne or vehicle address;

{0) callsign,

{c) ADS-B version number;,

{d) airborne or vehicle length and width information;

{e) state vector quality information; and

{f} other information based on information received in operational status,

airborne identification and type, airborne veloeity and airborne status
extended squitter messages.,



(5) A report assembler function shall update the report time of applicability
when a mode status report is generated.

(6) A paramcter which do not have a valid data available shall, either be
indicated as invalid or omitted from the mode status report.

(7} An air referenced velocity reports shall be generated when the air
referenced veloeity information is received in aitborne velocity extended
squitter messages,

(8) An air referenced velocity report shall, contain time of applicability,
airspeed and heading information.

(9) Cettain classes of extended squitter receiving systems, as defined in
regutation 83 are required to generate air veferenced velocity reports.

(10) When an individual mode status report is generated, the report assembly
function shall update the report time of applicability.

{11) AnRA report shall contain time of applicability and the contents of an
active Airborne Collision Avoidance System resolution advisory as received in
a Type=28 and Subtype=2 extended squitter message.

82, (1) When a TIS-B message is received by airborne receiving systems,
the informaltion shall be reported to client applications.

(2) When an individual TIS-B report is generated, the report assembly
funetion shall update the report time of applicability to the current time.

(3) A reccived information clements, exeept the position, shall be reported
directly, including all reserved fields for the TIS-B fine format messages, and
the entire message content of any received TIS-B management message.

{4) An information content reported shall, be the same as the information
contesnt received.

{5) When a TIS-B position message is received, it is compared with tracks
to determine whether it can be decoded into target position, cotrelated to an
existing track.

(6) When the message in subregulation {5) is decoded into target position a
report shall be generated within 0.5 seconds,

(7) The report under subregulation (6) shall contain —

{a) the received position information with a time of applicability;

(b) the most recently received velocity measurement with a time of

applicability;

(c) the estimated position and velocity applicable to &8 common time of

applicability, airborne or vehicle address; and

(d) all other information in the received message.

(8) The estimated values shall be based on the received position information
and the track history of the target.

(9) When a TIS-B velocity message is received, if it is correlated to a
complete track —

(¢) areportshall be generated, within 0.5 seconds of the message reception;

and

(&) theestimated values shall be based on the based on the received ground

reference velocity information and track history of the farget.

(13) The report in subgegulation (9), shatl —

(@) contain the received velocity information with a time of applicability;

(&) the estimated position and velocity applicable 1o a common time of

applicability; and

(¢) airborne or vehicle address, and all other information in the received

message.
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(11} The whole message content of any received TIS-B management message
shall, be reported directly to the client applications.

(12) The contents of areceived TIS-B management message shall, be reposted
bit-for-bit to the client applications.

{13) The informmation content reported shalf, be the same as the information
content received,

83. (1) The receiving system shall use a local source of refcrence time as the
basis for reporting the time of applicability, as defined for each specific ADS-B
and TiS-B report type.

(2) Areceiving system intended to generate ADS-B or TIS-B reporls based
on the reception of surface position messages, aitborne position messages, or
TIS-B messages shall use General Navigation Satellite System UTC measured
time for the purpose of generating the report time applicability for the following
cases of received messages —

(a) version zero (0) ADS-B messages, as defined in paragraph [.1.2.86.2
set out Schedule 1, when the navigation uncertainty categoty is 8 or 9;
or

{b) vession zero (0) ADS-I messages, as defined in paragraphs 1.1.2.8.6.2
and 1.1.2 8.7, set ont Schedule 1 when the navigation integrity category
is 10 or 11,

(3) AUTC measured time data shall have a minimum range of 300 seconds

and a resolution of 0.0078125 {1/128) seconds.

() Forareceiving system not intended to generate ADS-B or TIS-B reports,
based on reception of ADS-B or TIS-B messages meeting the NUC or NIC
criteria as provided under subregulation (2), a non-precision time source shall
be allowed.

(5) Where there is no appropriate precision time source available, the
receiving system shail establish an appropriate internal clock or counter having
a maximum clock cycle or count time of 20 milliseconds,

(6) A established cycle or clock count shall, have a minimum range of 300
seconds and a resolution of 0.0078125 (1/128) secends.

84. (1) The report assembler function associated with Type I Mode S extended
squilter receiving systems, as defined in regulation 65, shall support that subset
of ADS-B and TIS-B reports and repout parameters, that ate required by the
specific client applications being served by that receiving system.

(2) The report assembler function associated with Type 1l receiving systems,
as defined in regulation 65, shall generate ADS-B and T1S-13 reports according
to the class of the receiving system as provided under Table 3 — 4 set out in
Schedule 3, when the prerequisite ADS-B or TIS-B messages ate being received.,

(3) The report assembler function associated with Mode S extended squitter
ground receiving systems, as defined in regulation 65, shall support that subset
of ADS-B reports and report parameters that are required by the specific client
applications being served by that receiving system.

85. (1) The Mode 8§ extended squitter receiving system shall provide
interoperability with both version zero and version one extended squitter ADS-B
message formats.

(2) The Mode S extended squitter receiving system shall upon acquiring a
new ADS-B target, initially apply the decoding provisions applicable to version
0 ADS-B messages until or unless an operational status message is reccived
indicating version one message format is in use.



(3) The Modc S extended squitter receiving system shall —

{g) decode the version number information conveyed in the operational
status message; and

(b) apply the corresponding decoding rules, version O or version 1, for the
decoding of the subsequent extended squitter ADS-B messages from
that specific airborne or vehicle.

(4) The Modec S extended squitter receiving system shall ignore the contents

of any message subfield defined as reserved,

PART VI — Multi Lateration (MLAT) Systems

86. (1} The radio frequency characteristics, structure and data contents of
signals used in 1 090 MHz MLAT systems shall conform te the provisions of
Schedule 1.

(2) An MLAT system used for air traffic surveillance shall be capable of
determining aircraft position and identity,

(3) Where an MLAT system is equipped to decode additional position
information contained in transmissions, it shall report such information
separately from the aircraft position calculated based on Time difference of
arrivals.

87. (13 The effective radiated power of active interrogators shall be reduced
to the towest value consistent with the operationally required range of each
individual interrogator site,

(2) An active MLAT system shall not use active interrogations to obtain
information that can be obtained by passive reception within each required
update period.

(3) An active MLAT system consisting of a set of transmitters shali be
considered as a single Mode S interrogator.

(4) The sct of transmitters used by all active MLAT systems in any pait of the
airspace shall, not cause any transponder to be impacted such that its occupancy,
because of the aggregate of alt MLAT { 030 MHz interrogations, is greater than
two per cent at any time,

{5) An active MLAT systems shall not use Mode S AH-Call interrogations.

88, 'T'he performance characteristics of the ML AT system used for air traffic
surveillance shall be that the intended operational service can be satisfactorily
supported.

PART VI — Technical Requirements for Airborne Surveiliance
Applications

89. (1) An Airborne Collision Avoidance System shall support a function
to identily unambiguously cach reference aircraft relevant o the application.

{2) An Airborne Collision Avoidance System shall support a function to
monitor the movements and behavior of each reference aircraft relevant to the
application,

{3y An Airbormne Cofllision Avoidance System shall support a computational
fanction to predict the future position of a reference aircraft beyond simple
extrapolation.
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90. (1) AnAirborne Collision Avoidance System shall display only one track
for each distinct airceraft on a given display.

(2) Where a (rack generated by ADS-B/TIS-B IN and a frack generated by
an Airborne Collision Avoidance System have been determined to belong to
the same aircraft, the track generated by ADS-B/TIS-B IN shall be displayed.

(3) The display of the tracks shall, comply wiih the requirements of Airborne
Collision Avoidance System traffic display.

PART VIII — General Provisions

91. (1) AnAir Navigation Service Provider who wishes ta be exempted from
any requircment under thesc Regulations may apply to the Authority in writing.
(2) The application shall specify the time when the Air Navigation Service
Provider is expected by the Authority to fully comply.

92. (1) Aperson who performs any function determined by these regulations
directly or by contract, under the provisions of these Regulations may be tested
for drug or alcohol usage.

(2) A person who refuses to submit to a test to indicate —

(a) the percentage by weight of alcohol in the blood; ot

{b) thec 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 fornish or to authorise the release
of the test results requested by the Authority shall —

(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 his or her licence, certificate, rating, qualification, or
authorisation issued under these regulations suspended or revoked.

(3) Any person who is convicted for the violation of any local or national
statute relating to the growing, processing, manufacture, sale, disposition,
possession, transportation, or importation of narcotic drugs, marijuana, or
depressaat or stimulant drugs or substances, shall —

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

(b) have his or her licence, certificate, rating, qualification, or authorisation
issucd under these Regulations suspended or revoked.

93. (1) An Air Navigation Service Provider holder of a certificate issued

under these regulations, shall apply to the Authority for —

(a} rcplacement of the certificate if lost or destroyed,;

{b) change of name on the certificate; or

{c} anendotsement on the certificate,

(2) For purpose of subregulation (1), the holder of a certificate shall submit

to the Authority - -

{a) the originaf certificatc, or 4 copy thercof in case of loss; and

(&) acourt 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 specificd under subregulation (2) and,
where necessary, retain copies thereof.



94, (1) Aholder of a CNSP certificate issued under these Regulations shall
notify the Authority of the change in the physical and mailing address within
14 days of such change.

(2) Aholder of a CNSP cexrtificate wheo does not notify (he Authority of the
change in the physical and nwiling address within the time frame specified in
subregulation (1), shall not exercise the privileges of the certificate,

95. A person shall apply to the Authority in Form A set out in Schedule 4 for
replacement of documents issued under these Regulations if such documents
are lost or destroyed.

96. (1) A person shall not —

{a) useany certificate or exemption issned or reguired by or under these
Regulations which has been forged, altered, cancelled, or suspended, or
to which he is not entitled;

(by forge or alter any certificate or exemption issued or tequired by or under
thesc Regulations;

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

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

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

(2) Any record required to be maintained by or under these Regulations shall

be recorded in a permanent and indelible material.

(3) A person shall not issue any certificate or cxemption under these
Regulations unless he or she is authorised by the Authority.

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

97, {1) Any person who knows of a violation of these Regulations, rules,
or orders issued there under, shall report it to the Authority,

(2) For purposes of subregulation (1), the Authority shall determine the nature
and type of investigation or enforcement action that need to be taken.

98. Any person who fails to comply with any dircetion given to him or her
by the Authority or by any authorised person under any provision of these
Regulations shall be deemed for the purposes of these Regulations to have
contravened that provision.

PART IX — Offences and Penaltics

99, (1) Aperson who coniravenes any provision of these Regulations, orders,
notices or proclamations made there under is liable to a fine or imprisonment or
both, and in the case of a continuing contravention, each day of the contravention
shall constitute a separate offence.

(2) Any person who contravenes any provision of these Regulations is to be
liable te a fine not exceeding P 100 000 or to imprisonment for a term not more
than six months, or to both.
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(3) Ifitis proved that an act or omission of any person, which would otherwise
have been a contravention by that person of a provision of these Regulations,
orders, notices or proclamations made under the Regulations was due (o 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.
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111,

L1L

SCHEDULES
SCHEDULE 1
(Regs.: 14, 17-22, 24, 27, 38, 44, 47, 83 and 86)

Surveillance Systems

Secondary Surveillance Radar (SSR) System Characteristics

Note 1,— Section 1,1.1 prescribes the technical characteristics of SSR systems having
only Mode A and Mode C capabilities. Section 1.1.2 prescribes the characteristics of
syslems with Mode 8 capabilities, Chapter 5 prescribes additional requirements on Mode
S extended squitter,

Note 2.— Systems using Mode S capabilities are generally used for air eaffic control
surveillance sysiems, In addition, certain ATC applications may use Mode S emitters,
example for vehicle surface surveillance or for fixed target detection on surveillance
systems. Under such specific conditions, the term “aircrvaft” can be understood as
“aircraft or vehicle (A/V)”. While those applications may use a limiled set of data, any
deviation from standard physical characteristics must be considered very carefully by the
appropriate authorities. They must consider not only their own surveillance (SSR)
environment but also possible effects on other systems like Airborne Collision Avoidance
System.

Note 3— Non-Standard-International alternative units arc uscd as permitted by under
regulation (5) of the Civil Aviation (Units of Measurements o be uscd in air and ground
operations) Regulations, .

Systems having only Mode A and Mode C capabilitics

Note I.— In this section, SSR modes are designated by letters A and C, Suffixed letters,
example Ai, Cy, are used 1o designate the individual pulses used in the air-te-ground
pulse trains, This conmon use of letters is not to be construed as implying any particular
association of modes and codes.

Note 2. — Provisions for the recording and relention of radar data are contained under in
Civil Aviation (Air Teaffic Services), Regulations, Patt VI

1 Interrogation And Control (Inlerrogation Side-Lobe Suppression) Radio Frequencies
{(Ground-To-Air)

1.1 The carrier frequency of the interrogation and control transmissions shall be 1 034
Mz
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The frequency tolerance shall be plus or minus 0.2 MHz.

The carrier frequencies of the contre! transmission and of each of the interrogation
pulse transmissions shall sof differ from each other by more than 0.2 MHz.

Reply Carrier Frequency (Air-To-Ground)
‘The carrier frequency of the reply transinission shall be 1 090 MHz.

The frequency tolerance shall be plus or minus 3 MHz,

Palarization

Polarization of the interrogation, control and reply transmissions shall be
predominantly vertical,

Interrogation Modes (Signals-In-Space}

The interrogation shall consist of two iransmitted pulses designated Py and Py A
control pulse P, shall be transmitted following the first interrogation pulse Py.

Interrogation Modes A and C shall be as defined in £.1,14.3,

The interval between P and Py shail determine the mode of interrogation and shall be
as follows —

Mode A 8 +0.2 microseconds
Mode C 2] 0.2 microseconds

The interval between Py and P shall be 2.0 plus or minus 0.15 microseconds.
The duration of pulses Py, P» and Py shall be 0.8 plus or minus 0.1 microsecond.
The rise time of pulses Py, P and Py shall be between 0.05 and 0.1 microsecond.

Note [.-The definitions are contained in Fignre 1-1 “Definitions of secondary
surveillance radar waveform shages, intervals and the reference point for sensitivity and
power”,

Note 2.-The intent of the lower limit of tise time {0.05 microsecond) is to reduce
sideband radiation. Equipment will meet this requirement if the sideband radiation is no



greater than that which, theoretically, would be produced by a trapezoidal wave having
the stated rise time.

1.1.14.7 The decay time of pulses Py, P> and Py shall be between (.05 and 0.2 microsecond.

Note. - The inted of the lower limit of decay time (0.65 microsecond) is {o reduce
sideband radiation. Equipment will meet this requirement if the sideband radiation is
no greater than that which, theorctically, would be produced by a frapezoidal wave
having the stated decay fime.

lLLLS  Iuterrogator And Controf Transmission Characteristics (Interrogation Side-lobe
Suppression — Signals-In-Space)

LLLESD  The radiated amplitude of Py at the antenna of (he transponder shiall be -

{a} equal 1o or greater than the radiated amplitude of Py from the side-lobe
transmissions of the antenna radiating Py; and

(&) atalevet lower than 9 dB below the radiated amplitude of Py, wilhin the desired
are of interrogation.

1.1.1.5.2  Within the desired beatm width of the directional interrogation {main lobe), the
radiated amplitude of P; shall be within 1 dB of the radiated amplitude of P,

LLI6  Reply Transmission Characteristics (Signals-In-Space)

LL161  Framing pulses. The reply function shall cmploy a signal comprising two framing
pulses spaced 20.3 microseconds as the most elementary code,

L1162  Information Pulses
1.1.1.6.2.1  Information pulses shall be spaced in increments of 1.45 microseconds from the

first framing pulse. The designation and position of these information pulses shall
be as follows:

Position
Puitses ( microseconds }
Cy 1.45
A) 2.96
C; 4.35
Az 5.80

G 1.25



Ay 8.70

X 10.15
B; 11.60
D, 13.05
B, 14.50
D: 15.95
B, 1740
Dy 18.85

Note. - The standard relating to the use of these pulses given in Regulation 20 (1) is
contained in the Aeronautical Sutveillance Manual (Doc 9924)

1.1.1.6.2.2 The position of the X pulse shall not be used in replies to Mode A or Mode C

interrogations if the safc operation of surveillance systems cannot be maintained.

1.1.1.6.2.3 Utilization of the X pulse for special applications shali be cartied out in conformance

1.1.1.6.3

1.1.164

1.1.1.6.5

with a procedure established by the Authority to ensure compatibility of atl systems,

Special position identification piise {(SPI). Tn addilion to the information putses
provided, a special position identification pulse shall be transmitted but only as a
vesult of manual (pilof) selection. When transmitted, it shall be spaced at an interval
of 4,35 microseconds following the last framing pulse of Mode A replics only.

Keply pulse shape. All reply pulses shall have a pulsc duration of 0.45 plus or minus
0.1 microsecond, a pulse rise time between 0.05 and 0.1 microsecond and a pulse
decay time between 0.05 and 0.2 microsecond. The pulse amplitude variation of one
pulse with respect to any other pulse in a reply train shall not exceed 1 dB.

Note.— The intent of the lower limit of rise and decay times (0.05 microsecond) is to
reduce sideband radiation, Equipment will meet this requirement if the sideband
radiation is mot greater than that which, theoretically, would be produced by a
trapezoidal wave having the stated rise and decay times.

Reply puise position tolerances. The pulse spacing folerance for each pulse
(including the last framing pulse) with respect to the first framing pulse of the reply
group shall be plus or minus 0.1¢ microsecond. The pulse interval tolerance of the
special position identification pulse with respect to the last framing pulse of the reply
group shall be plus or minus 0.10 nticrosecond, The pulse spacing tolerance of any
pulse in the reply gronp with tespect to any other pulse (except the first framing
pulse) shall not exceed plus or minus 0.15 microsecend.



1.1.L1.6.6  Code nomenclainre. The code designation shall consist of digits between 0 and 7
inclusive, and shall consist of the sum of the subscripts of the pulse numbers given in
1.1.1.6.2 above, employed as follows:

Digit Putse Group
First (most signiftcant) A
Second B
Third C
Fourth D

L1 Technical Characteristics of Transponders with Mode A Aad Mode C Capabilities
Only

LLL7.Y  Reply. The transponder shall reply (not less than 90 per cent triggering) when all of
the following conditions have beea met —

(o)  the received amplilude of 75 is in excess of a level | dB below the received
amplitude of P but no greater than 3 dB above the received amplitude of Py;

(b) either no pulse is received in the interval 1.3 microseconds to 2.7
microseconds after Py, or Py excegds by more than 9 dB any pulse received in
this interval; and

@)  the received amptlilude of a proper interrogation is more than 10 dB above the
received amplilude of random pulses where the lalter are nol rccognized by
the iransponder as Py, Py or Py,

L1172 The teansponder shall not reply under the following conditions —

fal  to interrogations when (he interval belween pulses Py and P differs from
those specified in 1.1.1.4.3 by more thar plus or minus 1.0 microsecond;
and

(&)  upon receipt of any single pulse which has no amplitude variations
approximating a normal interrogation condition,

LILL7.3  Dead time. Afer recognition of a proper interrogation, the transpender shall not reply
to any other interrogation, at least for the duration of the reply pulse train. This dead
time shall end no later than 125 microseconds after the fransmission of the last reply
pulsc of the group.



1.1.1.7.4  Suppression

1.1.1.74.1

114742

Note.— This charactcristic is used to prevenl replics 1o intervogations received via
ihe side lobes of the interrogator antenna, and to prevent Mode A/C transponders
from replying to Mode S intercogations.

The transponder shall be suppressed when the received amplitude of P; is equal to,
ot in excess of, the received amplitude of £; and spaced 2.0 plus or minus 0.15
microseconds. The detection of Py is not required as a prereguisite for initiation of
suppression action.

The transponder suppression shalt be for a period of 35 plus or minus 10
microseconds.

1.1.1.74.2.1  The suppression shall be capable of being reinitiated for the [ull duration within 2

LLL743

microseconds after the end of any suppression period.
Suppression in presence of Sy pulse

Nole.— The §; pulse is used in a technique employed by Airborne Collision
Avoidance System known as “whisper-shout” to facilitale Airbome Cotlision
Avoidance System surveillance of Mode A/C aircraft in higher (raffic densities.
The whisper-shout technique is explained in the Aitbome Collision Avoidance
Systetn (Airborne Collision Avoidance Syslem) Manual {Doc 9863),

Wien an S, pulse is detected 2.0 plus or minus 0.15 microseconds before the P, of a
Mode A or Mode C interrogation -

(@) with Sy and P, above MTL, the transponder shall be suppressed as specified in
LLL74L,

(& will Py at MTL and $; al MTL, the transponder shall be suppressed and shail
teply lo 510 more than 10 per cent of Mode A/C intemrogations;

{¢)  with Py at MTL and Sy at MTL -3 dB, tlie transponder shall reply to Mode A/C
interrogations at lcast 70 per cent of the time; or

(d) will Py at MTL and S) at MTL 6 dB, the transponder shall reply to Mode A/C
interrogations a1 least 90 per cent of the tirae,

Note 1.— The suppression action is because of the detection of S; and P and
does not require detection of a P, or Py pulse,



Note 2.~ S has a fower amplitude thar: Py, Certain Airbome Collision Avoidance
Syslens use (his mechanism to improve target delection (4.3.7.1).

Nole 3.— These reguirements also apply 1o a Mode A/C only capable travsponder

when an $ precedes an intermode juterrogation (2.1.2.1),

LLL7S

Receiver Sensitivity aud Dynamic Range

1.1.1.7.5.1 The winimom triggering level of the transponder shall be such that replies are

generaled 4o at least 99 per cent of the interrogation signals when -

fa} the two pulses Py and P; constituting an interrogation are of equal amplilude
and P, is not detected; or

(b (he amplitude of these signals is nominily 71 dB below 1 mW, with Limils
between 69 dB and 77 dB below | mWV.

.11.7.5.2  The reply and suppression characteristics shall apply over a reccived amplitude of

Py between minimum triggering fevel and 50 dB above that tevel,

L1LL753  The variation of the minimum triggering leve! between modes shall not exceed |

L1176
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dB for nominal pulse spacings and pulse widths,

Pulse duration discrimination. Signals of received amplitude between minimum
triggering level and & dB above this level, and of a dosation less than 03
microsecond, shalt not cavse the transponder fo initiate reply or sappression action.
With the exception of single pulses with amplitude variations approximating an
infetrogation, any single pulse of 4 duration more than 1.5 microsecends shall not
canse i transponder Lo initiate reply or supptession aclion over (he signal anplitude
range ¢f minimum triggering level {MTL) to 50 d13 above that level.

ficho suppression and recovery. The lransponder shall contain an echo suppressior:
facility designed (o pennit normal operation in the presenee of cchoes of signals-in-
space. The provision of this facility shall be compatible with 1he requirements for
suppession of side lobes givenin 1.1.1.7.4.1.

L1117 Desensitization. Upon receipt of any pulse more than 0.7 microsccond in duration,

the receiver shall be desensitized by ant amount that is within at least 9 dB of the
amplitude of the desensitizing putse bui shatl at no time cxcced the amplitude of
the desensitizing putse, with the exception of possible overshoot during the fiest
microsecond following the desensitizing pulse.



Note.— Single pulses of duration less (han 0.7 microsecond are not required lo
cause the specified desensitization nor to cause desensitization of duration greater
than permitied by 1.1.1.7.7.L and 1.1.1.7.7.2.

1L.LL7Z72  Recovery. Following desensifization, the receiver shafl recover sensitivity (wilhie 3
dB of minimum triggering level) within 13 microseconds afler reception of &
desensitizing pulse having a signal strength vp to 5¢ dB above minimum triggering
level. Recovery shall be af an average rate not exceediag 4.0 dB per microsecond.

LI.I28  Random wiggering rate. In the absence of valid interrogation signals, Mode A/C
transponders shall not generate more than 30 unwanted Mode A or Mode C replies
per second as integraled over an interval equivalent to at teast 300 random triggers,
or 30 seconds, whichever is less. This random triggering rate shall nol be exceeded
when all possible interfering equipments installed in the same aircraft are operating
at maxtmuin inferference levels,

LLIA8.1  Ramdom friggering rate in the presence of low-level in-band continnous wave (CH)
Mnferference. The total random trigger rate on 2ll Mode A or Mode € replics shall
not be greater than 10 reply pulse groups or suppressions per second, averaged
over a period of 30 seconds, when operated in the presence of non-coherent CW
interference al a frequency of 1 830 £0.2 MHz and a signat level of -60 ¢Bm or
Icss.

14179 Reply Rate

LLL79.0 Al transponders shall be capable of continuously generating al least 560 replies
per second for a 15-pulse coded reply. Transponder installations used solely below
4 500 m (15 000 &), or below a lesser altitude established by the appropriate
authority or by regional air navigation agreement, and in aircraft with a maximum
cruising frue airspeed not exceeding 175 kt (324 kmv/h) shall be eapable of
generating at feast 1 000 15-pulse coded replies per second for a duration of 100
milliseconds. Transponder installations operated above 4 500 m (15 000 f) or in
aircrafi with a maximum eruising true aiespeed in excess of 175 kt (324 kmvh),
shall be capable of generating at least | 200 13-pulse coded replies per second for a
duration of 100 milliseconds,

Note 1.— A [S-pulse reply includes 2 framing pulses, 12 information pulses,
and the SPI pulse,

Note 2.— The reply rate requirement of 500 replies per second establishes
the minimum continnons reply rate capability of the transponder. As per the
altitude and specd criteria above, ke 100 or 120 ceplies in a 100-millisecond
interval defines the peak capability of the transponder. The transponder must
be capable of replying to this shortfemn burst rale, even though the
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transponder may not be capable of sustaining this rate. If the transponder is
subjected 1o interrogalion rates beyond ifs reply rate capabifity, the reply rate
limi control of £.1.1,7.9.2 acts to giacefully descnsilize the fransponder in a
maner that favours closer inicrmogators. Desensilizalion climinates weaker
interrogation signals,

Reply rate limit comrol. To protect the system from (he effects of fransponder
over-interrogation by preventing response 1o weaker signals when a predefermined
reply rate has been reached, a sensitivity reduction type reply limit conteol shatl be
incorporated in the cquipmeni, The range of 1his contral shall permit adjustment, as
& minimum, 10 aay value between 500 and 2 000 replies per second, or (o (e
maximun reply rate capability if fess than 2 D0O replies per second, withoul regard
to the number of pulses in each reply, Sensitivity reduction in excess of 3 dB shall
not lake effect nntil 90 per cent of the setected value is exceeded. Sensifivity
reduction shall be ai least 30 dB for rates in excess of 130 per cent of the selected
value,

Reply delay and jitter, The 1ime delay between the arrival, al the ansponder
receiver, of the leading edge of £ and the transmission of e leading edge of the
first putse of the ceply shall be 3 plus or minus 0.5 microseconds. The total jitler of
the reply pulse code group, with respect to Py, shall not exceed 0.1 microsecond for
receiver input levels between 3 dB and 50 dB above mininuum triggering level,
Delay variations between modes on which the transponder is capable of replying
shalk not exceed 0.2 microsecond.

Transponder Power Quiput and Duty Cycle

The peak pulse power available at the antenea end of the transmission line of the
transponder shall be at least 21 dB and not more than 27 dB above 1 W, excepl
that for teansponder installations used solely below 4 500 m (15 000 K), or below
a lesser altitude established by the appropriate authority or by regional air
navigation agreement, a peak pulse power available al the antenna end of the
transmisston line of the transponder of at least 18.5 dB and not more than 27 dB
above 1 W shall be permittec,

Note.— An cxiended squiller non-transponder device on an aerodrome surface
vehicle may operate with a [ower minimum power output as specified
Regulation in 67 (2).

Recommendation.— The peak pulsc power specified in 1,1.1.7.11,1 should be
maintained over a range of replies from code 0000 at a rate of 400 replies per
secoid to a maximunt pulse content at a rate of 1 200 replies per second or a
maximum value below ] 200 replies per second of which the transponder is
capable.



1.1.L1.7.12  Reply Codes

L1172 Identification. 'The veply to a Mode A interrogation shall consist of the two
framing pulses specified in 1.1.1.6.1 together with the information pulses (Mode
A code) specified in [.1.1.6.2.

Note.— The Mode A code designation is a sequence of four digits in accordance
with 1.1.1.6.6.

1.1.1.7.12.1.1  The Mode A code shall be manually selected from the 4 096 codes available.

1117122  Pressure-aftitiude transmission. The reply to Mode C interrogation shall consist
of
the two framing pulses specified in 1.1.1.6.1 above. When digitized pressure-
atitude information is available, the information pulses specified in £.1.1.6.2 shall
also be transmiited.

1.1.1.7.12.2.1 Transponders shall be provided with means to remove the information pulses
bul 1o retain the framing pulses when the provision of 1.1,1.7.12.2.4 below is
not complied wilh in reply to Mode C interrogation,

1,1.1,7.122.2  The information pulses shall be automatically selected by an anaiog-to-digital
converter connecled fo a pressure-altitude data source in the aivcraft referenced
to the standard pressure setting of 1 013,25 hectopascals,

Note.— The pressure setting of 1 013.25 hectopascals is equal to 29.92 inches of
mercury.

1.1.1.7.12.23  Pressurc-altitude shall be reported in 100-ft increments by sclection of pulses us
shown in the Appendix 1o this chapter.

1.1.1.7.122.4 The digitizer code selected shall correspond to within plus or minus 38,1 m {125
ft), on a 95 per cent probability basis, with the pressure-altitude information
{referenced 1o the standard pressure setiing of | 013.25 hectopascals), used on
board the aircraft to adhbere to the assigned flight profile.

LLLTI13  Transmission of the speciaf position identification (SPI} pulse. When required, this
pulse shall be transmitted with Mode A replies, as specified in 1.1.1.6.3, for a
period of between 15 and 30 seconds.

1.1.1.7.14  Antenna

LLL7.14,1  The transponder antenna system, when installed on an aireraft, shall have a
radiation pattern which is essentially omaidirectional in the horizontal plane.



LEL7142  The vertical radiation paftern shoutd be nominally equivaient to that of a
quarterwave nonopoie on a ground plane,

1.1.L.8  Technical Chasacleristics of' Ground Inferrogators With Mode A And Made C
Capabilities only

LLLEBY  Interrogation repelition frequency. The maximun interrogation repetition frequency
shail be 450 interrogations per second.

1.L.1.8.1.1  To minimize unnecessary transponder friggering and (he resulting high density of
mutual interference, all inlerrogators should use the lowest practicable inlerrogator
repetition frequency that is consistent with the display charactevistics, interrogator
antenna beam width and antenna rotation speed employed.

1.1.1.8.2 Radiated Power

In order to minimize system interference the effective radiated power of interrogators
should be reduced to the lowesl value consistent with the operationally required range of
each individual interrogator site.

1.1.1.8.3  When Mode C informalion is to be used from aireraft flying below transilion levels,
the altimeter pressure reference datum shall be considered,

Note.— Use of Mode C below transition levels is in accotdance with the philosophy that
Mode C can vsetully be employed in all environments.

1.1.1.9 Interrogator Radiated Field Patlern

The beam width of the directional inteyrogator antenna radiating P3 shall not be wider
than is operalionally required, The side- and back-lobe radiation of the directional
antenna shalt be al least 24 dB below the peak of the main-lobe radiation.

I.1.1.10 Interrogator Monitor

LLLIG.T  The range and azimuth accuracy of the ground interrogator shall be monitored at
sufficiently frequent intervals to ensure system integrity.

Nate.- Inlerrogalors that are associated with and operated i conjunction with
primary radar may usc the primary radar as the monitoring device, alternatively, an
electronic range and azimuth acenracy mokitor wowld be vequired.



1.1.1.162  In addition fo range avd azimuth moniloring, provision shall be made (o monitor
conlinuously the other critical parameters of the ground interrogator for any
degtadation of performance exceeding the allowakle system folerances and to
provide an indication of any such eccurrence.

LILI Spurious Emissions and Spurious Responses
LLLILY  Spurious Radiation

CW radiation shall not exceed 76 dB below | W for the interrogator and 70 dB
below t W for the fransponder.

LLLLIL2  Spurious Responscs

The response of both airborne and ground cquipment to signals not within (he receiver
pass band shali be at lcasl 60 ¢B below normal sensitivity.

1.1.2 SYSTEMS HAVING MODI: § CAPABILITILS

1.1.2.) Iuterrogation signals-in-space characteristics. The paragraphs herein describe the
signals-in-space as they can be expected to appear at the antenna of the iransponder.

Note.— Because signals can be corrupted in propagation, certain interrogation pulse
duration, pulse spacing and pulse amplitude tolerances arc more stringent for
inlerrogators as described in 1.1.2.11.4.

L12.LI  Intervogation carrier frequency, The carrier frequency of all interrogations (uplink
transmissions) from ground facilitics with Mode S capabilities shall be 1 030 plus or
minus 0.0 MHz.

1.L2.12  Interrogation spectrunt. The spectrum of a Mode S interrogation about the carier
frequency shall not exceed the limits specified in Figure 1-2 set out in Schedule [.

Note.— The Mode S interrogation spectrum is data dependent. The broadest
spectrm is generated by an interrogation thal contains alf binary ONEs.

L02.1.3  Polarization. Polarization of the interrogaiion and control transmissions shatl be
nominalty vertical.

1.1.2.14  Modulation. For Mode S interrogations, the carrier frequency shall be pulse
maodulated, In addition, the data pulse, 26, shall have internal phase modulation.



11.2.14.
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Pulse modulation. Intermode and Mode S interrogations shall consist of a sequence
of pulses as specified in 1.1.2,1.5 and Tables 1-1, 1-2, 1-3, and 1- 4 as provided for
in Schedule 1.

Note.— The 9.8 microsccond pulses used in intermode and Mode S infertogations
ae identical in shape to those used in Modes A and C as defined in 1.1.0.4

Phase modhiation. The short {16.25-microsecond} and long {30.25-microsecond)
P6 pulses of 1,12,1.4.1 shall have internal binary differential phase modulation
consisting of 180-degree phase reversals of the carrier at a 4 megabit per second
rate.

Phase reversal duration. The duration of he phase reversal shall be less than
0.08 microsecond and the phase shall advance (or retard) monotonically
throughout the transition regton. There shall be no amplitude medulation applied
duting the phase transition.

Note- The minimum duration of the phase reversal is nol specified.
Nonethetess, the spectrum requiventents of 1.1.2.1.2 must be met.

Phase refationship. The tolerance on the 0 and 180-degree phase relationship
between successive chips and on 1he sync phase reversat (1.1.5.2.2) within the P6
pulse shall be plus or minus § degrees.

Note,— In Mode S a “chip” is the $.25 microsecond catrier interval between
possible data phase reversals.

L1.2.1.5 Puise and phase reversal seguences. Specific sequences of the pulses or phase
reversals deseribed in 1.1.2.1.4 shall constitule interrogations.

1.1.2.1.5,] Intennode interrogation

L1251

Mode A/C/S all-call inmterrogation, This interrogalion shall consist of three
pulses: 1, P3, and the long P4 as shown in Figwre 1-3. Qne or two control
pulses (P2 alone, or 1 and P2) shal) be transmitted using a separate antenna
pattern to suppress responses from aircrafl jn the side lobes of the intercogalor
antenna,

Note.~— The Mode A/C/S all-call interrogation elicits a Mode A or Made C reply
{depending on the P1-P3 pulse spacing) from a Mode A/C transponder because it
does not recognize the P4 pulse. A Mode S transponder recognizes the long P4
pulse and responds with a Mode S reply, This inferrogation was originally
planned for use by isolated or clustered interrogators. Lockeut for this
interrogation was based on (ke use of I equals 0. The development of the Mode S
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subnetwork now dictates the use of a non-zero Il cade for communication
purposes. For this reason, I[ equals O has been reserved for use in support of a
form of Mode S acquisition that uses stochastic/lockout override. The Mode
AJCIS all-call cannot be used with full Mode S operation since 1f equals ¢ can
only be locked out for short time periods. This intertogation cannot be used with
slochastic/lockout override, since probability of reply cannot be specified.

1 Mode A/C/S all-call interrogations shall not be used on or after 1 Janvary
2020.

Note |.— The use of Mode A/C/S ali-call inierragations does nol allow the use of
stochastic lockout overmide and therefore might not ensure a good probability of
acquisition in arcas of high density of flights or when other interrogators lockout
transponder on [1=0 for supplementary acquisition.

Note 2.— The replies to Mode A/C/S all-call interrogations will no lenger be
supported by cquipment certificd on or after I January 2020, in order to reduce
the RF pollution generated by the replies triggered by the false detection of Mode
A/C/S all-call interrogations within other types of interrogation.

Mode A/C-only all-cail interrogation. This inlcrrogation shall be identical to that
of the Mode A/C/S all-call interrogation exceps that the short P4 pulse shall be
used.

Note— The Made A/C-only afl-call interrogation clicits a Mode A or Mode C
reply from a Mode A/C transponder. A Mode S {ransponder recognizes the short
P4 puise and does not reply to Lhis interrogation

Pudse intervafs, The pulse intervals between P1, P2 and P3 shall be as defined in
1.1.1.4.3 and 1.1.1.4.4. The pulsc inferval between P3 and P4 shall be 2 plus or
minus 8,05 wicrosecond.

Pidse amplitudes. Relative amplitudes between pulses P1, P2 and P3 shall be in
accordance with 1.1.1.5, The amplitude of P4 shall be within 1 dB of the
amplitude of P3.

Made § interragation. ‘The Mode § intercogation shalt consist of three pulses: P1,
P2 and P6 as shown in Figure 1 - 4 as provided in the Schedule 1.

Note.~— P6 is preceded by a P1 — P2 pair which suppresses replics [rom Mode A/C
transponders to avoid synchronous garble due ta random triggering by the Mode S
interrogation. The sync phase reversal within P6 is the timing mark for
demodulation of a series of time intervals (chips) of 0,25 microsecond duration.
This series of chips starts 0.5 microsecond after the sync phase reversal and ends
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0.5 microsecond before the wailing edge of PG, A phase reversal may or may not
precede each chip to encode its binary informaion value.

Mode § side-lobe suppression. The PS pulse shall be used with the Mode S-onty
all-call intereogation (UF = {1, sce 1.5.2) to prevent replies from aireeafl in the
side and back lobes of the antenna {1.1.5.2.5)., When used, £3 shall be
transiitled using a separate anlenna pattern,

Nole |.— The action of £5 is autormatic, Its presence, if of sufficient amptitude ot
the receiving location, masks the sync phase reversal of P6.

Note 2— The P5 pulse tay be used with other Made S interrogations,

Sync phase reversal. The fitst phase reversal in the £6 pulse shall be (he sync
phase reversal. H shall be the timing reference for subscquent transponder
operations related to the interrogation.

Data phase reversals. Eacl data phase reversal shall occur only at a time interval
(N times 0.25) plus or minus 0.02 microsecond (N equal lo, or greater than 2)
afler the sync phase reversal. The 16.25-microsecond P§ pulse shall confain af
most 56 data phasc reversafs, The 30.25-microsccond 26 pulse shall confain at
most [12 dala phase reversals. The last chip, that is e 6.25-microsecond time
inferval following the last data phase reversal posifion, shali be followed by a
0.5-microsecond guard interval.

Note,— The 0.5-microsecond guard inferval foilowing the fast chip prevents the
frailing edge of P6 from inlerfering with the demodulation pracess,

Infervafs. The puise interval between P1 and P2 shall be 2 plus or minus 0.05
microsecond. The interval belween the Jeading edge of £2 and the sync phase
reversal of P6 shall be 2,75 plus or minus 0.05 microsecond. The leading edge of
P6 shall occwr 1,25 plus or minvs 0,05 microsecond before the sync phase
reversal. PS, if leansmitted, shall be centred over the sync phasc reversal; the
leading edge of P§ shall ocour 0.4 plus or miaus 0.05 microsecond before the
SyNe pase reversal,

Puise amplitudes. The amplitude of P2 and the amplitude of the first
wsicrosecond of 6 shatl be preater than the amplitude of P1 winus 0.25 dB.
Exclusive of the amplitude Lansients associaled with phase reversafs, the
amplitude variation of 6 shall be less than t dB and the amplitude variation
befween suceessive chips i P shall be less than 0.25 dB. The radiated
amplitude of P5 at lhe antenna ol the transponder shal! be -

fa} cqual 1o or grealer than the sadiated amplitude of P6 from the side-lobe
transnyissions of the antenna radiating PG; and



(b} at a level lower than & dB below the radiated amplitude of £6 within (he
dusired arc of inierrogation,

1.122  Reply Signals-in-Space Characteristics

11221 Reply carrier frequency. The carier frequency of all replies {downlink
transmissions) from transponders with Mode S capabilities shall be 1 098 plus or
minus 1 MHz.

1.1.2.2.2  Reply spectrum. The spectrum of 2 Mode S reply about the carrier frequency shail
not exceed the limits specitied in Figure -5 in Schedule L,

1.1.2.2.3  Polarizativn. Polarization of the reply transmissions shall be nominally verfical,

1.1.22.4  Modulation. The Mode S reply shall consist of a preamble and a data block. The
preamble shall be a 4-pulse seguence and the data block shall be binary pulse-
position modulated at a } megabit per second data rate.

1.1.2.24.1  Puise shapes. Pulse shapes shall be as defined in Table 1-2 in Schedule 1. All
values ate in microseconds.

1.1.22.5 Mede S reply. The Mode S reply shall be as shown in Figure 1-6 in Schedule ], The
data block in Made S replies shall consist of either 56 or 112 information bits.

1.1.22.5.1  Pulse intervals, All reply puilses shall start at a defined mutiple of 0.5 microsecond
from the first transmitted pulse. The tolerance in all cases shall be plus or minus
0.05 microsecond. )
1.1.2.2.5.1.1  Reply preamble. The preamble shall consist of four pulses, cach with a duration
of 0.5 microsecond. The pulsc inlervals from the firs! transmiteed pulse lo the
second, third and fourth transmitted pulses shall be 1, 3.5 and 4.5 microseconds,
respectively.

1.1.225.1.2  Reply data puises. The reply data block shall begin 8 microsceonds after the
leading edge of the first transmilted pulsc. Either 36 or 112 one-microsecond bit
intervals shall be assigned to each transmission, A 0.5-microsecond pulse shait be
iransmitled either in the first or in the second half of cach interval, When a pulse
transmitled in the second hatf of one interval is followed by anothier pulse
transmitted in the first haif of the next interval, the two pulses merge and a one-
microsecond pulsc shall be transwitted.

1.1.22.5.2  Pulse amplitdes. The pulsc amplitude variation between oue pulse and any other
pulse in a Mode S reply shall not exceed 2 B,
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Mode S Data Structore
Dala Encoding

Interrogation data. The interroation data block shall consist of the sequence of 56
or 112 dala chips positioned after 1he data phase reversals within P6 {1.1.5.2.3). A
£80-degree carrier phase reversal preceding a chip shalt characterize that chip as a
binary ONE. The absence of a pteceding phase reversal shall denofe a binary
ZERQ.

Reply data. The reply data block shall consist of 55 or 112 data bits formed by
binary puise position modulation encoding of the reply data as described in
11.2.5.1.2. A pulse transmitted in the first half of the interval shall represent a
binary ONE whercas a pulse (ransmitted in the second half shatf represent a binary
ZERO,

Bit mumbering. The bits shall be nambered in the order of their (rsansmission,
beginning with bit . Unless otherwise staled, numerical values encoded by groups
(fields) of bits shall be encoded using positive binary notation and the first bit
{ransmitted shalt be the most significant bit (MSB), [nformation shall be coded in
fields whick consist of af fcast onc bif,

Note.— In the description of Mode S formats the decimal equivalent of the binary
code formed by the bit sequence within a field is used as the designator of the field
function or comman,

1.£.2.3.2  Formats of Mode S Interrogations and Replies

112321

Note— A summary of all Mode § interrogation and reply formafs is presented in
Figures (-7 and 1-8. A summary of aft fickls appearing in uplink and downlink
formas is given in Table [-1 and a summary of all subficlds is given in Tabic 144
itt Schedule 1.

Essential fields. ¥very Mode S transmission shall confain fwo essential Selds. One
is a descriplor which shall uniquely define the format of (he transmission. This
shall appear at the beginning of the transmission for ail formats, The descriptors
are designated by the UF {oplink format) or DF (downlink format) ficlds. The
second essential field shall be a 24-bit field appearing at the end of each
transmission ang shall contain parily information, In all uplink and in currently
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defined downlink formats parity information shall be overlaid either on the airctaft
address {1.1.2.4.1.2.3.1) or on the interrogator identilier according to 1.1.2.3.3.2.
The designaters are AP {address/parity) or P! (parity/interrogator identifier),

Note.— The remaining coding space is used to transmit the iission ficlds. Jor
specific functions, a specitic set of mission fields is determined. Mode S mission
fields have two-letter designators. Subfields may appear within mission fields.
Made § subficlds arc labelled with three-letier designators.

UF: Uplink fermat. This uplink format field (5 bits long except in tormat 24
where it is 2 bits long) shall serve as the uplink formai deseriptor in all Mode §
inferrogations and shall be coded according to Figure 1-7 in Schedule 1,

DF: Downlink format. This dewnlink format field (S bits long cxcept in format
24 where it is 2 bits long) shall serve as the downlink format descriptor in all
Modc S replies and shatl be ceded accarding to Figure 1-8 i Schedule 1.

AP: Addressiparity. This 24-bit (33-56 or 89-112) field shall appear in all uplink
and currently defined downlink formats except the Mode S-only all-cail reply,
DF = 11. The field shall contain parity overlaid on the aircraft address according
to 1.1.2.3.32.

PI: Parity/interrogator identifier. This 24-bit (33-56) cr (89-112) downlink fictd
shall have parity overlaid on the interrogator’s identity code according to
1.1.2.3.3.2 and shall appear in the Mode § all-call reply, DF = 11 and in the
extended squitier, DF = 17 or DF = 18. If the reply is made in response to a Mode
ASCSS all-call, a Mode S-only all-call with CL i ficld (1.5.2.1.3) and IC field
{1.5.2.1.2) equal to O or is an acquisition or an extended squitter (1.8.5, 1.8.6 or
1.8.7), the IT and the ST codes shali be 0.

DP: Data parify. This 24-bit (89-112) downlink [eld sball confain the parity
overlaid on a “Modified AA” field which is established by performing a modulo-
2 sununaiion {e.g. Exclusive-Or function) of (he discrefe address most significant
8 bits and BDS1, BDS2, where BDS1 (1.1.2,6.11.2.2) and BDS2 (1.1.2.6,11.2.3)
are provided by the “RR” {1.1.2.6.1.2) and “RRS” (1.1.2.6.1.4.1) as specified in
1.1.2,6,11.22and 1.1.2.6.11.2.3,

Example;

Discseto address ®  AAAA AA Hex = [0 1010 1010 10i@ (016 {010
BDS1,BDS2 = SFE000Hex = 0101 1Hl0 0OGO O0ODO 0000 0000
Discrelo address 9 B{OSLBEDSZHex = I QW01 010 1016 (0M 1010
“Modified AA" = TFSAAAAHex = 6 gigl 1010 1010 1010 10)0

whece “@" prescribes modudo-2 additfon



1.1.23.22

1.1.2323

112324

1.123.24.%

11233

112331

1123.3.11

1123312

The resuiting “Modified AA” field then represents the 24-bil sequence (al,
a2...a24) that shall be used to generate the DP field in accardance with paragraph
112332

Unassigned coding space. Unassigned coding space shall contain all ZEROs as
(ransmwilted by interrogators and (ransponders.

Note.— Cerlain coding space indicated as unassigned in this section is zeserved for
other applications such as Airborne Collision Aveidance System, dala link, etc.

Zero and wnassigned codes, A zero code assignment in afl defined fields shali
indicafe that no action is required by the field. In addition, codes not assigned
within the fields shalt indicate that no action is requited.

Note.— The provisions of 1.1.2.3.2.2 and 1.£.2.3.2.3 ensure thal future assignmenls
of previously unassigned coding space will not resull in ambiguity, That is, Mode S
equipment in which the new coding has not been implemented will clearly indicate
that no information is being fransmitled in newly assigned coding space.

Formats reserved for mifitary use. The Authority shall ensure that uplink formats
are only used for selectively addressed interrogations and Ihat transtnissions of
uplink or downlink formats do not exceed the RF power, interrogation rate, reply
rate and squilter rate requirenients of these regulations.

Throngh investigation and validation, the Authority shall ensuve that military
applications do nol unduly affect the existing 1 030/1 030 MHz civil aviation
operations enviropment.

Error Protection

Techuique. Parity check coding shall bz used wilhin Mode S infesrogations and
replies to provide profection against the occurrence of errors, .

Parity check sequence. A sequence of 24 parity check bits shall be generated by
the tule described in 1,1.2.3.1.2 and shall be incorporated into the field formed by
the fast 24 bits of all Mode S transimissions, The 24 parify check bits shall be
combined with cither the address coding ar the inlerrogator identifier coding as
described in 1.1,2,3.3.2. The resulting combination then forms either the AP
(addressfparily, 1.1.2.3.2.1.3) field or the PI (parityfinterrogator identifier,
1.1.2.3.2,1 4) field.

Parity check sequence generation, The sequence of 24 parity bits (py, pz, ...pae)
shall be generated from the sequence of information bits {my, my......my} where k



is 32 or 88 for short or long transmissions respectively. This shall be done by
rcans of a code generated by the polynomial -

Glg=tal e e e e o
e Rty Py By R

Whea by the application of binary polynomial afgebea, X[M(x)} is divided by
Gix) wheee the information sequence 4] is

s Mgk v st b+ A

the result is & quotient and a remainder Rfx} of degeee tess than 24. The bif sequence
formed by this remainder represents the pacity check sequence. Parity bit pi, for any i
feom 1 to 24, s the coefficient of x™* in Ry,

Note.— The effect of muitiplying M(x) by ™ is to append 24 ZERO bits to the end
of the sequence,

112332 AP and Pl field generation. Different address parity sequences shall be used for the
uplink and dowaliok.

Note— The uplink sequence is appropriate for a fransponder decoder
implementation. The downlink sequence facilitates the use of error comection in
downlink decoding.

The code wsed in uplink AP fietd generation shall be formed as specificd below from
cither the airerat address (1..2.4.1.2.3.1.1), the all-call address {1,1.24.1.2.3.1.2} or the
broadeast address (1.1.24.1.2.3.1.3),

The code used in downlink AP field generation shall be formed directly from the
sequence of 24 Mode S address bils {al, 62,..., a24), where af is the i+t bit feansniitted in
the aircraft address {AA} field of an all-call reply ([.1.2.5.2.2.2}. The code used in
downlink P1 field generation shall be formed by a sequence of 24 bils (a1, a2,..., 424),
where ihe first 17 bits are ZEROs, the next theee bits ace & replica of the code Jabel {CL)
field {1.1.2.5.2,1.3) and the last four bits are 2 teplica of (he interrogatar code {IC} field
{1.1.2.5.2.1.2).

Note.— The I code is not used in uplink transmissions.

A modificd sequence (b1, b2,.., 524} shall be used for uplink AP ficld generation, Bil b¢
is the coeflicient of X" in the polynomial GyJA(y), where:



A(X) = 314(3 + 3;112 4o+ 334
and Gfx) is as defined in 1.1.2.3.3.1.2.

In the airceadl address a; shall be the /-th bit transmitted in the AA Gield of an all-call
reply, In the alt-call and broadcast addresses ; shall equal 1 for ali vatves of'J.

1123321 Uplink transnission order. The sequence of bits iransmitted in the uplink AP
field is:

ks wihaedoa

where the bifs are numbered in order of (ransmission, starting with & + [,
In bglink (ransmissions -
bi=b® &

where “@” prescribes modulo-2 addition: 7 equals | is the first bit transmiitled in the AP
field.

1123322 Downlink transmission order. The sequence of bils tcansmitted in the downlink
AP and P field is:

firty Bade fang

where the bits are numbered it order of Iransmission, stating with & + 1. In dowalink
trausmissions:

hi=a®p

where “@” prescribes modulo-2 addition: i equals 1 is the first bit ransmitted in the AP or PL
field.

1124 General Interrogation-Reply Protocal

LE2AL Transponder transaction eycle. A teansponder transaction cycle shall begin when the
SSR Modz S transponder has recognized an interrogation. The transponder shall then
evaluate the interrogation and determine whether it shall be accepted. ¥ accepled, it
shall then process Ihe received interrogation and generate a reply, if appropriate. The
fransaction cycle shall end when ~

{a} any one of the necessary conditions far acceplance has not beet met; or
{b) an interrogation has been accepled and the transponder has either -



{i) completed the processing of the accepted interrogation if no reply is required,
or
(if) completed the transmission of a reply.

A new transponder transaction cycle shall nat begin until the previous cycle has ended.

112410 Itervogation recognifion. SSR Mode S transponders shall be capable of
recognizing the following distinct lypes of interrogations —

fa) Modes A and C;

(®) Intermode; and
{c) Mode S.

Note.— The recognition process is dependent upon the signal input level and the
specified dynamic range (1.10).

LI24.L1LL Mode A and Mode C interragation recognition. A Mode A or Mode C
interrogation shafl be recognized when a Pl — P3 pulse pair meeting the
requirements of 1.1.1.4 has been received, and the leading edge of a P4 pulse
with an amplitude that is greatcr than a fevel 6 dB helow the amplitude of £3 is
not received within the interval from 1.7 {o 2.3 microseconds following the
leading edge of P3, If a P — P2 suppression pair and a Mode A or Mode C
iicrrogation are recognized simultaneously, the transpoader shalk be suppressed.
An interrogation shall not be recognized as Mode A or Mode C if the transpender
is in suppression (1.4.2). If a Mode A and a Mode C inferrogation are racognized
simuifaneously the transponder shall complete the transaction cycle as if only a
Mode C interrogation had been recoguized.

1.1.2,4.1.1.2  Intermode interrogation recognition. An intermode interrogation shail be
recognized when a Pl — P3 - P4 pulse triplet nieeting the requirements of 1,1.5.1
is received. An interrogation shall not be recognized as an intermaode
interrogation if -
(a) the received amplitude of the pulse in the 4 position is smaller than 6 d3
below the amplitude of £3;

(b} the pulse interval between P3 and P4 is larger than 2.3 microseconds or
shorter than 1.7 microseconds; '

() the received amplitude of P1 and P3 is between MTL and - 45 dBm and the
pulse duration of 21 or £3 is less than 0.3 iicrosecond; or

{d) the transponder is in suppression,



11241013

Ha Pl - P2 suppression pair and 8 Mode A or Mode C intermode inferrogation
are recognized simultaneously the transponder shall be suppressed,

Mode S interrogation recognition. A Mode § interrogation shall be recognized
when a P6 pulse is received with a syne phase reversal within the inferval from
120 10 1.30 microseconds foitowing the leading cdge of P6, A Mode S
interrogation shall not be recognized if a sync phase reversat is net received
wilhin the inferval from 1.05 10 1.45 microseconds following the [eading edge of
PG,

112.4.1.2  Inferrogation acceptance. Recognilion according to 1,1.24.1 shall be a
prerequisite for acceptance of any interrogation.

112412}

1124122

1.124.1.2.2.1

11241222

1.1.24.123

(@

(b

Mode A and Mode C intervogotion acceptmice. Mode A and Mode C
interrogations shall be accepied when recognized (1.1.2.4,1.1.1).

Intermode interrogation acceptance

Mode A/C/S alf-call interrogation acceprance. A Mode A/CIS all-call
interrogation shall be accepted if the trailing edge of P4 is received within 3.45
to 3,75 microseconds foltowing fhe teading edge of P3 and no leckoul condition
(1.1.2.6.9) prevents acceptance. A Mode A/C/S all-call shafl not be accepied if
the trailing edge of 4 is received earlier than 3.3 or later than 4.2 microseconds
following the leading edge of P3, or if a lockout condition (1.1.2.6.9) prevents
aceeptance,

Mode A/C-only alf-call interragation weceptance. A Mode A/C-only all-call
inlerrogation shall not be accepted by a Mode S transponder.

Note. -~ The technical condition for non-acceptance of a Mode A/C-only all-call
is given in the preceding parageaph by the requirement for rejecting an intermods
inferrogation with 4 P4 pulse having a trailing edge following the leading edge of
P23 by less ihan 3.3 microseconds.

Mode § intervogation acceptance. A Mode S interrogation shall only be accepted
if -

the transponder is capable of processing the uplink format (UF) of the
interrogation;

the address of the interrogation matches one of the addresses as defined in
1.1.2,4,1.2.3.1 implying that parity is established, as defined in 1.1.2.3.3;



(¢} in the case of an all-call interrogation, no all-cali fockout condition applies, as
defined in [.1.2.6.9; and

{d) the transponder can process the uplinked dats of a long air-air surveiliance
(Airborne Collision Avoidance System) interrogation (UF-16) and presenting it at
an output interface as contained in 1.1.2.10.5.2.2.1.

Note.— A Mode § interrogation may be accepted if the conditions specitied in
1.1.24.1.2.3 a) and b} are met and the transponder is not capable of both
processing the uplinked data of a Comm-A interrogation (UF=2C and 21) and
preseiting it at an outpat interface as provided forin 1.1.2.10.5.2.2.1.

1.1.24.1.2.3.1

1.1.24.1.23.1.1

1.124.1.23.1.2

1.1.24.1.23.13

Addresses. Modc S interrogations shall contain cither —

{a) aircraft address; or
(&) the ali-call address; or
{c¢) the broadcast address,

Aircraft address. If the aircraft’s address is identical to the address extracted
from a received interrogation according to the procedure of 1.1.2.3.3.2 and
1.1.2,3.3.2.1, the extracted address shall be considered correct for purposes of
Mode S interrogation acceptance.

Alil-call address. A Mede S-only all-call interrogation (uplink format UF =
1) shall contain an address, designated the ail-call address, consisting of
twenty-four conscoutive ONEs. If the all-cafl address is extracted from a
received interrogation with format UF = 11 according to the procedure of
1.1.2,3.3.2 and 1.1.2.3.3.2.1, thc address shall be considercd correct for Mode
S-only all-call interrogation acceptance.

Broadeast address. To broadcast a message 1o all Mode S transponders
within the interrogator beam, a Mode $ interropation uplink format 20 or 21
shall be used and an address of twenty-four consecutive ONEs shall be
substituted for the aircraft address, If the UF code is 20 or 21 and this
broadeast address is extracted from g received interrogation according to the
procedure of 1.1,2.3.3.2 and 1.1.2.3,3.2.1, the address shall be considered
correct for Modc S breadeast interrogation accepiance,



Note.— Transponders associated with airbome collision avoidance systems
also accept a broadeast with UF = [6.

1.124.13  Transponder repifes. Modc § transponders shall transmit the following reply
types --

() Mode A and Mode C replies; and

(b} Mode S replies.

L1.24.1.30 Mode A and Mode C replies. A Mode A (Mode C) reply shali be transmitted as
specified in 1.1.1.6 when a Mode A (Mode C) interrogation has been accepted.

1,124,132  Mode S repfies. Replies to other than Mode A and Mode C interrogations shali be
Mode S replies.

11241321

1.12.4.132.2

1.£.24.13221

Replies to intermode inferrogations. A Mode S reply with downlink fonmat 11
shall be transmifted in accordance with the provisions of 1,12.5.2.2 when a
Mode A/C/S all-call inferrogation has been accepted.

Nole.— Since Mode S {ransponders do not accept Mode A/C-only ali-call
interrogations, no reply is generated,

Repliey to Mode S interrogations. The infoanation content of a Mode § reply
shall reflect the conditions existing in the transponder afler completion of all
processing of the interrogation chiciting thal reply. The correspondence
between uplink and downlink formats shali be as summarized in Table 1-5
provided in Schedule 1.

Note.— Four catcgorics of Modc S replics may be transinitted in response to
Mode S interrogations ~

{a) Mode S all-call replies (DF = 11);

(b) surveillance and standard-fength communications replies (DF = 4, 5, 20
and 21);

(c) exiended length communications replics (DF = 24); and

(d) air-air surveillance replies (DF = 0 and 16).

Replies fo SSR Mode S-only ali-call interrogations, The downlink format of
the reply to a Mode S-only ali-call interrogation (if required) shall be DF =



11, The reply centent and niles for determiiting the requirement to repfy shail
be as defined in 1.1.2.5.

Note— A Mede S reply may or may not he transmitted when a Mode 8
interrogation: with UF = 11 ltas been accepted.

1.1.24.1.3.222 Replies to surveillance and stondard-length communications interrogations.

A Mode S reply shall be transmitted when a Mode S interrogation with UF =
4,5, 20 or 21 and an aircraft address has been accepied. The contents of these
interrogations and replies shall be as defined in 1.1.2.6.

Note.— Ifa Mode S interrogation with UF = 20-or 21 and a broadeast address
is accepted, no reply is transmitted (1.1.2.4.1.2.3.1.3}.

1.124.13.2.23  Replies o extended length communications interrogations. A series of Mode

S replies ranging in number from 0 to 16 shall be teansmitted when a Mode S
interrogation with UF = 24 has been accepted. The downlink format of the
reply (if any} shall be DF = 24, Protocols defining the muuber and content of
the replies shail be as defined in 1.1.2.7. :

1.124.1.3.224 Replies 1o air-air surveillance interrogations. A Mode § reply shall be

1.1242

L1242l

112422

transmitted when a Mode S interrogation with UF =0 and an aircraft address
has been accepted. The contents of tiese interrogations and replies shall be as

defined in 1.1.2.3,.
SUPPRESSION
Effects of suppression. A transponder in suppression {L.[.£.7.4) shall not recognize

Vode A, Mode € or intermode interrogalions if either the 1 pulse alone or both
the Pt and P3:pulses of the interrogation are received during the suppression
interval. Suppression shall not affect the recognition of, acceptance of, ot replies to
Mode S interrogations.

Suppression pairs, The two-pulse Mode A/C suppression pair defined in
1.1.1.7.4.1 shall initiate suppression in & Mode S transponder regardless of ihe
position of the pulse pair in a group of pulses, provided the transponder is not
already suppressed or in a transaction cyele.

Note~ The PJ - P4 pair of the Mode A/C-only af-call i:i(errogaﬁon both prevents a
reply and initiates suppression, Likewise, the Pl - P2 preamble of a Mode S
interrogation initiatcs suppression independently of the waveform that foilows it.

1.12.4.2.3 Suppression in presence of §1 pulse shall be as defined in 1.1.1.7.4.3.

1.1.2.5 INTERMODE AND MODE S ALL-CALL TRANSACTIONS



1.1.2.5.1 [ntermode Transactions

Note.— Infernode transactions permit the sueveillance of Mode A/C-only aircraft
and the acquisition of Mode S aircralt, The Mode A/C/S alt-call interrogation allows
Maode A/C-only and Mode S fransponders fo be intemogated by (he same
(ransmissions. The Mede A/C-only all-call interrogation makes it possible to elicit
replics only [rom Mode A/C transponders. In mullisite scenarios, the infereogalor
must fransmil its identifier code in the Mode S only all-call interrogation. Fhus, a
pair of Mode S-only and Mode A/C-only all-call interrogations are used. The
intermade injerrogations are defined in 1.1.2.5.1 and (he commesponding intermogation-
reply protocols are defined in 11,2 4.

11,252 MODE S-ONLY AU-Call Teansactions

Note.— These Iransactions allow the ground to acquirc Mode S aireraft by use of ant
interrogation addressed to alt Mode S-equipped aircralt. The reply is via downlink
format {1 which retums the aircralt address. The interrogalion-reply protacols are
defined in 1.1.24

1.1.2.5.2.1 Mode S-only all-call interrogation, uptink format 1]

1 8 R TR Y SR
| U i R | c I al | j AP ]
6 T

The formas of this interragation shall censist of these fields:

Field  Referesice
UF uplink forniat 312321
PR probability of roply 31252L)
1 intenfogator code 3125212
CL code labe! 3125280
spare — 16 bits

AP address/panity 3123213

[

1125211 PR: Probabilily of reply. This 4-bit (6-9) uplink field shall contain commands to
the transponder specifying the probabilily of reply to that interrogation
(1.1.2.5.4}. Codes are as follows -



significs reply with probability of 1
stgnifies reply with probability of 1/2
signifies reply with probabiltty of 1/4
signifes reply with probabihity of 1/8
signifles reply with probabliity of 1/16
.7 notassigned
signiles disregand lockout, reply with probability of 1
stgnifies disregard lockout, reply with probabifity of 1/2
10 signifes disregard lockow, reply with probability of 1/4
11 signlfes disregard lockout, reply with probabllity of 1/8
12 signifies disregard lockout, reply with probability of 1716
13,14, 15 not assipned.

o
OO0 €3 abe LD D e D

1.1.2.5.2.1.2  IC: Interrogator code. This 4-bit {10-13) uplink field shall contain either the 4-bit
interrogator identifier code (1.1,2.5.2.1.2.3) or the lower 4 bits of the 6-bit
surveillance identifier code (1.1.2.5.2.1,2.4) depending on the value of the CL
field (1.1.2.5.2.1.3).

1.1.2.52.1.2.1  An interrogator shall operate using a single inferrogator code.

1.12.52.1.2.2  The use of nndtiple interrogator codes by one interrogator. An interrogator
shall not interleave Mode S-only all-call interrogations using different
interrogator codes.

Note.— An explanation of RF intcrference issues, sector size and impact on data
link transactions is presented in the Aeronautical Surveillance Manual (ICAO Doc
9924).

1.1.2.5.2.12.3  II: Intervogator identifier. This 4-bit value shall defime an interrogator
identifier (I1) code. These 11 codes shall be assigned 10 interrogators in the
range from O to 15, The 1I code value of 0 shall only be used for
supplementary acquisition in conjunction with acquisition based on lockout
override (1.1.2.5.2.1.4 and 1.1.2,5.2.1.5), When twa I codes are assighed to
one inferrogator only, one 1] code shall be used for full duta link purposes.

Note.— Limited data link activity including single segment Comun-A, uplink
and downlink broadcast protocols and GICB extraclion may be performed by
both 1T codes.

1.1.2.52.124  Si: Swrveillance identifier. This 6-bit value shall defice a surveillance
identifier {SI) code. These S codes shall be assigned to interrogators in the
range from | to 63, The SI cade value of O shall hot be used, The SI codes



siall be used with The multisite lockout protocals (1.1.2.6.9.1). The SI codes
shall not be wsed with the multisite communications protocols (1.1.2.6.11.3.2,
L1274 0r 1.1.22.7).

11025213 CL: Code label. This 3-bit {14-16) uplink tield shall define the contents of the IC

1.125.2.13.1

field.

Codlng (in bloary}

000 siguifies that the 1C feld contatns the 1 code

00f  signifiesihat the 1C Reld condatns S1 codes 1 to {5
016 signifles Uiat the IC Neld contalns St codes 16103
Bil  signifies that the IC fleld contalns ST codes 32 1o 47
160 stpnifics that he IC feld contatns SY codes 48 lo 63

The other values of the CL ficld shall not be used.

Surveillance identifier (81) code capability report. Transponders which process
the SI codes {1.1.2.5.2.1.2.4) shall report this capabilily by setfing bit 35 to 1
in the sueveillance identifier capability (SIC) subfield of the MB field of the
data Jink capability report {1.1.2.6.10.2.2}.

1.1.25.2.1.4  Operation based on fockomt override

1.125.2.141

(@
()
(c)

Note L.— The Mode S-only ali-cali lockowl overtide provides (he basis for
acquisition of Mode S aircraft for interrogators that have not been assigned a
wnique 1C (I or 81 code) for foll Mode S operation (protected acquisition by
cnsuring (Bt no other inlerrogator on the same IC can Teck nut the target in (he
$aMe coverage avea),

Note 2. -- Lockout overide is possible using any inferrogator code,

Maximum Mode S-omly off-calt interrogation rate. The maximum rate of Mode
S-only all-call interrogations made by an interrogator using acquisition based
on lockout override shatl depend on the reply probabilily as follows ~

for a reply probabitity equal to 1.0 the smaller of 3 iaterrogations per 3 dB
beam dwell or 30 interrogations per second;

for a reply probability equal to 0.5: the smaller of § intemogations per 3 dB
beam dwell or 60 inlerrogations per second; and

for a reply probability equal to 0,25 or less: the smaller of 10 infervogations per
3 dB beam dwell or 125 interrogations per second.

Note.  These limits have been defined in order (o minimize the RF pollution
gencrated by such a method while keeping a minimum of rephies to allow
acquisition of aircraf} within a beam dwell,



1,1.252.142

1.1.25.2.14.3

1.1.252.1.44

Passive acquisition without using atl-call interrogations shall be used in the
place of lockout override,

Note.— The Aeronautical Surveiliance Manual (Dac 9924) provides guidance on
different passive acquisition methods.

Field comtent for a selectively addressed intervogation ysed by an interrogator
without an assigned inferrogator code. An interrogator that fias not been
assigned with a unique discreie interrogator code and is authorized to ransmit
shall use the IT code O to perform the selective interrogations. In this case,
selectively addressed interrogations used in connection with acquisition using
lockout override shall have interrogation field contents restricied as follows:

UF = 4,5,20 0r21

rc = 0

DI = 7

m = 0

108 = 0 except as specified in 1.1.2.5.2.1.5
™S = 0

An interrogator that has not been assigned with a unique discrete interrogator
code and is authorized to {ransiit using II code O shall not attempt to extract
air-initiated Conun-B message announced by DR =i or 3.

Note.— These restrictions permit sutveillance transaction, GICB transaction
and Comm-B broadeast extraction, but prevent the interrogation from making
any changes to transponder multisite lockout or communications pratocol
slates.

1.1.2.5.2,1.5 Supplementary acquisition using I equals 0

Note 1,— The acquisition technique defined in 1.1.2,5.2,1.4 provides rapid
acquisition for most aircraft. Duc to the probabilistic nature of the process, it may
take many intcrrogations to acquire the last aircrafl of a large set of aircrafl in the
same beam dwell and near the same range (termed a local garble zone).
Acquisition performance is greatly improved for the acquisition of these aircraft
through the use of limited selective lockout using IT equals G,

Note 2.— Supplementary acquisition consists of locking out acquircd aircraft to
11={ followed by acquisition by means of the Mode S-only all-call interrogation
with 1[=0. Only the aircraft not yot acquired and not yet locked-out will reply
resulting ir: an easier acquisition.



[.L1.252.1.5.1

1.L252,15.1

11252152

1.1.2.5.215.2.

11.2.52.15.2,

1.1.2.52.2

Lockout within 2 beam dwell

4 When 51 equals O fockout is used fo supplement acquisition, all aireraft

within the beam dwell of the aiveraft being acquircd shall be commanded to
lock out 10 [1 equals 0, nof just those in the garble zone.

Note. Lockeul of atl aircraft in the beam dwell will reduce the amownt of
all-call fruit replies generated 1o the I equals Q all-call interrogations.

Duration of lockout

1 Interrogators performing supplementary acquisition using 1 equals 0 shall
perfomi acquisition by transmitting a lockout command for ro more than two
conseculive scans to each of the aircraft alteady acquired in the beam dwell
containing the garble zone and shall not repeat it before 48 seconds have
clapsed.

Note.— Minimizing the lockout time reduces the probability of conflict with
the acquisition activitics of a neighbouring mlcm)gator that is also using [
equals O for supplementary acquisition.

2 Mode S only allcall interrogations with  11=0 for the purpose of
supplementary acquisition shall take place within a garble zone over no more
(han two consecutive scans or o maximuan of 18 seconds,

All-call reply, downlink format 11

1 8 9 kY
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The reply to the Mode S-only ali-call or the Mode A/C/S afi-call interrogation
shall be the Mode S all-call reply, downlink format 11. The formal of 1his reply
shall consist of these fields:

Fteld

DF dowalink format
CA capabllity
AA address ansiounced
- P1 panity/interrogator identifler



1.1.2.5.22.1 CA: Capability. This 3-bit (6-8) downlink field shall convey information on the
transponder level, the additional information below, and shall be used in formats
DF=1fand DF=17.

Coding

0  signifies Level 1 transponder (surveillance only), and no
ability to set CA code 7 and either airborne or on the
ground

reserved

reserved

reserved

signifies Level 2 or above transponder and ability to set

CA cods 7 and on the ground

5 signifies Level 2 or above transponder and ability to set
CA code 7 and airbome

6  signifies Level 2 or above transponder and ability to set

CA code 7 and either airborne or on the ground

7  signifies the DR field is ot equal to @ or the FS field
equals 2, 3, 4 or 5, and either aitborme or on the ground

N T

When the conditions for CA code 7 are not satistied, aircraft with Level 2 or above

transponders —

() that do not have automatic means to sct the on-the-ground condition shall use CA
code 6;

(b} with automatic on-the-ground determination shall use CA code 4 when on the ground
and 5 when airborne; and

Data {ink capability reports (1.1,2.6,10.2.2) shall be available from aircraft installations

that sct CA code 4, 5,6 or 7.

Note.— CA codes 1 o 3 are reserved to maintain backward compatibility.

1125222 Ad: Address amounced. This 24-bit (9-32) downlink field shall contain the
aircraft address which provides unambiguous identification of the aircraft,

1.1.2.5.3  Lockout protocol. The all-call lockout protocol defined in [,1,2.6.9 shall be used by
the interrogator with respect to an aircraft once the address of that specific aireraft
has been acquired by an interrogater provided that:

(@)  the interrogator is using an IC code different from zero, and
(b)  the aircraft is located in an area where the interrogator is authorized to use
lockout,



Note 1.— Following acquisition, a transponder is interrogated by discrefely
addressed interrogations as determined in 11,26, 1,1.2.7 and 1.1.2.8 and the all-
call lockowt protocol is used 1o inhibit replics to further all-cal interrogations,

Note 2.--- Regionat IC allocation bodies may define rules limiting the use of
selective inferrogalion and Jockout protocel (e.g. 1to lockout in defined limited area,
use of intermiltent lockout in defined areas, and no lockout of aircraft not yet
equipped with S1 code capability).

L1254  Stochastic all-call prolocol. The transpender shall execate a random process upon

1.1.2.6

acceptance of a Mode S-only all-call with a PR code equal o 1 to 4 or 9 to 12. A
decision to reply shall be made in accordance with the probability specified in the
interrogation. A transponder shalt not reply if a PR code equal to 5, 6, 7, 13, 14 or {5
is received (1.1.2.5.2.1.1},

Note— The random occurrence of replies makes it possible for the interrogator to
acquire closely spaced aireraft, replies from which would otherwise synchronously
garble each other.

ADDRESSED SURVEILLANCE AND STANDARD-LENGTH
COMMUNICATION TRANSACTIONS

Note 1. — The interrogations described in this section are addressed to specific
atrcrafl. There are two basic interrogation and reply types, short and long. ‘Fhe short
interrogations and teplics arc UF 4 and § and DF 4 and S, while the long
interrogations and replics are UF 20 and 21 and DF 20 and 21.

Note 2— The communications protocols are given in 1.1.2.6,11. These protocols
describs the control of the data exchange.

1.1.2.6,1SURVEILLANCE, ALTITUDE REQUEST, UPLINK FORMAT 4

1 5 5 1 N 3
AR
5 ST I 2 5

The format of this interrogation shall consist of these fields:



Freld

UF uptink format -

PC pratocol

RR reply request

D1 designator jdentificatlon
SD spectal designator

AP address/parlly

1.12.6.1.1  PC: Protocol. This 3-bit, (6-8) uplink field shall contain operating comtmands to the
transponder. The PC figld shall be ignored for the processing of surveillance or
Comm-A interrogations containing DI'=3 (1.1.2.6.1.4.1).

Coding
] sighifies no action
1 signifies non-setective all-call Jockout
2 not assigned
3 not assigned .
4 signifies close out Comm-B
S signifies close out uplink
6 signifies close out downlink
7 not assigned

1.1.2.6.1.2  RR: Reply requesi. This 5-bit, (9-13) uplink field shall command the length and
content of a requested reply, The last four bits of the $-bit RR code, transformed
into their decimal equivalent, shall designate the BDS1 code of the requested
Comm-B message if the most significant bit (MSB) of the RR code is | (RR is
equal fo or greater than 16),

Coding

1R = 0-15 shall be used to request a reply with surveiliance format (DF — 4
or 5);

RR = 16-31 shall be used o request a reply with Comm-B format (DF = 20
or2l);

RR = 16 shall be used to request transinission of an air-initiated Cormn.B
message according to 1.1.2.6,11.3 or ta request the extraclion ofa
Comm-B broadcast message according to 1.1.2.6.11.4;

RR = 17 shall be used te request a data link capabilily report according to
1.1.2.6.10.2.2;

RR = 18 shall be used to request aircraft identification according to 1,1.2.9;

19 - 31 are not assigned in Part 111 of these Regulations.



Nole— Codes 19-31 are reserved for applications such as data link
communications, Airborne Collision Avoidance Sysiems (Airborne Collision
Avoidance System), elc.

L12.6,L.3  Di: Designaror identification, This 3-bit (14-16) uplink field shall identify the
structare of the SD field (1.1.2.6.1.4).
Coding
0 significs 8D not assigned except for {IS
1 significs SD contains multisite and communications control information
2 signifies SD contains control data for extended squitter
3 signifies SD contains SI multisite logkout, broadcast and GICB control
information
4-6  signifies 8D not assigned
7 signifies 8D cantains extended dala readout request, multisite and

comtmunications control information.

SD: Special designator. This 16-bit (17-32) uplink field shall contain control codes

1.1.2.6.14
which depend on the coding in the DI feld.
Note.— The special designator (SD) field is provided to accomplish the transfer of
muitisite, lockout and communications control information from the ground station
to the transpender.
DICODE SD FIELD STRUCTURE
2%
0 l s l i
20 2
17 21 23 26 27 29
1 | us [ MBS } MES I LOS l RSS I TMS I
20 22 25 28 32
17 21 24 27 2%
2 [ | TCS l RCS I SAS l ’

20 23 26 8 ' 32



7 23 24 28

3 | SIS I LSS | RRS | l
2 21 2

1 20 2 2 21 23
? | S [ RRS | i 10s i ] ™S |
P A 28 2

1.1.2.6.1.4.1 Subfieids in §D. The SD ficld shall contain information as follows —

(@ IfDI=0,10r 7
118, the 4-bit (17-20) inferrogator identifier subficld shail contain an assigned identifier
code of the interrogator (1.1.2.5.2.1,2.3);

(b} IfDI =0
bits 21-12 are not assigued;

{©) IfNI=1
MBS, the 2-bit (21, 22) multisite Comm-B subfield shall have the following codes:

signifies no Comm-B action

signifies air-initiated Comm-B reservation request (1.1.2.6.11.3.1)
signifies Comsn-B closeout (1.1.2.6.11.3.2.3)

not assigned.

WM -

MES, the 3-bit (23-25) multisitc ELM subficld shall cantain reservation and closeout
commands for ELM as follows:

signifies no BLM action

signifies uplink ELM rescrvation request (1.1.2.7.4.1)

signifies uplink ELM closeout (1.1.2.7.4.2.8)

signifies downlink ELM reservation reguest (1.1.2.7.7.1.1)

signifies downlink ELM closcout (1.1.2.7.7.3}

signities uplink ELM reservation request and downlink ELM closeout
signifies uplink ELM closeout and downlink ELM reservation request
signifies nplink ELM and downlink ELM closeouts.

L I - Y T S

RSS, the 2-bit (27, 28) reservation siatus subfield shall request the transponder to report
its reservation status in the UM field, The following codes have been assigned:

G  siguifies no request



1 signifies report Comm-B reservation status in UM
2 signiftes report uplink ELM reservation status in UM
3 significs report downlink ELM reservation slatus in EIM;

(@ 1EDl=10r 7.
LOS, the [-bit (26) lockout subfield, if set to {, shall signify a multisite lockout command
from the inferrogator indicated in 11S. LOS set to 0, shafl be vsed to signify that no

change in Jockout stale is commanded.

TMS, the 4-bit, (29-32) tactical message subfield shall contain communications control
information used by the data link avionics;

(¢} IFDI="T:

RRS, the 4-bit (21-24) reply request subfield in SD shall give the BDS2 cade of a
requested Comm-B reply,

Bits 25, 27 and 28 are not assigied;
() I(DI=2:

TCS, the 3-bit {21-23) type control subfield in SD shall control the on-the-ground status
reported by the transponder,

The following codes have been assigned;

signifies no on-the-ground status command

signifies set and report the on-the-ground status for the next 1S seconds
signiftes set and report the on-the-ground status for the next 60 seconds
signifies cancel the on-the-ground command 4-7 not assigned.

WD — D

The transponder shall be able to accept a new command to set or cancel the on-the-
ground status even though a prior command has nol yet timed out.

Note— Cancellation of the on-the-ground stalus command signifies that the
determination of the verticat status reverls to the aircraft technique for this purpose. It
does nol signify a command to change to the vertical status.

RCS, the 3-bit (24-26) rate control subfield in SD shall control the squilter rale of the
transponder when it is reporting the surface format. This subfield shall have no effect on
the transponder squitter rate when it is reporting the airborne position type. The follewing
codes have been assigned:

0 significs no surfice position extended squitter rate command
i signifies report high surface position extended squitter rate for 60 seconds



significs report low surface position extended squilter rate for 60 seconds

signifies suppress all surface position extended squitters for 60 scconds

signifies suppress all surface position extended squitters for 120 seconds
-7 not assigned.

[V R S ER R S

Note 1.— The definition of high and low squitter rates is given in 1.1.2.8.6.4.3.

Note 2.— As stated in 1.1.2.8,5.2 d), acquisition squitters are transmitted when surface
position extended squitters are suppressed by using RCS=3 or 4. .

SAS, the 2-bit {27-28) surface aitenna subfield in SD shall control the selection of the
transponder diversity antenna that is used for {1) the extended squitter when the
transponder is reporting the surface format, and {2) the acquisition squitter when the
transponder is reporting the on-the-ground status. This subfield shall have no effect on the
transponder diversily antenna selection when it is reporting the airborne status. The
following codes have been assigned:

signifies no antenna command

signifies alternate top and bottom antennas for 120 seconds
signifies use boftomn antenna for 120 seconds

signifies retarn to the default,

W N = O

Note.— The top antenna is the default condition (1.1.2.8.6.5).
(g} FD1=13:

SIS, the 6-bit (17-22) surveillance identifier subfield in SD shall contain an assigned
surveillance identifier code of the interrogator {1.1.2.5.2.1.2.4},

LSS, the 1-bit (23) lockout surveillance subfield, if set to 1, shall signify a multisite
lockout command from the inlerrogator indicated in SIS. If set §o 0, LSS shall signify that
no change in lockout state is commanded.

RRS, the 4-bit (24-27) reply request subfield in SD shall contain the BDS2 code of a
requested GICB register, Bits 28 to 32 are not assigned.

h) If D=4, 5 or 6 then the SD field has no meaning and shall not impact other transaction
cycle protocols, These DI codes remain reserved until future assignment of the SD field.
Y IFDI=0,3 0r 7: '

In addition to the requirements provided above, the “SD” shall contain the (ollowing:
“OVC™: The I-hit (bit 2R) “overtay control™ subfield in “SD" is used by the interrogator
to cominand that the data parity (“DP” 1.3.2,1.5) be overlaid upon the resulting reply to
the interrogation in accordance with paragraph 1.1.2.6.11.2.5,



1126142 TCS subfield egual to one (1) in the 8D field for extended squitters. When the
TCS subtteld in Ihe SD field is set equal to one (1), it shall signify the following

fa) broadeast of ihe extended squilter surface formats, including the surfice position message
(1.1.2.8.64.3), the identificalion wnd calegory message (1.1.2.8.6.4.4), the aircroft
operational slatus message (1.1.2.8.6,4.6) and the aircrafl staivs message (1.8.64.6) for
the next 15 seconds at the appropriate rates on the lop antenna for aircraft systems having
the anfenna diversity capability, except if otherwise specified by SAS (1.1.2.6.14.1 f));

(B} inhibil replies (o Mode A/C, Mode A/CYS ail-calt and Mode S-only all-call interrogations
for the next 15 seconds;

(e) broadcast of acquisilion squilters as per 1.8.5 using antenna as specificd in 1.12853 a);
{d) does not impact the air/ground state reported via the CA, FS and VS fields;
(e} discontinue broadeast of the extended squitter aitbome message formats; and

() broadeast of the extended squitier surfacé formats ‘at the rates according ta the TRS

subfield unless commanded to transmit at 1lse rades set by the RCS subfieidl.
1.1.2.6.1.43  TCS subfield equal fo two (2} in the SD field for extended squitters. When the
TCS subfieid in the SD ficld is set cqual to two (2), it shall signify the following

{a) broadcast of the exlended squilter surface formats, ineluding the surface position message
{1.1.28,6.4.3), the identification and category message {1.8.6.44), the aircraft
operalional stalus message (1.8.6.4.6) and the aircraft status message (1.8.6.4.6) for the
nexd 60 seconds at ihe appropriate rates on the top antenna for aircraft systems having the
antenna diversity capability, except if otherwise specified by SAS (1.1.2.6.1.4.1 ();

(%) inhibit replies to Mode A/C, Mode A/C/S all-call and Mode S-only all-call inferrogations
for the next 60 seconds;

{c) broadcast of acquisition squitters as per 1.8.5 using antenna as specified in 1.1.2.8.5.3

@, '
{d) does not impact the air/ground state reported via lhe CA, ES and V'S ficids;
{e) discontinue broadenst of the extended squitter ajtbome message formats; and

(i} broadcast of the extended squitler surface formats at the rates according to the TRS
subfield unless commanded to transinif at the rates set by the RCS subfield.



1.1.2.6.t.5 PC and 8D field processing. When D1 = 1, PC fietd processing shall be completed

before processing the SI field,

1.1.2.62COMM-A ALTITUDE REQUEST, UPLINK FORMAT 20
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The format of this interrogation shall consist of thesc fields:

Field

UF uplink format
PC protocol
RR reply request

DI desigaator identification '

SD special designator
MA message, Comm-A
AP addressfparity

Refercnce

1.1232.1.1
1.126.1.1
1.1.2.6.1.2
1.1.2.6.1.3
1.1.2.6.14
1.1.2.6.2.1
1.1.23.2.13

112621 MA: Message, Comm-A. This 56-bit (33-88) field shall contain a data link message

to the aircraft.

1.1.2,6.3 SURVEILLANCE IDENTITY REQUEST, UPLINK FORMAT §

1 & 3 14

" 33
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The formal of this interrogation shall consist of these fields:

Ficld

UE uplink format

PC profocol

RR reply request

i3I designalor identification
SD special designalor

AP address/parity

Reference

11232101
1.126.11
1.0.26.12
112613
1.1.2.6.14
1.1.232.13



1.1.2.6.4 COMM-A IDENTITY REQUEST, UPLINK FORMAT 21
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The format of this inlerrogation shall consist of these fields:

Field Reference

UF uplink format 1.1.23.2.1.1
PC protocol 1.1.2,6.1.1
KR reply request 1.1.2,6.12
DI designator idenfification 1.1.2.6.1.3
SD special designator 1.1.2.6.14
MA message, Comim-A 1.1.2.6.2.1
AP address/parity 1.1.2.32.1.3

L1.2.6.5S8URVEILLANCE ALTITUDE REPLY, DOWNLINK FORMAT 4

1 ] 9 14 20 13
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This reply shall be generated in response to an interrogation UF 4 or 20 with an RR field vafue
fess than 16, The format of this reply shall consist of these fields:

Field Refcrence
DF downlink format 1.123.2.1.2
FS flight staws 1.1.26.5.1
DR dowalink request 1.1.2.6.5.2
UM ulility message 1.12.6.5.3
AC altitude code 1.1.2654
Address/parity 1123213

LL2.6.5.t  FS: Flight stams. This 3-bit {6-8) downlink field shall contain the following
information —



Coding

sighifics no alest and no SPJ, aircraf} is airtbome

significs no alert and no SPI, aircrafl is on the ground

siguifies alert, no SPI, aircraft is airborne

signifies aler(, no SPI, aircraft is on the ground

signifies alext and SPI, aireraft is airborne or on the ground
signifies no alert and SPIL, aircraft is aitbome or on the ground 6
reserved

7 not assigned

UL oh W - O

Note.— The conditions which cause an alert are givenin 1.1.2.6.10.1.1.

1.1.2.6.5.2 DR: Downlink request. This 5-bit (9-13) downlink field shall contain requests to

downlink information.
Coding
0 signifies no downlink reguest
{ signifies request to send Comin-B message
2 reserved for ACAS
3 reserved for ACAS
4 signifies Comm-B broadcast message 1 available
5 signifies Comm-B broadcast message 2 available
6 reserved for ACAS
7 reserved for ACAS
8-15 not assigned
16-31 sec downlink ELM protacol (1.1.2.7.7.1}

Codes 1-15 shall take precedence over codes 16-31.
Note— Giving precedence to codes 1-15 permits the announcement of a Comm-B

message to interrupt the announcement of a downlink ELM. This gives priorily to the
announcement of the shorter essage.

1.1.2.6.5.3  UM: Ulility message. This 6-bit {14-19) downlink field shall cotain transponder
communications status information as specified in 1,1,2.6.1.4.1 and 1.1.2.6.5.3.1.

11.26.5.3.1 Subfields in UM for multisite protocols

UM FIELD STRUCTURE



14 18
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The foliowing subfields shall be inserted by the transponder into the UM field of the reply if a
surveitlance or Comny-A inlerrogation {UF equals 4, 5, 20, 21) contains DI = | and RSS olher
than 0

11S: The 4-bit (14-17) interrogalor identificr subfield reports the identifier of (he interrogator that -
is reserved for multisite communications,

IDS: The 2-bit (18, 19) identifier designator subfield reports (he type of reservation made by the
interrogator identified in S,

Assigned coding is:

0 signifies no information

1 signifies IIS containg Comm-B II code
2 signifies IIS confains Comm-C II code
3 signifies IIS conlaing Comm-D [I code.

{.1.265.3.2  Muliisife reservation staius. The inferrogator identifier of the ground station
currently reserved for muftisite Comm-B delivery (1.1.2.6.11.3.1) shall be
transmilled in (he 1S subfield together with code | in the IDS subficld if the UM
content is not specified by the interrogation (when DI =0 or 7, or when DI = |
and RSS = 0).

The interrogaior identifier of the ground station currently reserved for downlink ELM delivety

(1,1.2.7.6,1), if any, shall be transmitted in the 1S subficld {ogether with code 3 in the 1DS

subfield if the UM content is not specified by the interrogation and there is no current Connn-3

reservation.

112,654 AC: Altitude code. This 13-bit (20-32) field shail contain altitude coded as follows

{) Bit 26 is designated as the M bit and shall be ¢ if (he altitude is reported in feet. M equals
I shali be reserved to indicate that the altitude reporting is in metric units;

(b) If M equals 0, then bil 28 is designated as the Q bit. Q equals 0 shall be used to indicate
that the altitude is reported in -foot increments. Q equals | shall be used to mdicate that
the altitude is reported in 25-foot increments;

fc) If the M bit (bil 26) and the G bit (bit 28) equal 0, the altitude shail be coded according to
the patiern for Mode C replies of .1.2.12.2.3. Starting with bit 20 the sequence shall be
Cl, Al,C2, A2, T4, A4, ZERO, BI, ZERO, B2, D2, B4, D4;



() If the M bit equals 0 and the Q bit equals 1, the 11-bit field represented by bits 20 to 25,
27 and 29 to 32 shall represent a binary coded field with a least significant bit (LSB) of
25 ft. The binary value of the positive decimal integer “N” shall be encoded to report
pressure-altitude in the range [(25 N - 1 000) plus or miinus (2.5 ft). The cading of
1.1.2.6.5.4 (c}jshail be used to report pressure-altitude above 50 187.5 fi.

Note 1.— This cading methad is only able to provide values between minus 1 000 ft and
plus 50 175 ft.

Note 2.— The most significant bit (MSB}) of this field is bit 20 as required by {.1.2.3.1.3,

fe) 1f the M bit equals 1, the 12-bit field represented by bits 20 to 25 and 27 to 31 shall be
reserved for encoding altitude in metric units; and

@) O shall be transmitted in each of the 13 bits of the AC field if altitude information is not
available or if the altitude has been detenmined invalid.

1,1.2.6.6 COMM-B ALTITUDE REPLY, DOWNLINK FORMAT 20
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This reply shall be generated in response to an interrogation UF 4 or 26 with an RR field value
greater than 15. The format of this reply shall consist of these fields:

Fleld Reference
DF downlink format 1.1.23.2,1.2
FS flight status 1.1.2,6.5.1
DR downlink request 1.12,6.5.2
UM nutility message 1.1.2.6,53
AC altitude code 1.1.2.654
MB message, Comm-B 1.1.2.6.6.1
Address/parity £1232.13

1.1.26.6.1 MB! Message, Commn-B. This 56-bit (33-88) downlink field shall be used to
transmit data Jink messages to the ground.

1.1.2.6.7 SURVEILLANCE IBENTITY REPLY, DOWNLINK EORMAT 5
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This reply shall be generated in response to an inferrogation UF 5 or 21 with an RR field vatue
less than 16. The format of this reply shall consist of these fields:

Field

DF downlink format
FS flight status

DR downlink request
UM utility message
ID identity
Address/patity

1.1.2.6.7.1

Reference

1.1.23.21.2
1.1.2.6.5.1
11.2.6,5.2
1.1.2.6.5.3
1.1.2.6,7.1
11.2.3.213

1 Identity (Mode 4 code). This 13-bit (20-32) field shall contain aireraft identity

code, in accordance with the pattem for Made A replies in 1.1.1.6 Starting with
bil 20, the scquence shall be Cl, Al, C2, A2, C4, A4, ZERQ, B1, DI, B2, 132, B4,

D4.
[.12.68 COMM-BIDENTITY REPLY, DOWNLINK FORMAT 21
3 6 g 14 20 3 89
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This reply shall be generated in response 10 an interrogation UF 5 or 21 with an RR field value
greater than 15, The format of this reply shall consist of these fietds:

Field

D¥F downlink format
FS flight status

DR downlink rcquest
UM utility message

1D Identity

MB message, Comm-B
Address/parity

1.1.2.6.9 LOCKOQUT PROTOCOLS

Reference

1.123.2.1.2
1.1.2.6.5.1
1.1.2,6.5.2
1.1.2.65.3
1.1.2,67.1
1.1.2.6,6.1
1.1.23.2.43



Nole -

Non-selective all-call {ockout and multisite lockout are not mutually exclusive.

Interrogators using multisite lockout protocols for interrogator networking coordination
may use non-selective lockout commands in the smne inferrogation, For example, the
non-selective lockout may be used to prevent Mode § transponder replies with DF=11 to
wrongly detected Mode A/C/S all-call interrogations from Mode A/C-only all-call
interrogations. This is because of the misinterpretation of the narrow P4 pulse as a wide
P4 puise.

1,1.2.69.1

Multisite all-call lockout

Note.— The multisite lockout profocel prevents transponder acquisition from being
denied ong ground station by lockout commands from an adjacent ground station that has
overlapping covcrage.

1.1.2.69.1.1

1.1.2.6.9.2

The multisite lockout command shall be transmitted in the SD field
(1.1.2.6.1.4.1). A lackout command for an I} code shall be transmitted in an SD
with DI =t or DI = 7, An 1 lockout command shall be indicated by LOS cade
equals 1 and the presence of a non-zero interrogator identifier in the 1IS subfield
of 8D, A lockout command for an ST code shall be transmitted in an SD with DI

- =3, Sl lockout shalt be indicated by LSS equals [ and the presence of a non-zero

intetrogator identifier in the SIS subfield of SD. After a transponder has
accepted an interrogation containing a multisite lockout commnand, that
iransponder shall commence to lock out {that is, not accept) any Mode S-only
all-call interrogation which inciudes the identifier of the interrogator that
coromanded the lockout. The lockout shall persist for an interval TL
(1.1.2,103.9) after the Jast accepfance of en interrogation containing the
multisite lockout command. Multisite lockout shall not prevent acceptance of a
Mode S-only ail-call interrogation containing PR codes 8 to 12, If a lockout
command (LOS = 1) is received together with IIS = 0, it shall be inferpreted as a
non-selective all-call lockout (1.1.1.6.9.2).

Note 1 - Tifteen mterrogators can send independent multisite 11 lockout
commands. In addition, 63 interrogators can send independent SI lockout
commands. Each of these fockout commands must be timed separately.

Note 2.- Multisite lockout {which only uses non-zero Il codes) does not affect the
response of the transponder to Mode S-only ali-call interrogations containing I
equals 0 or to Mode A/C/S all-call interrogations.

NON-SELECTIVE ALL-CALL LOCKOUT

Note 1.— In cases where the multisite Jockout protocol for II codes is not required {(e.g.
there is no overlapping coverage or there is grownd station coordination via ground-to-
ground communications) the non-selective lockout protocol may be used.



On acceptance of an interrogation containing code 1 in the PC field, a transponder shall
commence o lock out (that is, not accept) two types of all-call interrogations —

{a) the Mode S-only ali-call {UF = 11}, with 1l equals 0; and
(b} the Mode A/C/S alf-call of 1.1.2.1.5.1.1.

This lockout condition shall peysist for an interval TD (1,10.3.9) after the Jast receipt of the
command. Non-selective lockout shall not prevent acceptance of a Mode S-only ali-calt
interrogation containing PR codes 8 to {2,

Note 2.— Non-selective lockout does not affect the response of the transponder to Mode
S-only all-call interrogations containing IT not equal 1o 0.

1.1.2.6.10 BASIC DATA PROTOCOLS
L1.2.6.10.1  Flight status protocol. Flight status shall be reported in the FS field.

1.L126.10.1.1  Alert. An alert condition shall be reported in the FS field if the Mode A identity
code transmitted in Mode A replies and in downtink formats DF equals 5 and
DF equals 21 are changed by the pilot,

1.12.6.10.1.1.1  Permanent alert condition. The alert condition shall be maintained if tﬁe
Mode-A identity code is changed to 7500, 7600 or 7700,

1.126,10.1.1.2  Temporary alert condition. The alert condition: shall be temporary and shall
cancel itself afier 7C seconds if the Mode A identity code is changed o a
value other than thosc listed in 1.1.2.6.10,1.1.1. The TC shall be retriggered
and continued for TC seconds after any change has becn accepted by the
transponder function,

Nofe 1. - This retriggering is performed to ensure that the ground interrogator
obtains the desited Mode A identity code before the alert condition is cleared.

Note 2.— The value of TC is given in 1.1.2.10,3.9.

1.1.2.6.10.1.1.3  Termination of the permanent alert condition. The permanent alert condition
shall be terminaicd and replaced by a temporary alert condition when the
Maode A identity code is set to a valuc other than 7500, 7600 or 7700.

1.1.2.6.10.1.2  Ground report. The on-the-ground status of the aircraft shall be reported in the
CA field (1.1.2.5.2.2.1), the FS field (J.1.2.6.5.1), and the VS field
(1.1.2.8.2.1). If an automatic indication of the on-the-ground condition (e.g.
froin a weight on wheels or strul switch) is available at {he transponder data



1.1.2.6.16.1.3

Note—

interface, it shall be vsed as the basis for the reporting of on-the-ground status
except as specified in 1.1.2,6,10.3.1, If such indication is not available at the
transponder data interface (1.1.2.10.5.1.3), the FS and V§ codes shall indicatc
that the aircrafl is aitborne and the CA field shall indicate that the airerafl is
gither airbome or on the ground (CA = 6)

Special position identification (SPI). An equivalent of the SPI pulse shafl be
iransmiited by Mode S transponders in the FS field and the surveillance status
subfietd (SS3) when manually activated. This pulse shall be transmitted for 77
scconds afler imitiation (1.1.1.6, {.1.1.7 and 1.1.2.8.6.3.1.1).

The value of T1 is given in 1.1.2.10.3.9.

1.1.26,10.2  Capability reporting profocol. The data siichrre and content of the data tink
capability report registers shali be implemented {n such a way that interoperability
is ensured.

Note 1.— Aircra capability is reported in special fietds as defioed in the following
paragraphs,

Note 2.-— The data format of the regisiers for reporting capability is specified in the

Technical

1.1.2.6.10.2.1

1.126.10.2.2

Provisions for Mode S Services and Extended Squitter (ICAO Doc 9871).

Capabitity report, The 3-bit CA field, contained in the all-call reply, DF equals
11, shalk report the basic capability of the Made $ transponder as described in
1125221

Data link capability report. The data link capability report shali provide the
inferrogator with a descripiion of the dala link capability of the Mode S
installation,

Note.— The data link capability report is contained in register 1016 with a possible

extension

1.12.6,10.2.2.1

1.12,6.10.2.2,1,]

1.1.2.6.10.2.2.1.2

in registers 1116 to 1616 when any continuation will be required.
Extraction and subfields in MB for data link capability report

Extraclion of the data tink capablility repart comtained in register {016.
The reporl shall be oblained by a ground-initiated Comm-B reply in
respense to an interrogation containing RR equals §7 and DI is not equal to
7 or DI equals 7 and RRS equals 0 (1.1.2.6.11.2).

Sources of data iink capability. Data Jink capability reports shall contain
the capabilities provided by the transponder, the ADLP and the ACAS



1126102213

1.1.2.6.10.2.2.1.4

unit, If extemal inpuls are lost, the (ransponder shall zero the
corresponding bils in the data link report.

The data link capability veport shall conlain information on the following
capabilities as specified in Table -6 in Schedute 1,

The Mode S subnetwork version number shall conlain iformation to
ensure interoperabilily with oldet airborne equipment.

1.1,2.6.10.2.2.14,] The Mode S subnehwork version nwmber shall indicate that all

implemented subnetwork functions are in compliance with the
requirements of the indicated version number, ‘The Mode S subnetwork
version number shalt be set to a non-zero valuc if at least onc DTE or
Mode S speeific service is installed.

Note. - The version number does not indicate thal all possible functions of thal
version ate implemented.

1.1.26.1022.2

1,1.2,6,10.2.2.3

Updating of the data link capability report. The transponder shall, al intervals
not exceeding four seconds, compare the cureent data link capability sfatus
(bits 41-88 in the data link capability report) with that last reported and shall,
if a difference is noted, initiate a revised data link capability report by Comm-
B broadcast {1.1.2.6.11.4) for BDSI = { {33-36} and BDS 2 = 0 (37-40). The
teansponder shall initiate, generate and announce the revised capability report
even if the aircraft dala link capability is degraded or lost. The transponder
shall ensure that the BDS code is sel for the data link capability report in all
cases, including a loss of the interface.

Note.— The setting of the BDS code by the transponder ensures that a
broadeast change of capahility report will contain the BDS code for all cases
of data link failure {c.g. the loss of the transponder data link interface).

Zeroing of bits in the data link capability repors, If capability information to
the teansponder fails to provide an update al a rate of at least once every 4
seconds, the transponder shall insert ZERO in bits 41 to 56 of the data link
capability report (transponder register 1016).

Note.— Bits 1 to § contait the BDSI and BDS2 codes. Bits 16 and 37 to 40
contain ACAS capability information. Bit 33 indicates he availability of
aircraft identification data and is set by the transponder when the data comes
from a separate interface and not from the ADLP. Bit 35 is the Sl code
indication. All of these bits are inserted by the transponder.



1.1.2.6,1023

1.1.2.6.102.4

1.1.2,6,10.2.5

1.12.6.10.3

1.1.2.6.104

Conunon usage GICB capability report. Common usage GICB services which
are being actively updated shaill be indicated in transponder register 1716.

Mode S specific services GICB capabliity reports. GICB .services that are
installed shall be reported in registers 1816 to IC16,

Mode § specific services MSP capability reports. MSI' scrvices that are
installed shall be reported in registers 1D16 to 1F16.

Validation of on-the-ground status declared by an automatic means

Note.— For aircraft with an automatic means of determining vertical status, the
CA field reports whether the aiveraft is airborne or on the ground. ACAS 1
acquires aircraft using the short or extended squitter, both of which contain the
CA field, If an aircraft reports on-the-ground status, that aiveraft will not be
interrogated by ACAS 11 in order to reduce unnecessary interrogation activity, If
the aircraft is equipped to report extended squitter messages, the function that
formats these messages may have information available to vatidate that an aircraft
reporting “on-the-ground” is actually airborne,

Arcraft with an mstomatic mcans for determining the on-the-ground stale on
which transponders have access 10 at least one of the parameters, ground speed,
radio altitude or airspeed, shall perform the following validation check:

If the automatically determined air/ground stasus is not available or is “airborne®,
no validation shall be performed. If (he antomatically determined air/ground status
is available and “on-the-ground” condition is being reported or if the on-the-
ground status has been commanded via the TCS sybfield (1.1.2.6.1.4.1 1)}, the
aitfground status shall be overridden and changed to “airborne” if:

Ground Speed > 100 knots OR Airspeed > 100 knots OR Radio Altitude > 50 feet

L.1.2.6.11

STANDARD LENGTH COMMUNICATIONS PROTOCOLS

Note 1.— The two types of standard length conmmnmicalions protocols are Comtn-
A and Comm-B; messages nsing these protocols are transferred under the control
af the interrogator. Comm-A messages are sent directly to the {ransponder and are
completed within one transaction. A Comm-B message is used to transfer
information from air to ground and can be initiated either by the interrogator or
the transponder. In the case of pround-initiated Comm-B transfers, the
inferrogator requests dafa o be read out from the transponder, which delivers the
mcssage in the sane iransaction. In the case of air-initiated Comm-B transfers, the



1.12.6.11.1

1.1.2.6.11,1.1

fransponder announces the intention to transtif a message; in a subsequent
transaction an interrogator will extract the message.

Note 2.— In a non-seleclive air-initiated Comm-i3 profocol all {ransactions
neceessary can be controlled by any interrogator.

Note 3.— Tn some areas of overlapping inlerrogator coverage there may be no
means for coordinaling interrogator activities via ground communications, Air-
initialed Comm-B communications protocols requize more than one transaction
for comnpletion, Provision is made lo ensure that a Comm-B message is closed out
only by the interrogator that actually transferred the message. This can be
accomplished through the use of the mullisite Comm-B communications
protocals or through the usc of (he enhanced Comm-B comnmmnications protaco!s.

Note 4.— The multisite and the non-selective communications protocols cannot
be used simultaneonsly in a region of overlapping interrogator coverage unless
the interrogators coordinate their commniunications activities via ground
comimmications,

Note 5.— The maltisile communications protocof is independent of the multisite
lockout protocol. That is, the multisite communications prolocol may be used
with the non-selective lockout protoco! and vice versa, The choice of lockout and
comnunications protocols to be used depends upon the network management
technique being used.

Note 6.— The broadcast Comm-B protocol can be used to make a message
available to ail active interrogators. :

Comm-A. The interrogator shall deliver a Comm-A message in the MA {icld of an
interrogation UF =20 or 21.

Comm-A technical acknowledgement. Acceptance of a Comm-A interrogation -
shall be automatically technically acknowledged by the transponder, by the
transmission of the requested reply (1.1.2.6.10.5.2.2.1},

Note.— The receipt of a reply fiom the transponder according to the rules of 1,1.2.4.1.2.3
d) and 1.1,2.4.1.3.2.2.2 is the acknowledgement to the interrogator that (he interrogation
has been accepted by the transponder. If either uplink or dowalink fail, this reply will be
nissing and the interrogator will normally send the message again, In the case of
downlink failure, the transponder may receive the message mmore than once.

1.126.11.1.2 Comm-A broadcast. 1f a Comm-A broadcast intemogation is acccplcd.

(1.124.1.23.1.3) infonnation transfer shall be handled according to



1.1.2,10.5.2.1.1 but other transpender functions shall not be affected and a reply
shall not be transmitted,

Note 1.— There is no technical acknowledgement to a Comm-A broadcast message.

Note 2.— Since the transponder does not process the control fields of a Comm-A
broadcast inlerrogation, the 27 bits following the UF field are also available for user data.

£.1.2.6.11.2  Ground-initiated Comm-B

1.1.2.6.11.2.1  Comm-B data selector, BDS. The 8-bit BDS code shall detennine the register
whose contents shall be transferred in the MB [icld of the Comm-B reply. It
shall be expressed in two groups of 4 bits each, BDS1 (most significant 4 bits)
and BDS2 (least significant 4 bits).

Note— The transponder register allocation is specified in the Civil Aviation
(Communication Systems), Regulations 2020, Schedule 2, Table 5-24

1.1.2.6.11.2.2 BDST code. The BDSI code shall be as defined in the RR field of a surveillance
or Comn-A intterrogation,

1.12.6.11.23 BDS2 code. The BDS2 code shall be as defined in the RRS subficld of the S
field (1.1.2.6.1.4.1) when D1 = 7, If no BDS2 code is specified (that is, DI is not
equal ta 7) it shall signify that BI28§2 =10,

1.1.2,6.11.2.4 Protocol. On receipt of such a request, the MB ficld of the reply shall contain the
contents of the requested ground-initinted Comin-B register.

1.1.2,6.11.24.1 If the requested register is not serviced by the aircraft installation, the
transpoader shall reply and the MB field of the reply shall contain all ZEROs.

1.1.2.6.11,2.5  Overlay control. If the “DI” code of the Comm-B requesting inferrogation is 0, 3
or 7, the “SD” contains the overlay conlrol (OVC) field in accordance with
paragraph 1.1.2.6.1.4.1 (3)).

(a) I the “OVC” is equal to “4,” then the reply to the inferrogation shall contain
the “DP” {data parity) field in accordance with paragraph i,1.2.3.2.1,5; and

(B 1f the “OVC” is equal to “0,” then the reply to the interrogation shall contain
the “AP” field in accordance with paragraph 1.1.2.3.2.1.3,

1,12.6.11.3  Air-initiated Comm-B



£.12,6.11.3.1 General protocol. The transponder shall announce the presence of an ait-
initisted Comm-B message wilh (he insertion of code [ in the DR field. To
extract an air-initiated Comm-B message, the interrogator shalf transmit a
request for & Comm-B message reply in a subsequent interrogation with RR
equal to 16 and, if DI equals 7, RRS must be equal to 0 (1.1.2.6.11,3.2.1 and
1.1.2,6.11.3.3.1). Receipt of this request code shall cause the franspender to
transmiit the air-initiated Comm-B message. If a cominand to transmit an air-
imtiatied Comm-B message is received while no message is waiting to be
transmitted, the reply shall contain all ZIXROs in the MB field.

The reply thal defivers the message shall continue o contain code 1 in the DR ficld, After
a Comm-B closeout has been accomplished, the message shall be cancebled and the DR
code belonging to this message immediately removed. 1f another air-initiated Conun-B
message s waiting to be transmitted, the transponder shall set the DR code to 1, so that
the reply contains the annoyncement of this next message.

Note.— The anmnouncement and cancellation protocol ensures that an air-initiated
message will not be tost due to uplink or downlink failures that occur during the delivery
process.

1.1.2.6.11,3.2  Additional protocol for muitisite air-initiated Comm-B

Note.— The announcement of an air-initiated Comm-B message wailing to be delivered
may bhe accompanied by a multisite reservation status report in the UM field
{1.1.2.6.5.3.2).

An interrogator shall not attempt to extract & message if it has delermined that it is not the
reserved sile.

1.1.2,611.32.1  Message fransfer. An interrogator shall request a Comm-B reservation and
extract an air-initiated Comm-B message by transmitting a surveillance or
Comm-A interrogation UF cquals 4, 5, 20 or 21 containing;

RR = 16
DI =1
IS = assigned interrogator identifier

MBS = I ({Comam-B reservation request)

Nate.— A Comm-B muliisite reservation request is normally accompanied by a Comm-
B reservation status request (RSS = 1). This causes the interrogator identificr of the
reserved site to be inserted in the UM ficld of the weply.



1.1.26.11.3.2.1.1  Protocol procedure in tesponse to this inferrogation shall depend upon the
state of the B-tuner which indicates if a Comm-B reservation is active, This
timer shall rea for 7R seconds.

Note 1.— The value of TR is given in 1.1,2,10,3.9.

{a) If the B-timer is not running, the teansponder shall grant a reservalion to the requesting
interrogator by — .

(§) storing the IIS of the interrogation as the Comm-B [, and
(if) starting the B-timer.

A multisite Comm-B rescrvation shall not be granted by the transponder unless an air-initiated
Comm-B message is waiting to be transmitted and the requesting interrogation confains RR
equals 16, DI equals |, MBS equals { and IS is nat .

(b If the B-timer is running and the 1S of the interropation equals the Comm-B 11, the
transponder shall restact the B-timer.

(¢) If the B-fimer is muning and the 1IS of the interrogation does not equal the Comm-B [, then
ihere shall be no change to the Coram-B Il or the B-timer,

Note 2.— In case (¢) the reservation request has been denied.

1.12.6.18.3.2.1.2 In cach case the transponder shall reply with the Comm-B message in the
MB ficld.

1.126.11.32.1.3  An interrogator shall determine if it is the reserved site for this message
through coding in the UM field. Jf it is the reserved site it shall attempt fo
close out the message in a subscquent interrogation. If it is not the reserved
site it shall not attempt ta closc out the message.

1.1.2.6.41.32.2  Multisite-directed Commn-B fransmissions. To direct an air-initiated Comm-B
message to a specific interrogator, the multisite Comm-B protocol shafl be
used. When the B-fimer is not running, the interrogator identifier of the
desired destination shall be stored as the Comm-B II. Simultanecusiy the B-
timer shall be started and the DR code shall be sct to [. For a multisite-
direcicd Comm-B message, the B-timer shall not automatically time out but
shall continue to run vntil -

{a} the message is read and closed out by the reserved site; o



(b} the message is camcelled (1.10.5.4) by the data link
avionics.

Note.— The protocels of 1,6.5.3 and 1.6.1£.3.2.1 will then result in delivery of the
message to the reserved site, The data link avionics may cance! the message if delivery to
the reseived site cannot be accomplished.

11.2.611,323  Mudtisite Commn-B closeaut, The inlerrogator shall close out a multisite ai-
initiated Commm-B by transmifling eilher a surveillance or a8 Comm-A

interrogation containing:

either DI = |

[IS = assigned interrogator identifier
MBS = 2 (Comm-B closeout)

oDl = 0, lor7

II8 = assigned interrogator identifier
PC = 4(Comm-B closeout)

The transponder shall compare the 1S of the interrogation to the Comnt-B II and if
the interrogator identifiers do not match, the message shall not be cleared and the
status of the Comm-B II, B-timer, and DR code shall not be changed. If the
mterrogator identifiers match, the transponder shall set the Comm-B 11 to 0, reset the
B.timer, clear the DR code for this message and clear the message itself. The
transponder shall not close out a mullisite air-initiated Comm-B message unless it
has been read out at leasl once by the reserved site.

1L1.2.6.113.24  Automatic expivation of Comm-B reservation. If the B-timer period expires
before a multisite closeout has been accomplished, the Comm-B 11 shall be
set to 0 and the B-timer resef. The Comm-B message and the DR ficld shall
not be cleared by the transponder,

Note.— This makes it possible for another site to rcad and clear this message.
1.1,2.6,11,3.3 Additional protacol for non-selective air-initiated Comm-B
Note.— In cases where the multisite protocols are not required (that is, no overlapping

coverage or sensor coordination via ground-to-ground communieation), the non-selective
air-initiated Comm-B protocol may be used,



1.1.2.611.3.3.1

1.1.2.6,11.33.2

Message transfer. The interrogator shall exiract the message by transmitting
gither RR equats 16 and DI is not equal to 7, or RR equals 16, DI equals 7
and RIS equals 0 in a surveiliance or Cotym-A interrogation.

Comm-B closeont. The interrogator shall close out a non-selective air-
initiated Comm-B message by transmitting PC equals 4 (Conun-B closeout).
On receipt of this conunand, the transponder shall perform closeout, untess
the B-timer is running. If the B-timer is running, indicating that a multisite
reservation s in effect, closeout shall be accomplished as per 1.1.2.6.11.3.2.3.
The transponder shall not ¢lose oul a non-selective air-initiated Comm-B
message unless it has been read out at least once by an interrogation using
non-selective protacols.

1.1.2,6.11.3.4 Enhanced air-initiated Conmm-B protocol

Note.— The cnhanced air-initiated Comm-B protocol provides a higher data link
capacily by permitting parallel delivery of air-initiated Conmn-B messages by up to
sixfeen interrogators, one for each II code. Operation without the need for muitisite
Comm-B reservations is possible in regions of overlapping coverage for interrogators
equipped for the enhanced air-initiated Comm-B protocol. The protocol is fully
conformant fo the standard multisite protocol and thus is compatible with
interrogators that are not equipped for the cnhanced protocol.

[.12.6.11.34.1

The transponder shall be capable of storing each of the sixteen II codes:

(@) an air-initiated or multisite-directed Comm-B message; and

(b) the contents of GICB registers 2 through 4.

Note.— GICB registers 2 through 4 are used for the Comm-B linking protocol defined in
the Mode S subnetwork SARPs

1.1.2.6.11.342

1.1.2.6.113.42.1

1.1.2.6.11,3.4.2.2

Enhanced multisite air-initiated Comm-B protocol

Inifigtion. An air-initiated Comm-B message input into the transponder
shall be stored in the registers assigned to 11= 0.

Awmouncement and extraction, A waiting air-initiated Comm-B message
shall be announced in the DR ficld of the replics to all inferrogators for
which a multisite directed Comm-B message is not waiting, The UM field
of the announcement repty shall indicate that the message is not reserved
for any 11 code, that is, the IIS subfield shall be set to 8. When & cornmand
to read this message is received from a given interrogator, the reply
containing the message shalt contain an 113 subfield content indicating that



t.12.6.11.34.2.3

[.1.2.6.11.34.2.4

1.1.2.6.11.3.43

1.1.2.6.11.34.3.1

11.2,6.11.343.2

the message is reserved for the I code contained in the interrogation from
that inlercogator. Afler readont and unti} closeonl, the message shall
continug to be assigned 1o that I[ code. Once & message is asstgned o 2
specitic 11 code, announcerment of this message shall be no tonger made in
the replies 1o inerrogators with other IT codes. [f the message s not closed
out by the assigned interrogaior for the period of the B-timer, the message
shall revert to nwltisite air-initiated status and the process shail repeat.
Only ene mullisite aie-initiated Comer-B message shall be in process at a
time,

Closeout. A closeoul for a mullisite air-initiated message shiall only be
accepied from the inferrogator that is cwrently assigned to transfer the
niessage.

Announcement of the next message waiting. The DR field shall indicate a
message waiting it the reply fo an intercogation containing a Comm-B
closeout if an tnassigned air-initiafed message is waiting and has not been
assigned to a 1L code, or if a nltisite-direeted message is waiting for that
WMeode (1.1.2.6.11.3.4.3),

Enfiemced multisite divected Conpn-B protocol

Initiation. When a multisite directed message is input into 1he transponder, it
shall be placed in the Conun-B registers assigned to (he H code specified for
fhe message. ! the registers for this 1f code are already occupied, (that is,
multisite directed message is already in process (o this Il code) the new
message shalt be quenied until the current transaction with that IT code is
closed out.

Announcement. Asnouncement of a Comm-B message waiting transfer shalt
be made using the DR field as specified in 1.1.2.6,5.2 with the destination
interrogator 11 code confained in the IIS subfield as specified in
1.1.2.6,5.3.2, The DR fieid and IS subfield contents shall be set specificatly
for the interrogator that is to receive the reply, A waiting multisite directed
message shall only be anpounced in the replies 10 the intended intervogator.
Ii shall not be announced in the repfies  other interrogators.

Note 1.— If a nwiltisite-direcied message is waiting for i1 = 2, the
surveillance replies fo that intercogator will contain DR = 1 and 1S = 2, If
this is the only message in process, replies to all other interrogators wilk
indicate thal no message is waiting,

Nale 2— In addition to permitiing parallel operafion, this form of
announcement enables a greater degree of announceient of downlink



1.1.2.6.113.43.3

1.1.2.6.11.3.4.34

1.1.2.6.11.3.4.4

BLMs, The announcements for the dewnlink ELM and the Conun-B share
the DR field. Only one announcement can take place at a time due {o coding
limitations, In case both a Comm-B and a downlink BLM are waifing,
announcement preference is given to the Comm-B, In the example above, if
an air-dirccted Comm-B was waiting for II = 2 and a multisite-directed
downlink ELM was waiting for Il = 6, both interrogators would see their
respective announcements on the fitst scan since there would be no Comm-
B announcement fo II = 6 to block the announcement of the waiting
downlink ELM.

Closeout. Closcout shall be accomplished as specified in 1.1.2.6,11.3.2.3,

Announcentent of the next message waiting. The DR field shall indicate a
message waiting in the reply to an interrogation containing a Comm-B
closeout if another multisite directed message is waiting for that Il code, or
if an air-initiated message is waiing and has not been assigned to a [{ code.

Enhanced non-selective Comm-B protocol, The availability of a non-selective
Comm-B message shall be announced to all interrogators, Otherwise, the
protocol shall be as specified in 1.1,2.6.11.3.3.

1.1.2.6.11.4  Centm-B broadcast

Note 1.— A Comm-B message may be broadcast to all active intcirogators within
range. Messages arc alernately numbered 1 and 2 and are scl-cancelling after 18
seconds. Interrogators have no means to cancel Comm-B broadcast messages.

Note 2.— Use of the Comm-B broadcast is restricted to tratismission of
information which does not require a subsequent ground-initiated uplink responss.

Note 3.— The timer used for the Comm-B broadeast cycle is the same as that
used for the Comin-B multisite protacol.

Note 4.— Data formats for Comn-B broadeast are specified in the Technical
Provisions for Mode S Services and Extended Squitter (ICAO Doc 9871).

1.1.2.6.114.1 Hitiation.

L12.6.11.4.1.1

A Comun-B broadeast ¢ycle shall begin with the —

{a) loading cf the broadcast message into the Comm-B buffer;

() starting of the B-timer-for the current Comm-B message; and



Note.— If there is more than one Comm-B message wailing for transmission, the
timer is only started onice the message becomes the current Comin-B broadceast,

{¢) the selection of DR code 4 or 5, (£.1.2.6,5.2} for insertion into future

replies with DF 4, §, 20 or 21 when ACAS information is nof available, or
DR code 6 or 7 wiien ACAS information is available,

1.4.5.2 The DR ficld shall be changed to the next value each time a new Comm-B

broadcast message is initiated by the transponder.

Note.— The changc of the DR value is used by the interrogator 1o detect that a new
Comm-B broadcast message is announced and te extract the new Comm-B message.

1.4.1.3

14.14

14.2

143

144

14.5

A Comm-B broadcast cycle shall not be initiated when an airinitiated
Comm-B message is waiting to be transmiticd.

A new Comm-B broadeest cycle shall not interrupt a current Comm-B
broadcast cycle.

Extraction. To extract the broadcast message, an interrogator shall transmit RR
¢quals 16 and DI not equal to 3 or 7 or RR cquals 16 and DI equals 3 or 7 with
RRS equals & in a subsequent intetrogation

Expiration. When the B-timer period cxpires, the transponder shall clear the
DR code for this message, discard the present broadeast message and change
the broadcast message number (from | to 2 or 2 to 1) in preparation for a
subsequent Comm-B broadcast.

Interruption, In order to prevent a Conmun-B broadcast cycle from defaying the
delivery of an air-initiated Comm-B message, provision shall be made for an
air-initiated Comun-B to interript a Comm-B broadcast cycle. If a broadcast
cycle is interrupted, the B-timer shail be reset, the interrupted broadcast
message shafl be retained and the message number shall nol be c¢hanged,
Delivery of the interrupted broadcast message shall recomimence when no air-
initiated Comm-B transaction is in effect. The message shall then be broadcast
for the full duration of the B-time,

Enfianced broadcast Comm-8 protocol. A broadcast Comm-13 message shall
be announced to all interrogaiors using Il codes. The message shall remain
active for the period of the B-timer for each Il code. The provision for
interruption of a broadcast by non-broadcast Comm-B as specified in
1.1.2,6.11.4.4 shall apply separately to each [l code. When the B-limer period
has been achieved for all Il codes, the broadcast message shall be automatically



cleared as specified in 1.1.2.6.11.4.3. A new broadcast message shall not be
initiated until the current broadeast has been cleared.,

Note.— Due to the fact that broadcast message interruption oceurs
independently for each TI code, it is possible that the broadcast message
titneout wilf oconr at different times for different It codes.

1.1.2.6.11.4.6  Monagement of Comni-B messages waiting for transmission. 1f the content of
waiting Comun-B broadcast messags is updated, only the most recent value for
each downlink broadcast identifier shall be retained and broadcast once the
curtent Comm-B broadcast is finished,

Note.~~ Downlink broadcast identificrs are defined in the Manual on Technical
Provisions for Mode 8§ Services and Extended Squitter (ICAQ Doc 9871).

1.1.2.7 EXTENDED LENGTH COMMUNICATION TRANSACTIONS

Note 1.— Long messages, either on the uplink or the downlink, can be transferred by the
extended lenpth message (ELM) protocols using Comm-C (UF = 24} and Comm-D (DF
= 24) formats respectively. The EL.M uplink protocol provides for the transmission on
tie uplink of up to sixteen 80-bit mcssage segments before requirtng a reply from the
transponder. They also allow a corresponding pracedure on the downlink.

Note 2,— In sotne areas of overlapping interrogator coverage there may be no means for
coordinaling interrogator activities via ground communications. However, the ELM
comenunication protocals require more than one {ransaction for completion; coordination
is thus necessary to ensure that segments from different messages are not interleaved and
that transactions are not inadvertently closed out by the wrong interrogator, This can be
accomplished using the multisite communications protocols or using the enhanced Ei.M
protocols.

Note 3.— Downlink extended length messages are transmilted orly after authorization
by the interrogator. The segments to be transmitted are contained in Comm-D replies. As
with air-initiated Comm-B messages, downlink ELMs are either announced te ali
interragators or directed to a specific interrogator. In the former case an individual
interrogator can use the nwltisite protocol to reserve for itself the ability to close out the
downlink ELM transaction. A transponder can be instructed to identify the interrogator
that has reserved the transponder for an ELM transaction, Only that interrogator can
close out the ELM fransaction and reservation.

Note 4.~ The mullisitc protocol and the non-scleclive protocol cannot be used
simulfaneousty in a region of overlapping interrogator coverage unless the interrogators
coordinate their communications activities via ground cemmunications.



1,1.2.7.1 COMM.C, UPLINK FORMAT 24

1 3 5 9 80
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The format of (his interrogation shall consist of these fields;

Field Reference
UF uplink format 1.1.23.21
RC reply control 112711
NC number of C-segment 1.1.27.1.2
MC message, Comm-C 1.1.27.13
Address/parity 1.1.23.2.1.3

1.1.2.7.L.1  RC: Reply control. This 2-bit (3-4) uplink field shall designate segment
significance and reply decision,

Coding

RC= 0 significs uplink ELM initial segment in MC

[ signifies uplink ELM intermediate scgment in MC

= 2 signifies uplink ELM fingl segment in MC

= 3 signifies a request for downlink ELM delivery (1.1,2,7.7.2)

il

1.1.27.1.2  NC: Number of C-segment. This 4-bit (5-8) uplink feld shall designate the number
of the message segment conlained in MC (1,7.4.2.1). NC shall be coded as a binary
number,

112713 MC: Message, Comm-C. This 80-bit (9-88) uplink field shall contain -

fa) one of the segments of a sequence used to fransmit an uplink ELM to the
transponder containing the 4-bit (9-12) 118 subfield; or

() control codes for a downlink ELM, the 16-bit (9-24) SRS subfictd (1.1.2,7.7.2.1)
and the 4-bit (25-28) IIS subfield.



Note— Message content and codes are not inclnded in this chapter except for
1127721

11232 INTERROGATION-REPLY PROTOCOL I'OR UF24

Nofe.— Interrogation-reply coordination for the above format follows the protocol
outlined in Table 1-7 in Schedule | (1,1.2.4.1.3.2.2)

1.1.273 COMM-D, DOWNLINK FORMAT 24

1 [ 5 9 89
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The format of this reply shall consist of these fietds:
Field Reference
DF downlink format 1.1.2321.2
Spare- 1 bit
KE control ELM 1.1.2.7.3.1
ND number of D-segment 1.1.2.732
MD wmessage, Comin-D 112733
Address/parity 1.1.2.32.13
.1.2.7.3.1 KE: Conirol, ELM. This 1-bit (4) downlink field shal! define the content of the ND
and MD fields.
Coding

KE = ( signifies downlink ELM transmission
1 signifies uplink ELM acknowledgement

1.12.7.3.2 ND: Number of D-segment. This 4-bit (5-8) downlink field shall designate the
» nuinber of the message segment contained in MD (1.1.2.7.7.2). ND shall be coded
as a binary number.

1.1.2733  MD: Message, Comm-D. This 80-bit (9-88) downlink field shall contain —

(a} one of the segments of a sequence used to transmit a downlink ELM to the
interrogator; or



{b) control codes for an uplink ELM.
1.12.74 MULTISITE UPLINK ELM PROTOCOL

L1.2.74.1  Mudtisite uplink ELM reservation, An inlerrogator shall request a reservation for an
uplink ELM by transmitling a surveillance or Comm-A inlerrogation containing:

D=1
HS  =assigned interrogator identificr
MES = I or 5 (uplink ELM reservation request)

Note— A mullisite uplivk ELM reservation request is normally accompanied by an
uplink ELM reservation siatus request (RSS = 2), This causes the inferrogator identifier
of the seserved site fo be inserted in the UM field of the veply.

1.1.2774.1.1  Protecol procedure in response (o this interrogation shall depend npon the sfate
of the C-timer which indicates if an uplink ELM reservation is active. This timer
shall run for TR seconds.

Note | — The value of TR is given in 1.1.2.10.3.9.

{a) I the C-timer is not running, (he transponder shall grant a reservation {o the
requesting incrrogator by:

(i) storing (he IIS of the interrogation as the Comm-C 11 and,
(ii) starting the C-timer;

{b) If the C-timer is ranning and the IS of the intervogation equals the Comm-C II,
the transponder shall restart the C-limer; and

{c) If the C-timer is munning and the 1S of the interrogation does not equal the
Comm-C II, there shall be no change to the Comm-C [T or the C-limer,

MNote 2. Incase (¢} the reservation request has been denied.
1.1.2,7.4.1.2  An jnferrogator shall not start ELM activity unless, during the same scan, having
requested an uplink ELM status repoti, it has received ils own inferrogator

identifier as the reserved interrogator for uplink ELM in the UM field.

Note.— If ELM activity is not started during (he same scan as the reservation, a new
reservation request may be made during the next scan.



1.1,2.7.4,1.3  If uplink ELM delivery is not completed on the currcnt sean, the interrogator
shall ensure fhat it still has a reservation before delivering additional segments
on a subsequent scan,

1.1.2.74.2  Muitisite uplink ELM delivery, The minimum length of an uplink Ri.M shall be 2
segmentis, the maximum length shall be 16 segmenis.

1.1.2.7.42.1  Initial segment transfer. The intemogator shall begin the ELM uplick delivery
for an n-segment message (NC values from ¢ to n-1) by a Comm-C transmission
containing RC equals 0, The message segment transmitted in the MC field shall
be the last segment of the message and shall carry NC equals #-1. On receipt of
an initializing segment (RC = 0) the transponder shall establish a “setup” defined
as—

{a) clearing the number and content of previous segment storage registers and the
associated TAS field;

(b assigning storage space for the numbey of segments announced in NC of this
interrogation; and

{c} storing the MC field of the segment received.

‘the transponder shall not reply fo this interrogation. Reccipt of another initializing segment shall
resulf in a new sefup within the transponder.

1.1,2.7.4.22  Transmission acknowledgement. The transponder shall use the TAS subfield to
report the segments received so far in an uplink ELM sequence. The information
contained in the TAS subfield shall be continually updated by the transponder as
segments are received,

Note.— Segments Jost in uplink transmission are noted by their absence in the
TAS report and are retransmitted by the interrogator which will then send further
final segments to assess the extent of message completion.

1.1,27.4221 TAS, transmission acknowledgement subfield in MD, This 16-bit (17-32)
downlink subfield in MD reports the scgment numbers received so far in an
uplink BLM sequence, Starting with bit 17, which denotes segment nwnber 0,
each of the following bits shall be set to ONE if the corresponding segment of
the sequence has been received. TAS shall appear in MD if KE equals 1 in
the same reply.

1.1.2.74.23  Iuermediate segment iransfer. The intemogator shall transfer intermediate
scginents by transmitting Comm-C interrogations with RC equals [, The
transponder shall store the segments and update TAS only if the setup of
1.1.2.2.4.2.1 is in effect and if the received NC is smaller than the value stored at



1.127424

£.1.2.74.2.5

1.1.2.7.4.2.6

1.127427

1.1.2.7428

receipl of the inifial segment. No reply shall be generated on receipt of an
intermediate segment.

Note.— Intermediale segments may be transmitted in any order.

Final segment transfer. The interrogator shall fransfer a final segment by
transmitting a Comm-C interrogation with RC equals 2. The transponder shall
slore ihe content of the MC field and pdate TAS if the setup of 1.1.2.7.4.2.1 is
in effect and if the received NC is smaller than the value of the initial segment
NC. The transponder shall reply uader alt circumstances as per 1.1,2.7.4.2.5.

Note |.— This final segment transfer interrogation can contain any message
scgmient,

Note 2.—- RC equals 2 is transmiited any time that the interrogator wants fo receive
the TAS subfield in the reply. Therefore, more than one “final” segment may be
transferred during the delivery of an uplink BLM.,

Acknowledgentent reply. On receipt of a final scgment, the transponder shall
transmil a Comm-D reply (DF = 24), wilh KE equals | and with the TAS
subficld in the MD field. This reply shall be fransmitted at 128 microseconds
plus or minus 0.25 microsecond following the sync phase reversal of the
interrogation delivering the final segment.

Completed message. The transponder shall deem the message complete if all
segments announced by NC in the initializing segment have been reccived. If the
message is complete, the message content shall be delivered to the outside via
the ELM interface of 1.1.2.10.5.2.1.3 and cleared. No laler-airiving segments -
shal! be stored. The TAS content shall remain unchanged until either a new setup
is called for (1.1,2.7.4.2.1) or until closeout {1.1.2.7.4.2.8).

C-timer restart. The C-timer shall be restarted each time that a received segment
is stored and the Comm-C 1 is not 0.

Note.— The requirement for the Comm-C I to be non-zero prevents the C-limer
from being restarted during a non-seleclive uplink ELM (ransaction.

Mulfisite uplink ELM closeout, The interrogator shali close out a multisite uplink
ELM by (ransmilting cither ¢ surveillance or a Comm-A intersogation
confaining:

either DI=1



IS
MES

Ml

- assigned interrogator identifier
2, 6 or 7 (uplink ELM closeout)

orDI=0,10or7

IS = assigned interrogator identifier
BC - 5 (uplink ELM closeout)

The transponder shall compare the IIS of the interrogation to the Comm-C Il and if
the interrogator identifiers do not match, the sfate of the ELM uplink process shall not
be changed., If the interrogator identifiers match, the transponder shall set the Comm-
C I to 0, reset the C-fimer, clear the stored TAS and discard any stored segments of
an incomplete message.

1.12.74.2.9  Awomatic multisite uplink ELM closeout. Tf the C-timer period expires before a
multisite closeout has been accomplished the closeout actions described in
1.1.2.7.4.2.8 shall be initiated automatically by the transponder,

1.1.275 NON-SELECTIVE UPLINK ELM

Note. In cases where the multisite protocols are not required (for example, no
overlapping coverage or sensor coordination via  ground-to-ground
communication), the non-selective uplink ¥1,M protocol may be used.

Non-seleclive uplink ELM delivery shall take place as for multisite uplink ELMs described in
1.1.2.7.4.2. The inierrogator shail close out an uplink ELM by (ransmitting PC equals 5 (uplink
ELM closeout) in a surveillance or Comm-A interrogation, On receipt of this command, the
transponder shall perform closeout, uniess the C-timer is ranning. If the C-timer is running,
indicating that a multisitc rcservation is in cffect, the closcout shall be accomplished as per
[.12.7428. An uncompleted message, present when the closeout is accepted, shall be
cancelled.

1.1.27.6 ENHANCED UPLINK ELM PROTOCOL

Note.--- The enhanced uplink ELM protocol provides a higher data link capacity by
permitting paraliel delivery of uplink ELM messages by up to sixteen interrogators, one
for each U code. Operation without the need for multisite uplink CLM reservations is
possible in regions of overlapping coverage for interrogators equipped for the enhanced
uptink ELM protocol. The protoco! is fully conformant to the standard mullisiie protocol
and thus is compatible with interrogators that are not equipped for the enhanced protocol.

{.1.2.7.6.4 Generat



L1.2.7.6.0.1

1.1.2.7.6,1.2

1.1.2.7.6.1.3

1.1.2.7.6.2

1,1.2.7.6.3

1,1.2.7.7

1.1.27.7.1

The inferrogator shall determine from the data link capability report whether the
transponder supports the cnhanced protocols. If the enhanced protocols are not
supported by both the inferrogator and the transpondey, the muliisite reservation
protocols specified in 1,1.2.7.4.1 shall be used,

Note.~ If the enhanecd protocols are supported, uplink ELMs delivered using the
maltisite protecol may be delivered without a prior reservation.

If the transponder and the interrogator are equipped for the enhanced protocol,
the interrogator shall use the enhanced uplink protocol.

The transponder shall be capable of storing a sixteen-segment message for cach
- of the sixteen II codes.

Reservation processing. The transponder shall support reservation processing for
cach II code as specified in 1.1.2.7.4.1

Note |.— Reservation processing is required for interrogators that do not support
the enhanced protocol.

Note 2.— Since the transponder can process simultaneous uplink ELMs for all
sixteen II codes, & reservation witl always be granted.

Evhanced uplink ELM delivery and closeout. The transponder shall process
received segments separately by II code. For each value of II code, uplink ELM
delivery and closeout shall be performed as specified in 1.1.2,7.4.2 except that the
MD field used 10 transtnit the technical acknowledgment shall also contain the 4-bit
(33-36) 1IS subfield.

Note— The interrogator may use the H code confained in the technical
acknowledgement in order to verify that it has rcccived the correct technical
acknowicdgement,

MULTISITE DOWNLINK ELM PROTOCOL

Initialization. The transponder shall announce the presence of a downlink ELM of »
segments by making the binary code corresponding to (he decimal value 15 +
available for insertion in the DR field of a surveiliance or Comm-B reply, DF
equals 4, 5, 20, 21. This announcement shall remain active until the ELM is closed
out (1.1,2,7.7.3, 1.7.8.1).



LL277.11  Multisite downdink ELM reservation. An interrogator shall request a reservaion
for extraction of a downlink ELM by transmitting a surveillance or Comm-A
interrogation containing;

DI = 1
IS = assigued interrogator identificr
MES = 3 or 6 (downlink BLM reservation request)

Note.— A multisite downlink KLM reservation request is normally accompanied by a
downlink ELM reservation status request (RSS = 3). This causes the interrogator
identifier of the reserved interrogater (o be inserted in the UM field of the reply.
1.L1.2,7.7.1.1.1  Protocol procedure in response fo this interrogation shall depend upon the
state of the D-timer which indicates if a downlink ELM reservation is active.
This timer shall run for TR seconds.

Note 1.— The value of TR is given in 1.1.2.10.3.9,

{a) if the D-timer is not running, the transponder shall grant a reservation to the requesting
interrogator by:

(i) storing the 1IS of the interrogation as the Comm-D II; and
(it) starting the D-timer;

A multisite downlink EEM reservation shall niot be granted by the transponder unless a downlink
ELM is waiting to be transmitted.

(b} if the D-timer is running and the NS of the interrogation equals the Comm-D I, the
transponder shall restart the D-timer; and

fe) if the D-timer is rouning and the 1IS of the interrogation does not equal the Coim-D ]I,
there shall be no change to the Camm-D 11 or D-timer,

Note 2.— In casc (¢} the rescrvation request has been denied.
LL1.2.7.7.1.1.2  Aninterrogator shafl detenmine if it is the reserved site through coding in the
UM field and, if so, it is authorized to request delivery of the downlink ELM.
Othenwise, ELM activity shail not be started during this scan.

Note.— I the intexrogator is not the reserved site, a new reservation request may be made
during the next scan,



112727013 If downlink BLM activity is not completed on the current scan, the
interrogator shall enswre that it still has & rescrvation before requesting
additional segments on a subseguent scan,

L2772 Multisite-divected downlink ELM transmissions. To direct a downlink ELM
message to a specific interrogator, the multisite downlink ELM protocol shall be
uscd. When the D-timer is not runuing, the interrogator identifier of the desired
deslination shall be stored as the Comm-D II. Simultaneously, the D-timer shail
be staited and the DR code (1.1.2.7.7.1) shall be set. For a multisite-directed
downlink ELM, the D-timer shall not automatically time oul but shall continuc
to run until:

{a) the message is read and closed aut by the reserved site; or
(b} the message is cancelled (f.1.2.10.5.4) by the data link avionics.

Note.— The protocols of 1,1.2.7.7.1 will then result in the delivery of the message o the
reserved site. The data link avionics may cancel the message if delivery to the reserved site
cannot be accomplished,

1.1.2.7.2.2  Delivery of downlink ELMs. The infervogator shall extract a downtink ELM by
transmitiing 3 Comm-C interrogation with RC equals 3. This interrogation shall
carry the SRS subfield which specifies the segments to be transmitted. On receipt of
this request, the transponder shalf transfer the reguested segments by means of
Comm-D rcplies with KE cquals 0 and ND corresponding (o the number of the
segment i MD. The first segment shall be transmitted 128 microseconds plus or
minus 0.25 microsecond following the sync phase reversal of the interrogation
requesting delivery and subsequent segments shall be transinitted at a rate of one
every 136 microseconds plus or minus 1 microsecond, I a request is received to
transiit downlizk ELM segments and no message is waiting, each reply segment
shall contain ali ZEROs in the MD field,

Note 1.— The requested segments may be transmitted in any order,

Note 2.— Segments lost in downlink transmissions will be requested again by the
interrogator on a subsequent interrogation carrying the SRS subfield. This process is
repeated undil all segments have been transferred.

112.77.2.1 SRS, segment request subfield in MC. This 16-bit (9-24) uplink subfield in MC
shall request the Iransponder to transfer downtink ELM segments, Starting with
bit 9, which denotes segment number 0, each of the following bits shall be set to
ONE if the transmission of the corresponding scgment is requested. SRS shall
appear in MC if RC equals 3 in the same interrogation,

1.1.2.7.72.2  D-timer restart. The D-limer shall be testarted each time that a request for
Comm-D segments is received if the Comm-D Il is non-zero.



Note.— The requirement for the Commn-D II to be non-zero prevents the D-fimer
from being restarted during a non-selective dowmiink ELM transaction,

112223 Muléisite downlink ELM closeout. The interrogator shall close out a mullisite
downlink ELM by transnitting either & surveillance or a Comm-A interrogation

confaining:

either DI = 1

IS = assigned interrogator identifier
MES = 4, 50r7{downlink ELM closeout)
oDl = 0,1o0r7

IS = assigned interrogator identifier

PC = 6 (downlink ELM closeaut).

The transponder shall compare the 1S of the interrogation {o the Comm-D II and if the
interrogator identificrs do not match, the state of the downlink process shail not be changed, If
the interropator identifiers match, and if a request for fransmission has been complied with at
least ouce, the transponder shall set the Comm-D 11 te 0, reset the D-timer, clear the DR code for
this message and clear the message iself. If another downlink ELM is waiting to be transmiited,
the transponder shall set the DR code (if no Comin-B message is waiting to be delivered) so that
the reply contains the announcement of the next message.

112774 Automatic expiration of downlink ELM reservation. If the D-timer period expires
before a multisite closeout bas been accomplished, the Comm-D 11 shal! be set to 0,
and the D-timer reset, The message and DR cede shall not be cleared.

Note.— This makes it possible for another site 10 read and clear this message.
11278 NON-SELECTIVE DOWNLINK ELM

Note.— In cases where the multisite protocols are not required (that is, 1o overlapping
coverage or sensor coordination via ground-ta-ground communication), the non-selective
downlink ELM profocol may be used.

Non-selective downlink ELM delivery shall take place as deseribed in 1.1.2.7.7.2.

1.1.2.78.1  Non-selective downlink ELM closeowt. The interrogator shal! close out a non-
selective downtink ELM by transinitting PC equals & {downlink 1i1.M closeout) in &
surveillance or Conmn-A interrogation. On receipt of this command, and if a request
for transmission has been complied with at least once, the transponder shall



perform closeout unless the D-limer is running, If the D-timer is running, indicating
that a multisite reservation is in effect, the closeout shall be accomplished as per
112773,

1.1.2.7.9  ENHANCED DOWNLINK ELM PROTOCOL

Note.— The enhanced downlink ELM protocol provides a higher data link capacity by
penmitting parallel delivery of dowatink ELM messages by up to sixteen interrogators,
one for each II code. Operation without the need for ultisite downlink ELM
reservations is possible in regions of overlapping coverage for interrogators equipped for
the enhanced downlink ELM protocol. The protocol is futly conformant to the standard
multisite protocol and thus is compatible with inlerrogators (hat arg not equipped for the
enhanced protocot.

1.1.279.1

112.79.1.1

General

- The inferragator shall determine from the data link capability report whether the
transpander supports the enhanced protocels. I€ the enhanced protocols are not
supported by both the interropator and the transponder, the muliisite reservation
protacols specified in 1.1.2.6.11 shall be used for multisite and muliisite-directed
downlink ELMs, '

Note— If the enhanced protocols are supported, downlink ELMs delivered using the
multisite-direcied protocol can be delivered withoul a prior reservation.

£.1.2.7.9.1.2

1.1.27.92

1.1.279.2.

1127922

1.1.2,79.2.3

[f the transponder and the inlerrogator are equipped for the enhanced pfotocol,
the inferrogator shall usc ihe enhanced downlink protoco,

- Enhanced multisite dovnlink ELM protocol

The transponder shall ve capable of storing a sixteen-segment message for each
of the sixteen I1 codes,

Initialization. A multisite message inpit into the transponder shall be stored in
the registers assigned to 1[=0,

Annotincement and extraction. A waiting multisite downlink ELM message shall
be annonnced in the DR field of the replies to alt interrogators for which a
muttisite direcled downlink ELM message is not waiting, The UM field of the
announcement reply shall indicate that the message is not reserved for any I
code, that is, the LIS subfield shall be set fo 0, When a comnand to reserve this
message is received from a given intetrogator, the message shail be reserved for
the II code containec in the inferrogation from that intersogator, After readout
and until closeout, the message shall continue to be assigned to that IT code.



1.1.2.7.9.24

127925

112793

1.1.2.7.93.1

1.12.793.2

1.1.2.7933

1127934

Once a message is assigned to a specific IT code, announcement of this message
shall ro longer be made in the replies to interrogators with other [T codes, If the
message is not closed out by the assoctated interrogator for the period of the D-
timer, the message shall revert to mliisite status and the process shall repeat.
Only one multisitc downlink ELM message shall be in process at a time.

Closeout. A closeout for a multisite message shall only be accepted from the
inferrogator that was assigned most recently to transfer she message.

Anvouticement of the next message swaiting, The DR field shall indicate »
message waiting in the reply to an interrogation confaining a downlink ELM
closecut if an unassigned muitisite downlink ELM is waiting, or if a multisite
directed message is waiting for that 11 code (1.1.2.7.9.2).

Enhanced multisite directed downlink ELM protocol

Initialization. When a muliisite directed message is input into the transponder, it
shall be placed in the downlink ELM registers assigned to the Il code specified
for the message. If the registers for this I code are already in use (that is, a
multisite directed downlink ELM message is already in process for this 1{ code),
the new message shali be queved untit the current transaction with that 1l code is
closed out.

Announcement. Annowncement of a downlink ELM message wailing transfer
shall be made wsing the DR field as specified in 1.1.2.7.7.} with the destination
intetrogator 1l code contained in the 118 subfield as specified in 1.1.2.6.5.3.2.
The DR field and 1iS subfield contents shall be set specifically for the
interrogator that is to receive the reply, A waiting muliisite directed message
shall only be announced in the repties to the intended interrogator. [t shall not be
announced in replics fo other interrogators,

Delivery. An mlcrrogator shall determine if it is the reserved site through coding
in the UM field. The delivery shall only be requested if it is the reserved site and
shall be as specified in 1.1.2.7.7.2. The teansponder shall transmit the message
confained in the buffer associated with the I code spectfied in the IIS subfteld of
the segment request interrogation,

Closeout, Closeout shall be accomplished as specified in 1.1.2.7.7.3 except that a
message closeout shall only be accepted from the interrogator with 2 1I code
cqual to the one that transferred the message.



1.1.2.7.93.5  Announcement of the next message waiting. The DR field shalk indicate a
message wailing in the reply (o an inerrogation containing « dowalink ELM
closeout if another multisite directed message is waiting for that 11 code, or if a
downlink message is waiting that bas not been assigned a [l code (1.1.2.7.9.2),

112794 Enhanced non-selective dowlink ELM protocol. The availability of a non-
sefective downlink ELM message shall be announced lo all interrogators.
Otherwise, the protocol shall be as specified in 1.1.2.7.7.

1.1.2.8  AIR-AIR SERVICE AND SQUITTER TRANSACTIONS

Note.  Airborne collision avaidance system {ACAS) equipment uses the formais UF or
DF equals 0 or 16 for air-nir surveillance.

i.1.2.8.} SHORT AIR-AIR SURVEILLANCE, UPLINK FORMAT 0
1 9 ” 15 B
[ uF ] | RL ] | AQ I DS | [ AP |
5 22 5

The format of this interrogation shall consist of these fields;

Field Reference
UF uplink format Spare- 3 bits 1.1.23.2.1.4
R1. reply Jength Spare bits- 4 bils 112,812
AQ acquisition L1281
DS dala sclector Spare- 10 bits 112813
AP Address/parity 1.1232.13

112811 AQ: Aequisition. This 1-bit (14) uplink field shall contain a code which controls the
content of the RI ficld.

1.1.2,8.1.2  RL: Reply length. This 1-bil (9) uplink fickd shall command the fonmal to be used
for the reply.
Coding
0 signifies a veply with DF =0

1 signifies a reply with DF =16



Note.— A transpender that docs not support DF = 16 {that is, transponder which does not
support the ACAS cross-link capability and is not associated with airborne collision
avoidance equipment} would not reply to a UF+0 interrogation with RL=!.

1.1.2.8.1.3 DS: Data selector. This 8-bit (15-22) vplink ficld shall contain the BDS code
(1.1.2.6.41.2.1) of the GICB register whose contents shall be refurned to the
conresponding reply with DE = 16.

1.1.2.82 SHORT AIR-AIR SURVEILLANCE, DOWNLINK FORMAT 0
1 9 14 0 33

8 3
‘ oF | vs ! cc [ | st [ I e l { AC [ A0 I
y n T 2 56

This reply shall be senl in response to an interrogation with UF equals 0 and RL. equals 0. The
format of this reply shall consist of these fields:

Ficld Reference
DF downlink format 1.1232.12
V5 vertical siatus 1.128.2.1
CC cross-link capability 1.1.2.823
Spare- [ bit
SL sensitivity Jevel, ACAS 1215
Spare - - 2 bits
RI ceply information 112822
Spare bits- 2 bits
AC altitude code 1.1.2.6.5.4
AP Addressfparity 1.1.232.13

[.1.2.8.2.1  ¥S: Vertical status: This |-bit (6) downiink field shall indicate the status of the
aircraft (1.1.2,6,£0.1,2).

Codiug
0 significs that the aircraft is airborne
| significs that the aircraft is on the ground

1.1.2.82.2  RI: Reply informaiion, air-air. This 4-bit (14-17) downlink field shail report the
aircraft’s maxinum cruising e aitspeed capability and type of reply to
interrogating aircraft. The coding shall be as fotlows;



0 signities a reply to an air-air interrogation UF =0 with AQ = 0, no
operating ACAS

1-7  reserved for ACAS

815 significs a reply to an air-air intervogation UF =0 with AQ = 1 and that
the maximum airspeed is as follows:

B no maximum airspeed dala available

9 maximum airspeed is .LE, 140 km/h (75 ki)

10 maximum airspeed is .GT. 140 and .LE, 280 kavh {75 and 150 kt)

11 maximum airspeed is (GT. 280 and .LE. 560 knv/h (150 and 300 kt)

12 maximum atespeed is .GT. 560 and ,.LE. t 110 kin/h (300 and 600 ki)

13 maximum airspeed is .GT. [ 110 and .LE, 2 220 kn/h {600 and [ 200 ki)

14 maximum airspeed is more than 2 220 kavh (1 200 ki)

[5  not assigned.

Note.— “.LE.” means “less than or equal to” and *“.GT." means “greater than”,
1,82823  CC: Cross-fink eapabifity. This 1-bit {7} downlink field shall indicate the ability of
the transponder to suppori the cross-link capability, that is, decode the contents of
the DS fietd in an interrogation with UF equals 0 and respond with the contents of

the specified GICB register in the corresponding reply with DF equals 16,

Coding

0 signifies (hat the (ransponder cannot support the cross-link capability
I signtfies that the transponder supports Lhe cross-link capability.

1.1.2.83 LONG AIR-AIR SURVEILLANCE, DOWNLINK FORMAT 16

t § 9 14 20 3 89

Por fws | ] s | | » | [ 2 | w | w |

6 1 17 32 8 Hz2

This reply shall be sent in response (o an interrogation with UF equals 0 and RL equals 1. The
format of this reply shall consist of these fields:

Field Reference
DF downlink formal 1.1232.12
V8 vertical status Spare- 2 bits 1.1,2.8.2.
SL sensitivity level, ACAS Spare - 2 bils L1215

RE reply information  Spare bits- 2 bits 112822



AC altitude code 1.1.2.6.5.4
MV message, ACAS 1.1.2.83.1
AP Address/parity 1123213

[.1.2.8.3.1 MV Message, ACAS. This 56-bit (33-88) downiink ficld shatl contain GICB
information as requested in the DS field of the UF 0 interrogation that elicited the

reply,
Note— The MV ficld is also used by ACAS for air-air coordination
1.1.2.8.4 AIR-AIR TRANSACTION PROTOCOL

Note.- Interrogation-reply coordination for the air-air formats follows the protocol outlined in
Table 1-7 in Schedule 1 (1.1.2.4.1.3.2.2).

The most significant bit (bit 14) of the RF field of an air-air reply shall replicate the value of ihe
AQ field {bit 14) received in an interrogation with UF equals ¢.

I AQ equals 0 in the interrogation, 1he RI field of the reply shali contain the value 0.

If AQ equals T in the interrogation, the R field of the reply shall contain the maximun: cruising
true airspeed capability of the aircraft as defined in 1.1.2.8.2.2.

In response to a UF = 0 with RL = 1 and DS # 0, the transponder shall reply with a DF = 16
reply in which the MV ficid shall contain the contents of the GICB register designated by the DS
valye. In response to a UF = 0 with RL = | and DS = 0, the transponder shall reply with a DF =
16 with an MV field of all zeres. Receipt of @ UF = 0 with DS # 0 bat RL = 0 shall have no
associated ACAS cross-link action, and the transponder shall reply as specified in 1.1.2.8.2.2.

1.1.2.8.5  ACQUISITION SQUITTER

Note— SSR Mode S transponders transmit acquisition squitters {unsolicited downlink
tansmissions) (o permit passive acquisition by intexvogators with broad antenna beams, swhere
active acquisition may be hindered by all-call synchronous garble. Bxamples of such
interrogators are an airborne collision avoidance systern and an aimport surface surveillance
system.

1.1.2.8.5.1  Aequisition squitter format. The format used for acquisition squitter transmissions
shall be the all-call reply, (DF = 11} with 1I:- 0.

1.1.2.8.5.2  Acquisitlon squitier rafe. Acquisition squitter transtnissions shall be emitted at
random intervals ihat ave wniformly distribuled over the range from 8.8 to 1.2
secoilds using a time quantization of no greater than (5 miiliseconds relative 1o the
previous acquisition squitter, with the follawing exceptions —



fa) the scheduled acquisition squitter shall be delayed if the transponder is in a
transaction cycle {1.1.2.4.1);

{b} the acquisition squittey shall be delayed if an extended squiticr is in process;

(c) the scheduled acquisition squitier shall be delayed if a mutual suppression
interface 15 active {see Note 1 below); or

() acquisition squitfers shall onfty be transmitted on the surface if (he fransponder
is nol reporting Ihe surface position type of Mode S extended squilter, An
acquisition squitter shatl not be interrupted by link teunsactions or mutual
suppression activity after the squiller transinission has begun,

Note 1.— A mutual suppression system may be used to connect onboard cquipurent
operating in the same frequency band in order to prevent mutual interference, Acquisition
squitter action resumes as soon as practical after 2 mutual suppression interval.

Note 2— The surface repart type may be selected automalically by the aircraft or by
commands from a squitter ground station (1.1.2.8.6,7).

1.1.2.85.3  Acquisition squitter anfenna selection. Transponders operaling with antenna
diversity (1.1.2,10.4) shall transmit acquisition squitters as follows - -

@) when aitborne {£.1.2,8.6.7), (he transponder shall transinit acquisition squitters
allernately from the two antcnnas; and

(b when on the surface (1.12.8.6.7), the teansponder shall transmit acquisition
squiiters under control of SAS (1.1.2.6.1.4.1 f)). In the absence of any SAS
commands, use of the top antenna only shall be the delault,

Note.— Acquisition squitters are nof emitted on the surface if the transponder is reporting

the surface type of extended squitter (£.1.2.8,6.4.3).

1.1.2.8.6 EXTENDED SQUITTER, DOWNLINK FORMAT 17

1 6 9 33 89
[ oF I cA I A | ME 1 Pi ]
5 8 2 P 12

Note. SSR Mode S transponders transmil extended squitiers to support the broadcast of
aircrafi-derived position for surveillance pwrposes. The broadeast of this type of



information is @ form of awtomtic dependent surveillance (ADS) known as ADS-
broadcast (ADS-B),

1.1.2.8.6.1  Extended squitter format, The format used for the extended squitter shall be a 112-
bit downlink format
(DF = 17) containing the following fields:

Field Refcrence

DF downlink format 1,1.23.2.1.2
CA capability 1,1.2.5.2.2.1
AA address, announced 1.1.2.5222

ME message, extended squitter 1.1.2.86.2
PI parity/interrogator identifier 1.1.23.2.14

1.1.2.8.6.2 ME: Message, extended squitter. This 56-bit (33-88} downlink field in DF = 17
shall he used to transmit broadcast messages. Extended squitter shal! be supported
by registers 03, 06, 07, 08, 09, 0A {H1EX} and 61-6F {11KX} and shall conform to
either version 0 or version 1 message formals as described below ~

{(a} Version 0 ES message forinafs and related requirements are suitable for carly
implementation of extended squitler applications. Surveillance quality is reported
by navigation uncertainty categary (NUC), which can be an indication of cither
the accuracy or integrity of the navigation data used by ADS-B. However, there is
no indication as to which of these, integrity or accuracy, the NUC value is
providing an indication of} or

(b} Version 1 BS message formats and related requirements apply to more advanced
ADS-B applications, Surveillance accuracy and integrity are reporled scparaicly
as navigation accuracy category (NAC), nuvigation integrity category (NIC) and
surveillance integrity level (SIL), Version | ES formats also include provisions
for enhanced reporting of status information.

Note |.— The formats and update rates of each register are specified in the Technical
Provisions for Mode S Services and Extended Squitter (ICACQ Doc 9871).

Note 2.— The formats for the two versions are inferoperable. An extended squitter recetver can
tecognize and decode both version 0 and version 1 message formats.

Note 3.— Guidance inaterial on fransponder register formats and data sources is included in the
Technical Provisions for Mode S Services and Extended Squitter { ICAO Doc 9871).

1.1.2.8.63  Extended squitter types



1.1,2.8.6.3.1

Airhorne position sguitter. The airborne position extended squitter type shall nse
format BF = 17 with the conlents of GICB register 05 {HEX} inserted in the MK
field.

Note.— A GICB request (1.1.2.6.11.2) containing RR equals 16 and DI equals 7 and
RRS equals S will cause the resulting reply to contain the airborne pasition report in its
MB field.

L1.2.8.63.1.1

SSS, swrveillance status subfield in ME. The transponder shall report the
surveillance status of the tansponder in this 2-bit (38, 39) sublield of ME when
ME contains an airborne position squitter report.

Coding

0

1
2
3

signifies no status information

significs transponder reporting permanent alert condition
significs (ransponder reporling & lemporary alert condition
signifies transponder reportiag SPI condition

Codes | and 2 shall take precedence over code 3,

1.1.2.8.63.1.2

1.1.2.8.6.3.1.3

1.1.2.8.6.3.1.4

ACS, aliitude code subfield in ME. Under control of ATS (1.1.2.8.6.3,1.3), the
transpotider shall report cither navigation-derived altitude, or the barometric
altitude code in this ]2-bit (41-52) subfield of ME when ME contains an
aithorne position report, When baromelric altifude is reported, the contents of
the ACS shall be as specificd for the 13-bit AC field (1.1.2.6.5.4) except that
the M-bit (bit 26) shall be omitted.

Control of ACS reporting. Transponder reporting of altitude data in ACS shall
depend on the altitude type subfieid (ATS) as specified in 1.1.2.8.6.8.2.
Transpondcr insertion of barometric allitude data in the ACS subfield shall take
place when the ATS subfield has the value of ZERQ, Transponder insertion of
barometric altitude data in ACS shall be inhibiled when ATS has the value {.

Swurfuce position squirter. The surface position extended squitter type shall use
formal DF = 17 with the conlents of GICB regisier 06 {HEX} inserted in the
ME ficld.

Note.— A GICB request containing RR equals 16 and DI equals 7 and RRS equals 6 will
cause the resulting reply to contain the surface position report in its MB field.

1.1.2.8.6.3.2

Aiveraft identification squitter. The aireraft identification extended squitter type
shall use farmat DF = 17 with the conlents of GICB register 08 {HEX} inserted
in the ME field.



Note.— A GICB request containing RR equals 16 and DI equals 7 and RRS equals 8 will
cause the resulting reply to contain the aircraft identification report in its MB field.

1.1.2.8.63.3  Airborne velocity sguitter. The airborme velocity extended squitter type shall use
format DF = 17 with the contents of GICB register 09 {HEX} inscrted in the ME
field.

Note.— A GICB request containing RR equals 16 and DI equals 7 and RRS equals 9 will
cause
the resulting reply to contain the airborne velocity report in its MB fieid,

1.1.2.8.634  Periodic statis and evemt-driven squifiers

1.1.2,8.6.34.8  Periadic status squitter. The periodic status extended squitter types shall use
format DF = 17 to convey aireraft status and olher surveiilance data. The
aircrafl operational status extended squitter type shall use the contents of GICB
register 65 {HEX]} inscrted in the ME ficld, The target state and status
extended squitter type shall nse the contents of GICB register 62 {HEX}
inserted in the ME field.

Note 1.— A GICB request (1.1.2.6.11.2) containing RR equals 22 and DI equals 3 or 7 and RRS
equals 5 will causc the resulting reply to contain the aircraft operational status message iit its MB
field.

Note 2— A GICB request (1,1,2.6.11.2) conlaining RR equals 22 and DI equals 3 or 7 and RRS
equals 2 will cause the resulling reply to contain the target state and status infonuation in its MB
field,

1.1.2.8.63.42  Eveni-driven squifter. The event-driven extended squitter type shall use format
DF = 17 with the contents of GICB register 8A {HEX} inserted in the ME
field.

Note.— A GICB request (1.£.2.6.11.2) containing RR equais 16 and DI equals 3 or 7 and RRS
equals 10 will cause the resulting rcply 1o contain the event-driven message in its MB ficld.

1.1.2.8.64 Fxtended squitter rate

1.1.2.8.64.1  Initialization. At power up ivitialization, the transponder shall commence
operation in u mode in which it broadcasts only acquisition squitters {1.1.2.8.5).
The transponder shall initiate the broadcast of extended squitters for airborne
posilion, surface position, airtborne velocity and aircrafl identification when data
are inserted into transponder registets 05, 06, 09 and 08 {HEX}, respectively.
This determination shall be made individually for each squitter type. When



extended squitters are broadeast, transmission rafes shall be as indicated in the
following paragraphs. Acquisition squitters shali be reported in addition to
extended squitfers unless the acquisition squitter is inhibited, Acquisition
squitters shall always be reported if postiion or velocity extended squitters are
nof reported.

Note 1.— This suppresses the transmission of extended squilters from aircraft that are unable to
report position, velocity or identity. [f input to the register for a squitter type stops for 60
seconds, broadeast of that exiended squitfer type will be discontinued until data insertion is

resumed,

Note 2.--- Afler timeout (1.1.2,8.6.6), (his squitfer type may contain an ME ficld of all zcroes.

1.128.64.2

1.12.8.64.3

1.1.28.644

Airborne position squitter rafe. Aitbome position squitter transmissions shall be
emitted when the aircraft is aitborne (1.1.2.8.6.7) at random intervals that are
uniformly distributed over the range from 0.4 to 0.6 seconds using a time
quantization of no greater than 15 milliseconds relative to the previous aitborne
posilion syuitice, with the exceptions as specified in 1.1.2.8,6.4.7,

Suvface position squitter rate. Surface position squitfer transmissions shall be
emitted when the aircraft is on the surface (1.1.2,.8.6.7) using one of two rates
depending upon whether the high or low squitfer rate has been selecied
(1.1.2.8.6.9). When the high squitier rate has been selected, surface position
squiliers shall be entitted at random intervals that are uniformly distributed over
the range fiom 0.4 to 0.6 seconds using a time quantization of no greater than 15
milliseconds relative to the previous surface position squitter (termed the high
rale). When (he low squitler rate has been selecled, surface position squitters
shall be emitted al random infervals that are uniformly distributed over the vange
of 4.8 to 5.2 sceonds using a time quantization of no greater than 15 milliseconds
relative fo the previous swrface position squitter (termed the low rae).
Exceptions to these transmission rales are specified in 1.1.2.8.6.4.7.

Alrveraft identification squitter rafe. Aircraft identification squittet transmissions
shall be cmilted at random infervais that are wniformly disteibuted over the range
of 4.8 10 5.2 scconds using a time quantization of no greater than {5 milliseconds
relative to the previous identification squitter when (he aircrafi is reporting the
airbarne position squitter fype, or when the aircrafl is reporting the surface
position squitter type and the high surface squitter rate has been selected, When
the surface position squitter type is being reported at the low surface rate, the
aircraft identification squitter shall be emitied at random intervals that are
uniformly distributed over the range of 9.8 to 10.2 seconds vsing a time
guanlization of no grealer than 15 milliscconds relative to the previous
identification squitter. Exceptions 10 these transmission rales arc specified in
1.1.2.8.64.7.



[.12.8.6.4.5

1.1.2.8.6.4.6

{.1.2.8.64.6.1

Airborne velacity squitter rate. Aitbome velocity squitter fransmissions shall be

emitted when the aircraft is aitborne (1.1.2.8.6.7} at random intervals that arc
uniformly distributed over the range from 0.4 to 0.6 seconds using a time
quantization of no greater than 15 mitliseconds relative to the previous aitborne
velacity squitter, with the exceptions as specified in 1.1.2.8.6.4.7,

Periodic status and event-driven squilter rates

Periodic status squitfer rates. The periodic status squitter types supported by
a Mode S extended squitter transinitting sysiem class, as specified in
regulation 59 (2) shall be periodicalty emitted at defined intervals depending
on the on-the-ground status and whether their content has changed.

Note.— The aircraft operational status extended squitter type and the targel state and
status extended squitter type rates are specified in the Technical Provisions for Mode §
Services and Ixtended Squitter {(Doc 9871),

1.1.2.8.64.6.2

Fivent-driven squitter rate. The event-driven squitter shall be transmitted once,
cach time that GICB register 0A {HEX] is loaded, while observing (he delay
condilions specified in 1.1.2.8.6.4.7, The maximum transmission rate for the
event-driven squitter shall be limited by the transponder to twice per second, If
a message is inserted in the event-driven regisfer and cannof be transmitted due
to rate Jimiting, it shall be held and transmitted when the rate limiting eondition
has clearcd. If a new message is received before fransmission is permilted, it
shall overwrite the carlier message.

Note.— The squitter transmission rate and the duration of squitter fransmissions is
application-dependent. Choices made for each application must consider inferference
considerations as shown in the Aeronantical Surveillance Manual (Doc 9924).

1128647

Delayed iransmission. Extended squitter transmission shall be delayed in the

following circumstances —
{a) if the transponder is in a transaction cycle (1.1.2.4.1);
(b) if an acquisition or another type of extended squitier is in process; or

(¢} if a mutual suppression interface is active.

The delayed squitter shall be transeitted as soon as the transponder becomces available.



1.1.2.8.6.5 Extended squiiter antenia selection, Transponders aperating with antenna
diversity {1.1.2.10.4) shall transmit extended squittcrs as folkows —

(a) when airborne (1.1,2.8.6.7), the transponder shall wanstit each type of extended
squitter allernately front the two antennas; and

(b) when on the surface (1.1.2.8,6,7), the transponder shall transmit exiended squilters
under confrol of SAS (1.1.2.6.1.4.1 ).

In the absence of any SAS commands, use of the top antenna only shail be the default condition.

1.1.2.8.6.6  Register time-ont. The transponder shall clear alt 56-bits of the airborne
position, surface posifion, squitter status and airborne velocity information
transponder registers 05, 06, 07 and 09 {HEX} if these registers are not
updated within (wo seconds of the previous update. This time-out shall be
determined separately for each of these registers,

Note 1,— Termination of exlended squitter broadceast is specified in the Technical Provisions
for Mode S Services and Extended Squitter (Doc 9871).

Note 2.— These registers are cleared (o prevent the reporting of outdated position, velocity and
squitter rate information,

1.1.2.86.7 Airbornefsurfuce state determinafion. Aircraft with an automatic means of
determining on-the-ground conditions shall use this input to sclect whether
to report the aitborne or surface message types. Aircraft without such means
shall report the airborne type messages, except as specified in Table -9
Schedule 1. Use of this table shall only be applicable ta aircraft that are
equipped to provide data for radio altitude AND, as a mininnim, airspeed
OR ground speed. Othenwise, aircraft in (he specified calegorics thal arc
only equipped to provide data for nirspeed and ground speed shall broudcast
the strface format if:
airspeed < 50 knots AND ground speed < 50 knots

Aircraft with or without such automatic on-the-ground determination shall set and report the on-
the-ground status {and therefore broadeast the surface type format) as commanded by control
codes in TCS (1.1.2,6.1,4,1 £)), After time-out of the TCS commands, control of airborne/susface
defermination shall revert to the means described above.

Note.— Extended squitter ground stations determine aircraft airborne or on-the-ground
status by monitoring aiteraft position, altitude and ground speed. Aircraft determined to
be on the ground that are not reporting the on-the-ground status will be commanded 10 sel
and report the on-the-ground statos via TCS (1.1.2.6.14.1 £)). The notmal return to
aircrafi control of the vertical status is via a ground command to cancel the on-(he-ground



status. To grard against loss of camymupications after take-off, commands to set and
report the on-the-ground status automatically time-out.

.1.2.8.6.8 Squitter status reporting. A GICB request (1,1.2,6,11.2) containing RR equals 16
and DI equals 7 and RRS equals 7 shall cause the resuliing reply to contain the
squitter status report in its MB field.

1.1.2.8.6.8.1  TRS, transmission rate subfield in MB. The transponder shall report the

capability of the aircraft to automatically determine its surface squitter rate and
its current squifter rate in this 2-bit (33, 34) subfield of MB.

Coding

0 significs no capability to awtomatically determine surface squitter rate

1 signifies that the high surface squitter rate has been selected

2 signifies that the low surface squitter rate has been selected

3 unassigned

Note 1.— Liigh and low squitter rate is detcrmined on board the aircraft,

Note 2.— The low rate is used when the aireraft is stationsry and the high rate is used
when the aircrafl is moving. For details of how “moving” is determined, see the data
format of register 0716 in the Technical Provisions for Mode S Services and Exfended
Squitter {Doc 9871),

1.1.2.8.6.82 ATS, aftitude type subfield in MB. The transponder shall report the type of
altitude being provided in the airborne position extended squitter in this 1-bit (35)
subfield of MB when the reply contains the contents of transponder register 07
{HEX}.

Cocding

0 signifies that barometric altitrde shall be reported in the ACS
(1.1.2.8.6,3.1.2) of transponder register 05 {11EX},

1 signifies that navigation-derived altifude shall be reported in the ACS
(1.1.2.8.6.3.1.2) of transponder register 05 {HEX}.

Note.--- Details of the conients of transponder registess 05 {HEX} and 07 {HEX} are
shown in the Technical Provisions for Mode S Services and Extended Squitter (ICAQ
Doc 9871).

1.1.2.8.6.9  Surface squitter rate control, Surface squitter rate shall be determined as follows —

(a} once per second the contents of the TRS shall be read. If the value of TRS is
0 or 1, the transponder shall transmit sueface squitéers at the high rate. If the



vilue of TRS js 2, the transponder shall transnit surface squitters at the low
rate;

(h) the squilter ratc determined via TRS shail be subject Lo being overridden by
commands received via RCS (1.1.2.6.1.4.1 ). RCS code [ shall cause the
transponder to squitter at the high rate for 60 seconds. RCS code 2 shall cause
ihe transponder to squitter at the low rate for 60 seconds. These commands
shall be able to be refieshed for a new 60 second period before time-ont of the
prior period; and

(c) after time-out and in the absence of RCS codes | and 2, conttol shali return to
TRS.

1.£.2.86.10 Latitudeliongitude coding using conipact position reporting (CPR). Mode 8
extended squitter shall use compact pasition reporiing (CPR) to encade latitude
and longitude cfficiently into messages.

Note.— The method used to encode/decode CPR is specified in ihe Technical Provisions
for Mode S Services and Extended Squitter (ICAQ Doc 9871},

1.12.8.6.11  Data insertion. When the fransponder delermines that it is time 1o emit an
airborne position squitter, it shatl insert the current vafue of the baromelric altiftude
{unless inhibited by the ATS subficld, 1.1.2.8,6.8.2) and surveiltance status into
the appropriate fields of register 05 {HEX}, The contents of this register shall
then be inserted into the ME field of DF = 17 and transmitted.

Nate.— [nsertion i this manner ensures that (1) the squitter contains the latest altitude
and surveillance status, and (2) ground read-oud of register 05 HEX) will yield exaclly
the sanie information as the AC field of a Mode S surveillance reply.

1.12,8.7  EXTENDED SQUITTER/SUPPLEMENTARY, DOWNLINK FORMAT (8

0010 Ch3 Pl:24

Note |.— This format supports the broadcast of extended squitter ADS-B messapes by
non-transponder devices, that is, they are not incorporated into a Mode S transponder. A
separafe format is used to clearly identity this non-transponder casc to prevent ACAS 11
or extended squitter ground stalions from attempting to interrogate these devices.

Note 2.— This format is also vsed for ground broadcast of ADS-B related services such
as traffic information broadeast (T18-B3).



Note 3.— The format of the 717 = 18 transmission is defined by the value of the C¥ field.

1.1.2.8.7.0  ES suppiementary format. ‘The format used for ES supplementary shall be a 112-bit
downlink format (DF = 18) containing the following ficlds:

Field Reference
DF downlink format 1.1.23.2.1.2
CF control field 1,1.2.8.7.2

PI parityfinterropator identifier 1.123.2.14

1.1.2.87.2  Controf field. This 3-bit (6-8) downlink field in DF = [8 shall be used to define the
format of the 112-bit transmission as follows —

Code = ADS-B ES/NT devices that report the [CAO 24-bit
address in the AA field (1.8.7)

Code 1 = Reserved for ADS-RB for ES/NT devices that use
other addressing technigues in the AA field
(1.1.2.8.7.3)

Code 2 = Fine format TIS-B message

Code 3 = Coarse format TIS-B message

Code 4 = Reserved for TIS-B manugement messages

Code 5 = TIS-B messages that relay ADS-B messages that
use other addressing techniques in the AA field

Code 6 - ADS-B rebroadcast using the same type codes and
message formats as defined for DF -~ 17 ADS-B
nessages

Code 7 = Reserved

1.1.2,8.73 ADS-B for extended squitter/non-ttansponder (1iS/NT) devices

10810 CF=<0 AA:24 ME:56 Pl:24

1.1.28.73.1  ES/NT format. The format used for ES/NT shall be a 112-bit downlink format
(DF = 18) containing the following fields —

Fickd Reference

DF downlink format 1.1.2.3.2.1.2
CF control field=0 1.1.2.8.7.2



AA address, abnounced 1.£.2.5222
ME message, extended squitter £128.6.2
PI parity/interrogator identifier 1.1232.1.4

1.1.28.7.3.2

1.1.2.8.7.3.2.1

11287322

1.1.2.8.73.23

1.1.2.8.7324

1.1.2.87.3.25

1.1.2.8.73.25.1

112873252

1.1.2.8.7.33

1.1.2.87.3.3.1

ES/NT squilter types

Airborne position squitter. The airborne position type ES/NT shall usc formal
DF = 18 with the format for register 35 {HEX} as defined in §,.1.2,8.6.2
inserted in the ME field.

Surface position squitter. The surface position type IES/NT shall use format DF
= 18 with Lhc format for register 06 {HEX} as defined in 1.1,.2.8.6.2 inserted in
the ME field.

Aireraft identification squitfer. The aircyaft identification type ES/NT shall vse
format DF = 1§ with the format for register 08 {HEX} as defined in 1.1,2.8.6,2
inscried in the ME field.

Afrborne velocity squitter, The airborne velocity type ES/NT shall use format
DF 18 with the format for register 09 {HEX} as defined in 1,1.2.8.6.2
inserted in the ME field.

Periodic status and event-driven squilters

Periodic status squitters. The periodic status cxlended squitter types shall use
format DF = 18 1o convey aircrafi status and ofher surveillance data, The
aircralt operalional slatus extended squitter type shall use the format of GICB
register 65 {HEX} as defined in 1.1,2.8.6.4.6.] inserted in the ME fieid, The
target state and status extended squitter type shall use the format of GICB
register 62 {HEX} as defined in 1.1.2.8.6.4.6.1 inserted in the ME field,

tovent-driven squitier. The event-driven type ES/NT shall use format DF = 18
with thie farmat for register 0A {HEX} as defined in 1.1.2.8.6.2 inserted in
the ME field.

ES/NT squitter rate.

Initialization. At power up initialization, the non-transponder device shali
commence operation in a made in which it does not broadcast any squitters.
The non-transponder device shall initiate the broadcast of ES/NT squitters for
aishorne position, surface position, airbome velocity and aircraft identification
when data arc available for inclusion in the ME ficld of these squilter types.
This determination shall be made individually for each squitter type, When



ES/NT squitters arc broadcast, transmission rates shall be as indicated in
1.12.8.64.2to 1.1.2.8.6.4.6,

Note t— This suppresses the transmission of extended squitters from aircraft that arc
unable to repoit position, velocily or identity. If input to the register for squitter types
stops for 60 seconds, broadeast for this extended squitter type will cease uutil data
insertion resumes, except for an ES/NT device operating on the surface (as specified for
exfended squitter Version | formats in the Technical Provisions for Mode S Services and
Extended Squitter (Doc 9871).

Note 2.— After timeout {1.1.2.8.7.6) this squitter type may contain an ME field of all

ZCI08,

1.1.2.8.7.33.2  Delayed transmission. ES/NT squitter {ransmission shall be delayed if the non-

1.1.28733.3

1.1.2.87.3.34

1.1.2.873.3.5

transponder device is busy broadeasting one of the other squitter types.

The delayed squitter shall be transmitted as soon as the non-transponder device
becomes available,

ES/NT antenna selection. Non-transponder devices operating with antenna
diversity {1.10.4) shall transmit ES/NT squitters as follows:

{a} when airborne {1.1.2.8.6.7), the non-transponder devicec shall fransmit
each type of ES/NT squitter alternately from the two antennas; and

{6} when on the surface (1.1.2.8.6.7), the non-transponder device shall
{ransmiit ES/NT sqnitters using the top antenna,

Register fimeout. The non-transpender device shall clear all 56-bits of the
airborne position, surface position and velocity registers used for these
messages if these registers arc not updated within tivo seconds of the previovs
update. This timeout shall be determined separately for each of these rogisters.

Note 1.— The termination of an extended squitter broadcast is specified in the
Technical Provisions for Mode S Services and Extended Squitter { ICAO Doc
9871).

Note 2.— These registers are cleared to prevent the reporting of outdated position
and velocity information.

1.1.2.8.7.3.3.6  Airbornefsurface state defermination. Aircrali with an automatic means of

determining the on-the-ground state shail use this inpuot to seleet whether to
report the airborne or surface message types except as specified in



1.1,2,6.10.3.1 and 1.1.2.8.6.7. Aircraft without such means shall reporl the
airborme lype mcssage, except as specified in 1.1.2.8.6.7

1.1.2.8.7.33.7  Surface squitter rate control. Aircraft motion shall be dotermined once per
second. The surface squitter tate shall be set according to (he xesults of this
determination,

Note.— The algovithm to determine aircraft motion is specified in the definition of
register 0716 in the Technicat Provisions for Mode S Services and Exiended Squitter
(1CAO Dac 9871).

1.1.2.8.7.4  Use of ES by other siwveillance systems.
1.1.2.8.74.1  Surface system control

When a surface surveillance system uses DF=18 as part of a surveillance function, it should not
use the formats that have been allocated for the purpose of surveillance of aircraft, vehicles or
obstacles.

Note 1.— The formats allocated for the purpose of surveillance of aircrafi, vehicles or
obstacles are specified in the Technical Provisions for Mode 8 Services and Extended
Squitier ICAQ Doc 9871},

Nole 2,— The transmission ol any message format used for conveying position, velocity,
identification, slate information, etc., may result in the initiation sud maintenance of talse
tracks in othet 1090ES receivers. The use of these messages for this purpose may be
prohibited in the future.

1.1.28.7.42  Surface system siatus- The surface system stalus message type (Type Code=24)
should be the only message used to provide the status or synchronization of
surface surveillance systems.

Note.— The surface system statas message is specified in the Technical Provisions for
Maode S Services and Extended Squitter (CAO Doc 9871). This message will be used
only by the surface surveillance system that generated it and will be ignosed by other
surface systemns.

1.1.2.8.8 EXTENDED SQUITTER MILITARY APPLICATION, DOWNLINK FORMAT
19

1001 AF:3




Note.— This format supports the broadcast of extended squilter ADS-B messages in
support of military applications. A separate fornat is vsed fo distinguish these extended
squitters from the standard ADS-B message sct broadesst using DF = 17 or 18,

1.1.28.8.1

1.1.2.88.2

.1.2.8.9

1.1.2.89.1

1.1.2.89.2

1,1.2893

Military formar. The format used for DF = 19 shall be a | 1 2-bit downlink format
containing the following fields —

Field Reference
D¥ downlink format [.1.23.2.1.2
AF Control field 112882

Application field, This 3-bit (6-8) downlink field in DF = 19 shall be used to define
the format of the J12-bit transmission.

Code 0 to 7 = Reserved
EXTENDED SQUITTER MAXIMUM TRANSMISSION RATE

The maximum total nnmber of extended squitters (DF = 17, 18 and !9) emitted by
any cxlended squitter installation shall not exceed 6.2 per second, except as
specified in 1.1.2.8.9.2.

For installations capablc of cmitting DF = {9 squiiters and in accordance with
1.1.2.8.8, transmission rates for lower power DF = 19 squitters shall be limited to a
peak of forty DF = 19 squitters per second, and thirty DF = [9 squitters per second
averaged over 10 seconds, provided that the maximum ftotal squitter power-rae
product for the sum of full power DF = 17 squitters, full power DF = [8 squilters,
full power DF = 19 squitters, and lower power DE = 19 squitters, is maintained at
or below a level equivalent to the power sum of 6.2 full power squitters per second
averaged over 1¢ seconds.

The Authority shall ensure that the use of low power and higher rate DF = 19
operation (as per 1.1.2.8.9.2) is compliant with the following requirements ~

(@) it is limited to formation or element lead aitcraft engaged in formation flight,
direcling the messapes toward wing and other lead aircraft through a
directional antenna with a beam-width of no more than 90 degrees; and

{b) the type of information contained in the DF = 19 message is limited to the
same type of information in the DF = 17 message, that is, information for the
solc purpose of safety-of-flight.

Note.— This low-power, higher squitter rate capability is intended for limited use
by State aircraft in coordination with appropriate regulatory bodies.



1.1.2.8.9.4  All UF = 19 airbore interrogations shall be included in the interference control

provisions of 1.1.2.2.2.2,

.1.2,¢ AIRCRAFT IDENTIFICATION PRGTOCOL

1.1.2,9.1

1.1.29.1.1

112912

1

Aircraft identification reporting. A ground-initialed Comm-B request (1.1.2.6.1£.2)
containing RR equals 18 and either DI does not equal 7 or DI equals 7 and RRS

equals @ shall cause the resulting reply to contain the aircraft identification in its MB
field.

AIS, aircrafi identification subfield in MB. The transponder shall report the aircraft
identification in the 48-bii (41-88) AIS subfield of MB. The aircraft identification
transmitted shal} be that employed in the flight plan, When no flight plan is
available, the registration marking of the aircraft shall be inserted in this subfield.

Note.— When the registration marking of the aircraft is used, it is classified as
“fixed direct dala”. When another Lype of aircrall identification is used, it is
classified as “variable direct data”.

Coding of the AIS subfield, The AlS subfield shall be coded as foltows:

41 47 i3 §9 65 7t 7 a3

I BDS ] Char. 1 l Chat, 2 l Chat. 3 1 Char. 4 l Char. & | Char. 6 l Char. 7 l Char. 8 [

40

48 62 58 64 10 16 82 88

Note.— Aircrall identification coding provides up (o eight characters,

The BDS code [or the aireraft identification message shall be BDSI equals 2 (33-36) and BDS2
equals 0 (37-40). Each character shall be coded as « 6-bit subset of the International Alphabet
Number § (IA-5) as illustrated in Table 1-8. The character code shall be transmitted with the
high order unit {46) first and the reported airerafl identification shall be transmitted with its lefi-
most charscler first, Characters shall be coded conseculively without intervening SPACE code.
Any unused character spaces at the end of the subfield shall contain a SPACE charactet code.

1.1.29.1.3

1.129.14

Aireraft identification capability report. Transponders which respond to a ground-
initiated requesl for aircraft identification shall report this capability in the data
link capability report (1.1.2.6,10.2.2.2) by setting bit 33 of the MB subfield to 1.

Change of aircraft identification. If the aircraft identification reported in the AIS
subfield is changed in flight, the transponder shall report the new identification to
the ground by use of the Comm-B broadcast message protocel of [.6,11.4 for
BDSI = 2 {33 ~ 36) and BDS2 = 0 (37 - 40). The transponder shall initiate,



1.1.2.16

generate and announce the revised aircraft identification even if the interface
providing flight identification is lost. The transponder shall cnsure that the BDS
code is set for the airoraft identification report in all cases, including a loss of the
interface. In this latter case, bits 41 - 88 shall contain al] ZEROs.

Note.— The setting of the BDS code by the transponder ensurcs that a broadcast
change of aircraft identification will contain the BDS code for all cases of flight

identification failure (e.g. the loss of the interface providing flight identification).

Hssential System Characteristics of the SSR Mode S Transponder

1.1.2.10.1. Transpouder sensitivity and dynamic range. Transponder sensitivity shall be

defined in terts of a given interrogation signal input level and a given percentage
of corresponding replies. Only correct replies containing the required bit pattern for
the intervogation reccived shall be counted. Given an interrogation that requircs a
reply according to 1.1.2.4, the minimum triggering level, MTL, shail be defined as
the minimum input power level for 90 per cent reply-to-inferrogation ratio. The
MTL shall be —74 dBm 3 ¢B, The reply-to-interrogation ratio of a Made S
transponder shall be -

{a} at least 99 per cent for signal input levels between 3 dB above MTL and -21 dBin;

and

{3) no more than 10 per cent at signal input levels below ~81 dBm.

Note.— Transponder sensilivity and outpul power are described in this section in
terms of signal level at the terninals of the antenna. This gives the designer freedom
to arrange the installation, optimizing cable length and receiver-transmitter design,
and does not exclude receiver or transmitter componenis from becoming an integral
part of the antenna subassembly.

L.1.2.10.1.1.  Reply ratio in the presence of interference

Note,— The foilowing paragraphs present measures of the performance of the Mode §
transponder in the presence of interfering Mode A/C interrogation pulses and low-level
in-band CW interference.

1.12.10.1.1.1, Reply ratio in the presence of an imerfering pulse. Given a Mode §

interrogation which requires a reply (1.4), the reply ratio of a fransponder shall
be at least 95 per cenl in the presence of an interfering Mode A/C interrogation
pulse if the level of the interfering pulse is 6 dB or more below the signal level
for Mode S input signal levels between —68 ddm and 2] dBm and the
interfering pulse overlaps the P6 pulse of the Mode § interrogation anywhere
afier the sync phasc reversal. Under the same conditions, the reply ratio shall



11.2.10.1.1.2.

[.1.2.10.1,13,

1,1.2.10.1.1 4.

1.1.2.10.1.1.5.

1,1.2.10.1.1.5.1.

1.§.2.10,1.1.5.2,

be at least 50 per cent if the inferference puise Jevel is 3 dB or more below the
signal level.

Reply rafiv in the presence of pulse pair interference. Given an interrogation
which requires a reply (1.4), the reply ratio of a transponder shall be at least 90
per cent in the presence of an interfering PE - P2 pulse pair if the {evel of the
inter{ering pulse pair is 9 dB or more below signal leve] for input signal levels
between —68 dB3m and —21 dBm and the £1 pulse of the inferfering pair occurs
no cartier than the £1 pulse of the Mode S signal.

Reply ratio in the presence of low level asynchronoirs inferference. For all
received signals between —65 dBm and —21 dBm and given a Mode S
interrogation that requires a reply according to 1.4 and if mo lockout condition
is in effect, the transponder shall reply correctly with at least 95 per cent reply
ralio in the presence of asynchronous interference, Asynchronous interference
shall be taken to be & single Mode A/C interrogation pulse occurring at all
repetition rates up to 10 000 Hz at a level 12 dB or more below the level of the
Mode S signal.

Note.— Such puises may combine with the P1 and P2 pulses of the Made $
interrogation to form a valid Mode A/C-only all-call interrogation. The Mode S
transponder does not sespond to Mode AJ/C-only ali-call interrogations. A
preceding pulse may also combine with the P2 of the Mode S interrogation lo
form a valid Mode A or Mede C interrogation. However, the PL ~ P2 pair of
the Mode S preamble takes precedence. The Mode S decoding process is
independent of the Mode A/Mode C decoding process and the Mode §
inlerrogation is accepted,

Reply ratio in the presence af low-level in-band CW interference. In the
presence of non-cohcrent CW interference at a frequency of 1 030 10.2 MHz
at signal levels of 20 dB or mare below the desived Mode A/C or Made §
interrogation signal level, ihe transponder shall reply correctly fo at least 90
per cent of the interrogations.

Spurious response

The response to signals not within the receiver pass band shall be at least 60
dB below normal sensitivity.

For equipment certified after { January 2011, the spurious Mode A/C reply
1afio generated by low level Mode 8 interrogalions shall be no more than —



{a) an average of 1 per cent in the input interrogation signal range between -81 dBm
and the Mode S MTL; and

(6) a maximum of 3 per cent at any given level in the input interrogation signal range
between —81 dBm and the Mode S MTL.

Note |.— Failure to detect a low level Mode S interrogation can also resulf in the
transponder decoding a three-pulse Mode A/C/S all-call interrogation, This would
result in the transponder responding with a Mode S all-call {DF = 11) reply, The
above requirement will also controf these DF = 11 replies since it places a limit on the
probability of failing to correctly detect the Mode S interrogation.

Note 2. More information about issuing a type certificate for aircraft and separate
design approval can be found in the Airworthiness Manual (Doc 9760).

1.1.2.10.2,  Transponder peak pulse power. The peak power of each pulse of a reply shall

(a) not be less than 18.5 dBW for aircraft not capable of operating at altitudes
excceding 4 570 m {15 000 ft);

(b} not be less than 21.0 dBW for atrcraft capable of operating above 4 570 m (15
000 R);

{(¢c) not be tess than 21.0 dBW for aircraft with maximum cruising speed exceeding
324 kin/h (175 kt); and

() nat cxceed 27.0 dBW.

1.1.2.10.2.1.  Inactive state fransponder autput power. When the transponder is in the inactive
state the peak pulse power at | 090 MHz plus or minus 3 MHz shall not excced
-50 dBm. The inactive state is defined to include the entive period between
transmissions less 10-microsecond transition periods preceding the first pulse
and following the last pulse of the transmission,

Note.— Inactive state transponder power is constrained it this way to ensure that
an aircraft, when focated as ncar as 185 m (0.1 NM) to a Mode A/C or Mode S
interrogator, does not cause inleeference to that installation. In certain applications
of Mode S, aitbomme collision avoidance for example, where a | 090 MHz
transmitter and receiver are in the same aircraft, it may be necessary to further
constrain the inactive state transponder power.

1.0.2.10.2.2.  Spurious envission radiation

(W radiation shatl not exceed 70 dB below 1 watt.



.1.2.103.  SPECIAL CHARACTERISTICS
1.1.2.103.1.  Mode § side-lobe suppression

Note,~— Side-lobe suppression for Mode S formats occurs when a P5 pulse overtays the
location of (he sync phase reversal of P, causing the transponder to fail 10 recognize the
interrogation,

Given a Mode S interrogation that requires a reply, the transponder shafl

(a) at all signal levels between MTL +3 dB and -21 dBin, have a reply ratio of less than -
10 per cent if the received amplitude of 15 exceeds the received amplitude of £6 by 3
dB or more; and

(b) at all signal levels between MTL +3 dB and —21 dBm, have a reply ratio of at lcast 99
per cent if the reecived amplitude of P6 exceeds the received amplitade of PS5 by 12
dB or more,

1.1.2,1032.  Mode S dead time. Dead time shall be defined as the time interval beginning a
the end of a reply transmission and ending when the transponder has regained
sensilivity to within 3 dB of MTL. Mode 8 transponders shall not have more
than 125 microseconds’ dead lime.

1.1.2.10.3.3.  Mode S receiver desensitization, The transponder’s receiver shall be desensitized
according to 1.1.1.7.7.1 on receipt of any pulse of more than 0.7 microseconds
duration,

1.1.2.103.3.5.  Recovery from desensitization, Recovery frotn desensitization shall begin at
the trailing cdge of each pulsc of a received signal and shall occur at the rate
determined 1.1.1.2.7.2, provided that no reply or data transter is made in
response to the received signal,

1.1.2.10.3.4.  Recovery after Mode § interragations that do not elicit replies
11.21034.1.  Recovery afier a single Mode S interrogation
1.1.2.10.3.4.1.1.  The transponder shall recover sensitivity to within 3 dB of MTL, no later

than (28 nicrosceonds after receipt of the sync phase reversal following a
Mode S interrogation that is not accepted or that is accepled but requires no

reply.

1.1.2,10.3.4.1.2.  The transponder shall recover sensitivity to within 3 dB of MTL no later
than 45 microseconds after receipt of the sync phase reversal following a



1.1,2.10.3.4.1.3.

L.1.2,10.34.2.

Made § interrogation that is not accepted or that is accepted but requires no
reply.

All Mode S transponders installed on or after | January 1999 shall recover
sensitivity to within 3 dB of MTL no later than 45 microscconds after
receipt of the sync phase reversal following a Made S intersogation that is
not accepted or that is accepted but requires no reply.

Recavery dfter a Mode § Conm-C interrogation. A Mode 8 transponder with
Comm-C capability shall recover sensitivity to within 3 dB of MTI. no later
than 45 microseconds after receipt of the sync phase reversal following
acceptance of a Comm-C inierrogation for which no reply is iequired.

1.1.2,103.5.  Umwanted Mode S replies. Mode S transponders shail not generate unwanted
Mode S replies more often than once in 10 seconds. Installation in the aircraft
shall be made in such a manner that this standard shall be achieved when all
possible interfering equipments installed in the same aircraft are operating at
maximum interference levels.

1.1.2.133.5.1.

Unwanted Mode S replies in the presence of low-level in-band CW
inferference. In the presence of non-coherent CW interference at a frequency
of 1 030 £0.2 MHz and at signal levels of -60 Bm: or less, and in the absence
of valid interrogation signals, Mode S transponders shall not generate
wnwanted Mode S replies more often than once per 10 seconds.

1.4.2.10.3.6.  Reply rate limifing

Note— Reply rate limiting is determined separately for Modes A and C and for Mode S.

1.1.2.1¢.3.6.1.

1.1.2,10.3.6.2.

Mode S ren'y rate limiting. Reply rate limiting is not required for the Mode S
formats of a transponder. If such limiting is incorporated for circuit
protection, it shali permit the mininunn reply iatcs required in 1.1.2.10.3.7.2
and 1.1.2.103.7.3.

Modes A and C reply rate lhniting. Reply rate limiting for Modes A and C
shall be affected according to 1.1.1.7.9.1. The determined sensilivity
reduction shatl not affect the Mode S performance of the transponder.

1.1.2.10.3.7.  Minimum reply rate capability, Modes A, C and §

1.1.2.10.3.7.1.

All reply rates specified i 1.1.2.10.3.7 shall be in addition to any squitter
transmissions (hat the transposnder is required 1o make,



1.1.2.103.72,  Minimmum reply rate capabilily, Modes A and C. The minimum reply rate
capahility for Mades A and C shall be in accordance with 1.1.1.7.9.

[.1.2.10.3.9.3.  Minimum reply rate capability, Mode S. A transponder capable of
transmitting only short Mode S replies shall be able to generate replies at the
following rates -

50 Mode S replies in any 1-second interval;

18 Mode S replies in a 100-millisecond interval;
8 Mode § replies in 2 25-millisecond interval; or
4 Mode S replics in a 1.6-millisecond intcrval;

In addition to any downlink ELM transmissions, a ievel 2, 3 or 4 teansponder shall be able to
generate as long replies at least —

{a) 16 of 50 Mode S replies in any 1-second interval;
(&) 6 of 18 Mode S replics in a 100-millisecond interval;
(c) of 8 Mode § replies in a 25-millisecond interval; and

(d} of 4 Mode S replies in a 1.6-millisecond interval;

Transponders used in conjunction with ACAS shall be able to pencrate as long replies at least —
{a) 60 Mode S replies in any {-second interval;
(b) 6 of 18 Mode S replies in a 100-millisecond interval;
(c) of 8 Mode S replics in a 25-millisecond interval ;and

() of 4 Mode S replies in a 1.6-millisecond interval;

In addition to dowanlink ELM transmissions, a level 5 transponder shall be able to generale as
long replies af least -

() 24 of 50 Mode S replies in any ]-second interval;
() of 18 Mode S replies in a 100-mitlisecond interval;
fc) 6 of 8 Mode S replies in a 25~-millisecond interval; and

{d) of 4 Mode S replies in a 1.6-millisecond interval



1,1.2.103,7.4. Minitmnon Mode S ELM peak reply rate

Notc |.— When a downlink ELM is initialized,, the Mode S wansponder announces the
length (in segments) of the waiting message. The transponder must be able to transmit
this number of segments, plus an additional margin to make wp for missed replies, during
the beam dwell of the ground interrogator.

At least once cvery second a Made S transponder equipped for ELM downlink operation shall be
capable of transmitting in a 25-millisecond interval, at least 25 per cent more segments than have
been announced in the initialization The minimum length downlink ELM capability for level 4
and 5 transponders shall be as specified in 1.1,2.10,5.2.2.2,

Note 2.— A transponder capable of processing the maximum length downlink ELM {16
scgments) is therefore required to be able to transmit 20 long replics under the above
conditions. Level 4 transponders may be built which process less than the maximum
message length. These transponders cannot initialize & message length that exceeds their
transmiiter capability. For example, a transponder that can transmit at most 10 long
replies under the above conditions can never announce a message of more than 8
segments.

1.1.2.10.3.8.  Reply delay and jitter

Note.— After an interrogation has been accepted and if a reply is required, this reply
transmission begins after a fixed delay needed to carry out the protocols. Different values
for this delay are assigned for Modes A and C, for Mode S and for Modes A/C/S all-call
replies.

1.82.103.8.1,  Reply delay and jitter for Modes A and C. The reply delay end jitter for
Modes A and C transactions shall be as provided in 1.1.1.7.18,

1.1.2.10.3.8.2.  Reply delay and jitter for Mode 5. For all input signal levels between MTL
and ~2] dBm, the leading edge of the first preamble pulse of the reply shall
accur 128 plus ar minus (.25 microsceond afier the sync phase reversal of the
received P6. The jitter of the reply delay shall not exceed 0.08 microsecond,
peak (99.9 percentile).

1.1.2103.8.3.  Reply delay and jitter for Modes A/C/S afl call. For afl input signal levels
between MTT, +3 dB and -21 dBm the leading edge of the first preamble
pulse of the reply shall accur 128 plus or minus 0.5 microseconds after the
leading cdge of (he P4 pulse of the interrogation. Jitter shall not exeeed 0.1
microsecond, peak (99.9 percentile).



Note.— A peak Jitter of 0.1 microsecond is consistent with the fittcr determined in
L.1.1.7.10.

1.12.10,3.9,

Timers, Duration and features of timers shall be as shown in Table 1.9, All
timers shall be capable of being restarted. On receipt of any start cominand, they
shatl run for their specified times. This shal) occur regardless of whether they are
in the running or the non-runuing state at ihe time that the start command is
received. A conunand fo reset a fimer shall cause the timer {o stop running and to
return Lo its initial state in preparation for a subsequent start comnand,

1.0.2.10.3.10. Inhibition of repiies. Replics 10 Mode A/C/S all-call and Mode S-only all-calt

interrogations shall always be inhibited when the aircrafl declares the on-the-
ground state, Tt shall not be possible to inhibit replies to discretely addressed
Mode S interrogations regardless of whether the aircraft is aitborne or on the
groung,

[.1.2.103.18.1,  Aircrafl shall provide means to determine the on-the-ground state

automatically and provide that information to the transponder.

1.1.2.103.10.2. Mode A/C replies shall be inhibited when the aircraft is on the ground fo

1.1.2.10.4.

1.1.2.10.5.

1.12.10.5.1.

prevent interference when i proximity {o an interrogator or other aircraft,

Nofe.— Mode S discrefely addressed interrogations do not give rise to such
interference and may be required for data link communicaiions with aireraft on
the airport surface. Acquisifion squiller transmissions may be uscd for passive
surveillance of aircrafl on the airport surface,

Transponder antenna system and diversity operation, Mode S transponders
equipped for diversily opesalion shall have two RF porls for operation with two
antennas, one anfenna on the top and the other on the boitom of the aivcrafl’s
fuselage. The received signal from one of the antennas shall be selected for
acceptance and the reply shall be fransmitted from the selected antenna only.

Rodiation patfern. ‘The radiation pattem of Mode S antennas when installed on an
aircraft shall be rominally equivalent fo that of a quarter-wave monopole on a
ground plane,

Note.— Transponder antennas designed to increase gain at the expense of vertical
beamwidth are undesirable because of their poor performance during tums.

Anterma location. The top and bottom antennas shall be mounted as near as
possible to the centre line of the fuselage. Anfennas shall be located to minimize
obstruction to (heir fields in the horizontal plane,



1.1.2.10.5. L1

1.12.10.5.2,

The hotizontal distance between the top and bottom antennas shati not be
greater than 7.6 m (25 ft).

Note,— This recommendation is intended to support the operation of any
diversity transponder (including cables) with any diversity antenna installation
and still satisfy the requirement of 1.1.2,10.4.5.

Antenna selection. Mode S transponders equipped for diversity operation shall
have the capability to evalvate a pulse sequence simultaneously received on both
antenna channels to determine individually for each channel if the P1 puise and
the P2 pulse of a Mode S interrogation preamble meet the requirements for a
Made S interrogation as defined in 1.1.2.1 and if the Pt pulse and the £3 pulse
of 2 Mode A, Mode C or intermode inferrogation meet the requitements for
Mode A and Mode C interrogations as defined in [.F.1,

Note. - Transponders equipped for diversity operation may optionally have the
capability to evaluate additional characteristics of the received pulses of the
interrogations in making a diversity channel sclection, The transponder may as an option
evaluate 2 complete Modc S inferrogation simultaneously received on both channels to
determine individually for cach channel if the interrogation meels the requirements for
Mode S interropation acceptance as defined in 1.1.2.4.1.2.3.

1121052,

L.1.2.10.5.2.2.

1.1.2.30.5.2.3.

1.1.2.10.5.2.4.

If the two channels simuitaneously receive at least a 'l — P2 pulse pair that
meets the requirements for a Mode S inferrogation, or & P1 - P3 pulse pair
that meets the requirements for & Mode A or Mode C interrogation, ar if the
(wo channels simultaneously accept a complete injerrogation, the antenna at
which the signal steength is greater shall be selected for the reception of the
remainder (if any) of the interrogation and for the iransmission of the reply.

If only one channel receives a pulse pair that meets the requirements for an
intcrrogation, or if onfy one channel accepts an inferrogation, the antenna
associated with that channel shall be selected regardiess of received signal
strength.

Se¢lection threshold. It antenna selection is based on signal level, it shall be
carxied out at ail signal levels between MTL and 21 dBm.

Note.— Either anienna may be selected if the difference in signal level is {ess
than 3 dB.

Received signal delay folerance. If an interrogation is reccived at one antentia
0.125 microsccond or less in advance of receplion al the other antenna, the



1.1.2.10.53.

1.1.2.10.54.

1.1.2.10.6.

1.1.2.10.6.1.

interrogations shall be simullzneous interrogations, and the above anlenna
selection criteria applied. [f an accepted inferrogation is received at either
antenna 0.375 microsecond or more in advance of reception at the other
antenna, the antenna selected for the reply shail be that which received the
earlier interrogation. If the relative time of receipt is between 0.125 and 0.375
microsecond, the transpender shail select the antenna for reply either based
on the simuliancous interrogation criteria or on the basis of the earlier time of
arrival,

Diversity transmission chamel isolation. The peak RF power transmitled from
the sclected antenna shall exceed the power transiitted from the non-selected
antenna by at least 20 dB.

Reply delay of diversity transponders. The total two~way transmission difference
in mean rcply delay between the two antenna channels (including the diffetential
delay caused by transponder-to-antenna cables and the horizontal distance along
the aircralt center line between lhe iwo antennas) shall not exceed 0.13
microsecond for intemogations of equal amplitude. This requirement shall hold
for interrogation signal stiengths between MTL +3 dB and 21 dBm. The jitler
requirements on each individual channel shall remain as specified for non-
diversity transponders,

Note,— This requirement limits apparent jitter caused by antenna switching and
by cable delay differences.

DATA PROCESSING AND INTERFACES

Direct data. Direct data shall be those which are requived for the surveillance
protocol of the Mode S system,

1.1.2,10.6.}.1.  Fived direct data. Fixed direct data are data from the aircraft which do not

1.1.2.10.6.4.2.

change in flight and shall be:

(a) the aircraft addvess;

(8} 1he maximum airspeed ; and

{c} the registration marking if used for flight identification,

Interfaces for fixed divect data



1.1.2.10.6.1.2.1,  Interfaces from the tansponder 1.1.2.10:5.1.2 to the sircraft shall be
desigued such that the values of the fixed direct data become a function of

the aircraft ins(allation rather than of the transponder configuration.
Note.— The intent of this recommendation is to encourage an intetface technique which

permits gransponder exchange without manipulation of the transponder itself for setting
the fixed direct data.

1.1.2.10.6.1.3. Variable divect data, Variable direct data are data from the aircraft which can
change in flight and shall be —
{«) the Mode C altitude code;
(b} the Mode A identity code;
{c) the on-the-graund condition;

{d} the aireraft identification if different from the registration
marking; and )

(ej the SPI condition.

1.1.2.10.6.1.4.  Interfaces for variable divect data.

1.1.2.10.6.1.4.1. A mcans shalf be provided, whilc on the ground or during flight, for the SPI
condition to be inserted by the pilot, without the entry or modification of
other flight data.

1.1.2.10.6.1.4.2. A means shall be provided, while on the ground or during flight, for the

Mode A identity code te be displayed to the pilat and modified without the
entry or modification of other flight data.

1.12.106.1.43,  For transponders of Level 2 and above, a means shall be provided, while on
the ground or during flight, for the aircraft identification to be displayed to
the pilot, and, when containing variable data (1.1.2.10.5.1.3 d)}, to be
modified without the entry or modification of other flight data.

Note.— Implementation of the pilot action for cntry of data will be as simple and
efficient as possible in order to minimize the time required and reduce the
possibility of errors in the data entry.

1,1.2,10.6.1.4.4, Interfaces shall be included to accept the pressure-aliitude and on-the-
grovmd coding.



Note. - A specific interface design for the variable direct data is nol determined.
1121062, Indivect data

Note.— Indirect data are those which pass through the transponder in either
disection but which do nol affect the surveillance function.

If origins or destinations of indirect data are not within the transponder’s enclosure, inferfaces
shali be used for the necessary connections,

1.1.2.10.6.2.1.  The fitnction of interfaces

Note.— Indirect data interfaces for standard transactions serve interrogations
which require a reply and the broadcast function. Indivect data intetfaces for
ELM serve that system and require buffering and protocol citenitry within the
transponder. Interface poits can be separate for each direction and for each
service or can be combined in any manner.

L12.10.6.2.1.1.  Uplink standard length transaction interface, The uplink standard length
transaction interface shall fransfer all bits of accepted interrogations, (with
the possible exception of the AP field), except for UF =0, 11 or 16.

Note.-— AP can also be transferred to aid in integrity implementation.

112106282, Downlink standard length transaction imerface. A transponder which
transmits information originating in a peripherat device shall be able to
reccive bits or bit patterns for inserfion at appropriate locations within the
transmission, These locations shall not inchude those inte which bit patterns
generated internally by the transponder are inseried, nor the AP fiekd of the
reply. A transponder which transmits information using the Comm-B format
shall have immediate access to requested data in the sense fhat the
transponder shalt respond to an intesrogation with data vequested by that
interrogation,

Note.— This requirement may be met in two ways —

{a) the transponder may have provisions for internal data and protocol
buffering; or

(b) the transponder may employ a “real time” interface which operates such
that uplink dafa leave the transponder before the corresponding reply is
generated and downlink data enter the transponder in time to be
incorporated in the reply.



£1210.6213

Extended length message interface

Note.— The ELM interface extracts from, and enters into, the transponder the
data exchanged between air and ground by means of the ELM protocol.

1.£.2.10.6.2.2.

1.1.2.310.6.2.2.1.

1.1.2,10.6.2.2.2.

Indirect data transaction rafes

Standard length transactions. A transponder equipped for information
transfer 1o and from exlesnal devices shall be capable of processing the data
of at least as many rcplies as determined for minimum reply ratcs in
£.10.3,7.2 and uptink data from interrogations being delivered at a rate of at
least —

(o) 50 long intervogations in any l-second interval;
&) 18 long interrogations in a 100-millisecond interval;
f¢) long interrogations in a 25-millisecond interval; and

{d) long interrogations in g 1.6-millisecond inferval.

Note 1.— A transponder capable of reply rates higher than the minimum
of 1.1.2.10.3.7.2 need not accept long interrogalions after reaching the
uplink data processing lmits above.

Note 2.— The Mode S reply is the sole means of acknowledging receipt of
the data content of a Mode § interrogation. Thus, if the transponder is
cupable of replying to an interrogation, the Mode S installation must be
capable of accepting the data contained in that intcrrogation regardless of
the tiiming between it and other accepted interrogations. Overlapping
Mode S beams from severa! interrogators could lead to the requirement for
considerable data processing and buffcring. The minimum described here
reduces data processing fo a realistic ieve! and the non-accepfance
provision provides for notification to the interrogator that data will
temporarity not be accepted.

Extended length transactions. Level 3 and level 4) transponders shall be
able to transfer data from at least four complete sixteen segment uplink
ELMs in any fowr second inferval. A level 5 transponder shall be able to
transfer the data from at Jeast four complete sixteen seginent uplink ELMs
in any one second interval and shall be capable of accepting at least two



1.1.2.10.6.2.2.2.1,
1.1.2.10.6.2,3,

1.1.2.10.6.2.3.1,

complete sixleen seginent aplink ELMs with the same Il code in a 250
millisecond interval. A level 4 transponder shall be able to transmit af least
one four-segment downlink ELM in any one second interval. A levet 5
transponder shall be able to transmit at least one sixteen segment downlink
ELM in any one secotid interval.

Level 3 and level 4 transponders shall be able to accept at leas! two
complete sixteen segment uplink ELMs in a 250 millisecond interval.

Data formats for standavd length transactions and required downlink aiveraft
parameters (DAPs)

All {evel 2 and above transponders shall support the following registers ~

{(a) the capability reports;

{b) the aircraf} identification protocol register 20 {HEX}; and

()

1.1.2,10.6.2.3,2,

1.1.2.10.6.2.3.3,

for ACAS-equipped aireraft, the active resolution advisory register 30
{HEX}.

Where required, DAPs shall be supported by the registers fisted in Table t-
12. The formats and minimum update rates of transponder registers shall be
impicmented consistently to ensure interoperability,

The downlink standard length transaction interface shall deliver downlink
aircraft parameters (DAPs) to the transponder which makes them available
1o the ground. Each DAP shali be packed into the Comm-B format (*MB’
field) and can be extracted using either the ground-initiated Comm-B
{GICB) protocol or using MSP downlink channel 3 via the dataftash
application,

Note.— The formats and update rates of each register and the dataftash
application are specified in the Technical Provisions for Made $ Services and
Extended Squitter (ICAQ Doc 9871).

1.1.2,10.6.3.  Integrity of data content transfer. A transponder which employs data interfaces
shall include sufficient protection to cusure error rates of less than one rror in

10
bo

3 messages and less than one undetected error in 107 112-bit fransmissions in
th directions between the antenna and each inferface port,

1.1.2.10,6.4. Message cancellation. The dowalink standard length transaction interface and
the extended length message interface shall include the capability (o cancel a



1.1.2.10.6.5.

ntessage sent (o the fransponder for delivery to {he ground, but whose delivery
cycle has not been completed (that is, a closeout has not been accomplished by a
ground interrogator),

Note— Oune example of the need for this capability is io cancel a message if
delivery is attempled when the aiveraft is not within coverage of a Mode §
ground station. The message must then be cancelled 1o prevent it from being
read and interpreted as a chrrent message when the aireraft re-enters Mode S
alrspace,

Air-divecied messages. The trausfer of this fype of message requircs all the
actions indicated in 1.1.2,16.5.4 plus the transier to the transponder of the
intetrogator identifier of the site that is to receive the message,

LI2.(1 ESSENTIAL SYSTEM CHARACTERISTICS OF THE GROUND
INTERROGATOR

Note.— To ensure that Mode S interrogator action is not detrimental to Mode A/C
interrogators, performance limils exist for Mode S interrogators.

112111,  Jutervagation repetition rates. Mode S interrogators shall use the lowest practicable
intercogation repetition rates for all interrogation modes.

Note— Accuraic azimuth date at low interrogation rates can be obfained with
monopulse techniques.

L1Z21LLL

LL2ILLLL,

1211112

£.1.2.11.4.2,

LL21L12.0,

All-call interrogation repetition rate.

The interrogation repetition rate for the Mode A/C/S all-call, used for
acquisition, shall be lcss than 250 per second. This rate shall also apply to the
paired Mode S-only and Mode A/C-only all-cali interrogations used for
acquisition in the multisite mode.

Maximum sumber of Mode S all-call replies friggered by an imtervogator. For
aircraft that arc nol locked aul, a Mode S interrogator shall nol trigger, on
average, more than 6 Mode S all-call replies per period of 200 ms and no
miore than 26 Made S all-call replies counted over a period of 18 seconds.

fnterragation repetition rate to a single aircrafl
Interrogations requiring « reply. Mode S inlerrogations requiring a reply

shall noi be transmitted to a single aircrafl a1 intervals shorter than 400
microseconds,



.12.11,0.22.  Uplink ELM interrogations. The minimum tinie between the beginning of
suecessive Comm-C inlerrogations shall be SO microseconds.

[1.211.1.3.  Transmission rafe for selective interrogations

E1.2.01.1.3.1.  Torall Mode S interrogators, the transmission rate for selective interrogations
shail be -

{a) less than 2 400 per second averaged over a 40-millisecond interval;
and

b) less than 480 into any 3-degree scctor averaged over a l-second
interval.

112,011,132, Additionally, for a Mode S interrogator that has overlapping coverage with
the side lobes of any other Mode S interrogator, the fransmission rate for
selective interrogations shall be -

{a) less than 1 20D per second averaged over a 4-second interval; and
(1) less than 1 800 per second averaged over a |-second interval,

Note.— Typical minimum distance to ensure side lobe separalion between
intcrrogators is 35 km.

1.1.2.11.2,  INTERROGATOR-EFFECTIVE RADIATED POWER

1.1.2,11.2.1,  The effective radiated power of all interrogation pulses shall be minimized as
described in .1.1.8.2.

112,113, fnactive-staie inferrogator outpud power. When the inferrogator transmitter is not
iransmiting an inderrogation, its owlput shall not exceed -5 dBm effcctive radiated
power al any frequency between 960 Midz and 1 215 MHz.

Note.~ This constraint ensurcs that aircraft flying near the inferrogator (as close as
1.85 km {1 NM)) will not reccive inlerference that would prevent them from being
tracked by anether interrogator. In certain instances even smaller inletrogator-to-
aircraft distances are of significance, for example if Mode S sutveillance on the
airport surface is used. In such cases a furiher restraint on inactive state interrogator
output power imay be necessary.



1.1L2.1L.3.1.  Spurious emission radiafion
1.1.2.11.3.1.1.  CW radiation shall not exceed 76 dB below 1 watt,

1.1.2.114,  Tolerances on transmitted signals. In order that the signal-in-space be received by
the transponder as deseribed in 1.1.2.1, the tolcrances on the transmitted signal shall
be as summarized in Table 1-11.

1.1.2.11.5. SPURIQUS RESPONSE

1.1.2.12 The response to signals not within the pass band shail be af feast 60 dB below
normal sensitivity,

1.1.2.12.1.  Lockou! coordination. A Mode 8 interrogator shall nat be operated usitig all-call
lockout untif coordination has been achieved with all other operating Mode S
interrogators having any overlapping coverage volumte in order to ensure that no
interrogator can be denied the acquisition of Mode S-equipped aircraft.

Note.— This coordination may be via ground network or by the allocation of
interrogator identifier (JI) codes and will involve regional agrcements where
coverage overlaps intemational boundaries.

1.1.2.12.2, MOBILE INTERROGATORS

1.1.2.12.2.1. Mobile interrogators shall acquire, whenever possible, Mode $ aireratt through
the reception of squitters.
Note.— Passive squitter acquisition reduces channel loading and can be accomplished without
the need for coordination.



TABLE FOR SCHEDULE 1

Table 1-1 Pulse shapes- Modes S and intermode interrogations

Duralion {Rise time} Decay time)
Pulse Duration  talerance Min. Max, Mtn. Max.
PPy, PP 0.8 .1 0.05 a1 0.05 0.2
P (shon) 0.8 {}1 0.65 .1 0.05 02
P, (long) 1.6 0.1 0.05 0. 0.0% 02
Ps (shor} 16.25 +0.25 0.05 0.t 0.05 0.2
P (tong) 30.25 +0.25 005 0.l 0.05 0.2
S N8 #0.1 .65 0.1 0.05 0.2
Table 1-2. Pulse shapes — Mode S replies
Duration {Rise time} (Decay tme)

Pulse duration  toferance Min. Max. M  Max

0.5 +0.05 0.05 0.1 0.05 0.2

1.0 (.05 0.04 0.1 0.05 0.2




Table 1-3. Field definitions

Frald Format
Designator Function OF DF
AA Address announced 11, 17, 18
AC Altlude rode 4,20
AP Applicatton field iD
AP Address/parity All 0,4, 5. 16,
20, 21, 24
AQ Acquisitton ¢
CA Capability 11,17
CcC Cross-link capabilisy ¢
Ccr Control Aield 18
CL Code labet 1
D Dawnlnk format All
D1 Designaltor 3dentificatlon 4.5,
20, 21
PR Downlink request 4,5, 20,21
DS Pata selectar o
| O Flight status 4, 5,
20, 2%
1C Interrogator code 1§
D Identity 5, 21
KE Conirol, ELM 24
MA Message, Comm-A 20, 21
MB Message, Comm-B 20, 21
MC Message, Comm-C 24
MD Message, Comin-p 24
ME Message, extended squltier 17, 18
MU Moessage, ACAS 16
MV tMessage, ACAS 18
NC Number of C-seginent 24
ND Number of D-segment 24
PC Protocal 4,8,
20, 21
er Pagity/Interrogator Identifter 11,17, 18
PR Probability of reply 11
RC Reply cantro) 24
Rl Reply mformation 0
RL Reply length 0
RR Reply request 14, 5,
20, 21
sSD Speclal designator 4.5,
20, 21
SL Sensitivity Level {ACAS) 4, 16
UF Uplink fornat Alt
UM Uulity message 4,5,
20, 21
Vs Verilcal status 0




‘Fable 1-4. Subfield definitions

ORI
Designator Punttion Freld
ACS Aliltude code sublield ME
AIS Alreraft ldeatilication subfeld MB
ATS AltHude type subfield MB
BNS 1 Conmn-13 data selecior subfeld 3 MB
BDS 2 Conun-13 data setector subfleld 2 MB
1DS {dentifler destgnator subfteld UM
s iterropator tdentiller subltetd SD
UM
1L.OS Lockout subleld SD
1SS Lockout survellance subleld sD
MRS Mulltsite Comm-B subfleld SD
MILS Multisite ELL.M subfield SD
RCS Raie control subleld SD
RRS Reply reguest subfleld sb
RSS Reservatlon status subfleld SD
SAS Surface antenta subleld SD
SCS Sqjuhiter capabiiity subiteld MB
SiC Susveltfance identilter capability MB
SIS SusvestHance identifler subfield sD
SRS Sepgment request subfleld MC
S8S Surveltfance status subfield ME
TAS Transmisston acknowledgement MD
subleld
TCS Type control sublietd SD
TMS Factcal messape subfleld 5D
TRS Transmisston rafe subfleld MB




Tabte 1-5, Interrogation — reply protocol summary

Interrogafion Reply

48 Special conditions DF

0 RI.(3.1.2.8.1.2) equals 0 o
RL.(3.1.28.1.2) equals 1 16 -

4 AR (3.1,2.6:4.2) loss than 16 4
RR ¢3.1.2.6,1.2) equel {0 or greater than 16 20

s RR (3.1.2.6.1.2) less than £6 5
RR (3.1.2.6.1.2} equal to or greater than 16 21

11 Teansponder locked out to intertogator code, IC (3.£.2.5.2.1.2) Nao reply
Stnchastic reply test fails (3.1.2.5.4) No reply
Otherwise u

20 RR.[3.1.2.6.1.2) less than 16 4
RR (3.1,2.6,1.2} equal {0 or greeter than 16 20
AP contains bromicast address (3.1.2.4.5.2.3.1.3) No reply

21 RR.(3.1.2.6.1.2) Yess than 16 5
RR (3.1.2.6.1.2) oqual to of greater thaa (6 21
AP contsins brosdcast addresy (3.1.2.4,1.2.3.1.3) No reply

24 RC(3.1.2.7.0.1} equals Dor L No reply
RC(3.12.7.1.1} equals 2 or 3 %4




Table 1-6. Register 10,6

oy bits
Subfleldy af registor $0;s ME bits
Continuation flag 9 41
Ovorlay command capability 15 97
ACAS capability 16 and 37-40 48 and 69-72
Mode S subnetwork version number 17-23 49-55
Transponder enhanced prolocolk indicator 24 B 56 N
Speoific services capability 25 57
Uplink ELLM capability 26~28 58.60
Downlink BLM capubility 29.32 61-64
Aircraft idontification capability N 33 h 65 h
Squitter cupubility subfield (§5) 34 66
Surveillance identifier code capability (SIC)-W“"".““ . 35 B 67 .
Common vssge GFICRH capability ruport 36 68
PP owis e . 41~56 T 73.33 -




Table 1-7, Surface format hroadeast without an antomatic means of on-the-ground

determination
ADS-B Emitter Catygory bt “A” T
Cadirg Mening GrolesdSpesd Abpeed Ra gp Alcinudt
0 Ha ADG-B emiiar eategany feforoatio Atoayy regert Srbavna position messaps (1,1.29.63.0)
1 | Ugegers so0broe 704 kpy h Alrsys regnt liboeea porition zsssge (3.3.24.63.1)
2 Smu 15 500 0 75 000 B oz 701 10 M 019 &g} <109 4vers £d <106 1imos el <30 St
3 Lange (75 O3 (ha 10 300 090 Ios or 34019 0 334 078 k) <100 knats nd <100 mon =0d <30 (et
4 }Egnmuah;;; <19Q knots e <t0d kot ad 3 feat
s Heavy (> 300000 Ita ¢g $35 078 kg) <100 inots =A <1KHmoh =d <50 fret
Tﬁ High pesformence <ilotncts ol <103 knoty »d <5} fret
(&3 sctalesstion sand THH0 nts}
7 Roteanft Adwzyrrepont xirbams poriton nieseize (3.1.2.6.93.0)
ADSR Emittes Cozgory S22 91 T
Coding Kearing Growud pred Ainpeed Rat g Altinus
0 No ADS-H emitter oxtegary Infarmation Aty repant airhans potitico asize (3.1.26.4.3.0)
1 P Alvays tepixt aliboras ositios menayz (3.0.2.8.6.3.1)
2 Lighterhum-aly Alwaydrepast Gituant positid nmeavge 3.1.28.63.])
3 Parauntisdytiver Alnays repat sirkame hos e reassxge (3.0 28.63.1)
4 Ulna-ligta hamg b paraglider ) Aksayy rept akixana peeiiod measagse 3.1.2.8.63.1)
s Resened Resanved
& Unmunred 2zstal vehick Ahyv2yy repart alrbama pos itica message (0.1.2.8.63.3)
7 Speraanv-anospbasic cehicle <100 kot ] o 1 cli)Jlm;ts | wd <30 fest
ADSB Bioilter Cxtepory S2°C”
0 o ADS-B emitter (egory mfirmetian Always repaal dhidora poaftion mnesze (3.).18.63.0)
i SucCrc Vtoick — emucgenry Yehide Aberays pegnt surbiee positon resatge (3,12 263.3)
2 S\lfxu\ﬂadz - senvie vehick Alerayy nport s face pomition Restaga (3.1.28632)




Abevaya tigoto'd s posilea recs2aga (3.3.2 8.63.1)

3 | Fied pouor o tediered obotnortloa
-7 |Resaved Aeiaved
ADS B it Cecay S4°15
m 3,@-‘3.‘[@
0 {MNo ADSI emiter retegory Infismsstion Aliirga u-i,_}d s sl msage (1,1.28.63.3)
‘ _T Rﬁ!"&i - i e e e et

Table 1-8: Chavacter coding for transmission of alveraft identification by datn link

Rueoved

be 0 ¢ i 1

. n i 9 l

# by LN b
o | o o |0
o | o | o 1
o | o | 1 | o
o | e 1 1
o | t o | o
o | 1 o 1
o T 14 a
o | 1 ( 1
IS ESE
t | o} o1
1 0 1 0 |
1 a 1 t
1 1 o bt o
1 1 o | 1
1 s
1 1 1 )




Table 1-9; Timer characteristics

Tiner Diwvation  Tolarance

Neovie Nuniber ~ Refevence Symbal N ¥ Resatiable
Non-selective lock-out 1 3.1.2692 b4 7] 13 £ no
Temporay alest 1 3124610112 Te 18 41 1o
5M 1 3.1.26.10.13 Ty 18 31 no
Resesvations B, C, D 3* 1261131 Iz 18 &1 yos
Multisite fockout 78 312691 n 18 1 no
* As required

Table 1-10. DAPS registers

Register Name Data content Bits
40 {(HEX)} | Selected verlical MCP/FCU selected 1-13
intentton alttude
FMS sefected alitude 14-26
Barometsic pressure 27-39
selitng minus 860 mb
MCP/FCU mode bits 48-5
Target sllitidle source bits | 54-56
50 {HEX} |Track and e repost | Rolt angle -1
True teack angle 12-23
Ground specd 24-24
Track angle rate 35.45
True alrspeed 45.56
60 {HRX} [Meadingandspeed  [Magnetic heading {-i2
report tndicated alespeed 1323
Mach 24-34
Barometrie altitude fale 3545
Inertsal veatleat velacily 46-56




Table 1-11; Transmitied signal tolcrances

Function Tolerance
Pulse duration Py, Py, Py, Py, Py #0.09 microsecond
Pulve dusation Pg 4020 microsecond
Pulse duration Py - P, #0418 microsecond
Pulse disation Py — P, 0,10 microsecond
Pulze durstion Py~ P, +0.04 microsecond
Pulse duration Py - P> 40.04 microsecond

Pulse duration P; — sync phase reversal +0.04 micxosecond
Pulse duration Py —~ sync phase reversal #0.04 microsecond
Pulse duration Py — aync phase reversal +0.0% microseconsd

Pulze smplitude Py P#05dB
Pulse smplitude P, P,x0.5 dB
Pulse amplitude Py Equal to or greater than P, ~ 025 dB
Pulse riss times 0.05 microsscond minimum,
0.1 microsecond maxinum
Pulse decay times 0.0S microsacond minitmum,

0.2 microsecond maximym
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Figure -1, Pefluftions of secondary survelllance radar waveform shapes, intervals and the
reference point for sensitivity and power
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Figure 1-2. Required spectrum limits for intcrrogator transmitter
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Figure 1-3, Iutermode interrogation pulse sequence
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LS control Py
bansmission N| — 04 ps




Figure 1-4, Mode S interrogation pulse sequence
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Figure 1-5, Required spectrum limits for transponder transmitter

Note.— This figure shows the specirum cenfred on the carrier frcquency and will therefore shifl in its
enfirety plus or minus 1 MHz alony with the cairier frequency
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Fipure 1-6. Made S rveply
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NOTES:

1, XX:M denotes = field designated “XX” which is assigned M bits,
2. N denotes unassigned coding space with N available bits, These shail be coded as ZEROs for
transtmission.



1. For uplink foriats (UF) 0 to 23 the format number corresponds to the binary code in 1he first
five bits of the interrogation. Format number 24 is defined as the format beginning with “11”
in the first two bit positions while the following three bils vary with the interrogation content.

4, All formats are shown for completeness, although a number of them are wnused. Those
formats for which no application is presently defined remain undefined in length. Depending
on future assignment they may be short (56 bits) or long (112 bits) formats. Specific formats
associated with Mode S capability tevels arc described in later paragraphs.

5. The PC, RR, DI and SD fields do not epply to a Comm-A broadcas interrogation.



Figure 1-7, Summayy of Mode S Interrogation or uplluk formais
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NOTES:

I. XX:M denotes a field designated “XX* whicl is assigned M bits,

P:24 denotes a 24-bit ficld rescrved for parity information.

3. N denotes unassigned coding space with N available bits. These shall be coded as ZERQs for
(ransmission.

4, For downlink formats {DF) 0 to 23 the format number comresponds to the binary code in the
first five bits of the reply. Format number 24 is defined as the format beginning with #11” in
the first two bit positions while the following three bits may vary with the reply content,

N



5. All formats are shown for completeness, althongh a number of them are unused. Those
formats for which no application is presently defined remain undefined in length, Depending
on future assignment they may be short (56 bits) or long (112 bits) formats, Specific formats
associated with Mode S capability levels are described in later paragraphs.

6. The Data parity (DP) is used if it has been commanded by the OVC in accordance with
paragraph 1.6.11.2.5,



Figure 1-8. Summary of Mode § reply or downlink formats

S8R automatic pressurc-attitude transmission code

(Pulse position assignment)

PULSRE POSITIONS
RANCR @ or ! a pubse pesttin denotns
atvaxe or presaee ol 2 puls, respectived)
Increments b: [\ A Ar A 1 1] B LN C; C [¥]
”:M} 1] £ T
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~450 @ -350 Q 0 0 i) 3 0 Q0 1 0 1 I
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-0 10 50 g 0 0 G bl ¢ I 1 0 ] |
«15% 1o -50 0 Q 8 @ ] ¢ | | 0 | I
-5 W 50 0 0 0 @ 0 Q 1 ) 9 I ]
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PULSE POSITIONS
(U)o & 3 pulse poskioa depkes

alwenco ar presonee of A pudve, respocively)

C

&

G

B;

i}

Ar

]
0
i}
1]
0

i
1]
0
0
0

0
13
b
0
0

1]
]
g
0
0

¢
0
0
]
0

0
0
0
0
0

0
¢
1]
0
0

0
4
Q
0
0

0
0
0
0
]

RANGE

Increments
{Fect}

28283
L~ e |
EESST2
2z2c2=228

[~ 2R -1
223E23
2853 a

39350
39450
Y550
98650
18750
3B50
39050

o
la
]
lo

39250
39350
3945¢
33550
33650 o

ta 40150
to 40 250

00 to 00
GO o 404650
{0450 o 40590
40550 to 40650

3395¢ o 4005

3/ w0
8BS0 b
10050

40 15¢

lo 40750

€750 10 K30
10850 to 4005
4095 w 41050
1050 to 41150
43550 to dL250

10650

350
450
350
650
%0

4
4
4
4
4

o 260
€21%
v 42250

750 o 180
422580 1w 4235
4235¢ o 42450
42450 w 42650

AL850 1o 41950

4105¢
42050 i

12150

42760
la 42850
I 429%

42950 w 4308

13050 1o 43150

lo 42650

42 550
H#EE
42750
42B50

lo 3250

411%0




PULSE POSITIONS

RANGE {@or 1 b a pulse pasition denvles
afsaxo or presence ufa pulse, respectiiedy)

lmmeazem D, h A Az A o, B, 8y G Ca Gy
41256 1o 43350 0 i i H 4] 1 0 1 ! 0 90
43350 1o 43450 0 | | 1 4] 1 4] 1 1 1 0
4345¢ o 435X g 1 1 ! 92 1 [ 1 9 ] ?
43530 to 43050 L} 1 1 H 9 1 ¢ i 0 L 1
43650 to 43750 9 1 1 ) 0 1 Q 1 0 0 1
43750 o 43880 0 1 1 \ 0 t 1 1 Q i} 1
43850 1o 43950 o 1 1 1 D J: 1 1 9 1 ]
43850 (o 44030 0 1 1 1 [1} 1 1 1 ] 1 Q
WO w HIW D 1 1 1 Q 1 1 1 1 1 9
44150 10 #4280 Q 1 1 1 Q 1 1 1 1 0 [
14250 o 44350 0 1 1 1 o I3 1 9 ] 0 Q
#4350 to 44480 ¢ 1 1 1 Q 1 1 0 1 1 0
444950 w 4453 0 I} 1 1 0 ! 1 13 ¢ 1 i)
44550 (o 44650 ] 1 1 1 D 1 1 a [(] 1 1
446850 to 44750 0 [} 1 1 [ 3 § 9 qa L] 1
44750 o 443850 0 t 1 1 ] 6 1 0 0 ] 1
A4850 o 449%0 0 ) ] 1 a 1] 1 ] @ 1 1
44050 te 45050 b 1 1 1 0 0 1 9 0 1 0
45050 1o 5150 0 4 1 1 o ¢ 1 0 1 ] Li]
45150 to 4528 0 3 1 1 Q 0 1 ¢ 1 0 0
45250 1o 45350 0 1 ] 1 0 0 1 1 1 ¢ 0
15350 to 45450 0 1 1 i i} 0 1 1 1 1 Q
45450 {0 45550 n 3 1 1 1] ] 1 t L] 3 Q
45550 o 45650 0 3 1 t 0 o 1 1 o 1 1
45650 1w 45750 a 1 3 t Q 1] 1 L [ ¢ 1
45750 to 45850 0 1 1 1 0 0 1] 1 o 4 1
45850 to 45950 a i | 1 [} ¢ 0 § [4] 1 1
45050 1o 4805 0 I ] 1 0 0 1] 1 (1] 1 b
46050 1o 46150 0 L} ] t L] 0 o ] 1 l U3
45150 1o 46250 0 1 ] 1 a a o £ 3 Q 0
8250 In 46350 0 i ] 1 [ Q 0 [ L ] 0
41350 1o 4B&50 0 ! t ¢ 0 D] 0 ¢ 1 1 0
40450 {0 406550 0 I 1 t [} U] 0 [ 0 3 0
48550 1o 46650 0 £ 1 1 0 0 o 0 a 3 1
46650 (o 46750 4 i 1 1 ¢ Q ] 0 0 ¢ 1
46750 1o 4885 ¢ 1 [} } Q ¢ 14 ¢ ¢ ¢ i
4685¢ 10 460850 ¢ 1 0 1 ¢ 0 i [} [} i 1
40950 1o 47050 o 1 0 i 14 a ¢ a 4] ] Q
47050 o 475350 4] | [} 1 9 ¢ 0 [} 1 1 L1}
A7 I5¢ 1o 47260 q 1 4] ] 4] ¢ 0 [ I3 ¢ Q
47250 1o 47350 [ t 0 1 [} o ] i ] [ 0
41350 (o 474%0 Q 1 0 L 0 a4 o i i i ¢
7450 (o 475%) Lt} 1 ] H i 0 0 1 0 1 9
47550 1o 47650 [ i ¢ 1 o [} ¢ 1 a t t
476850 lo 477X a 1 0 1 ° [1] [|] ] 1] [ 1




RANGE

absire or pyesonee of 2 puls, respeethedy}

PULSKFOSITIONS
{Bor 1 10 a pulse pasirion denotes

Inceements

{Tect}

£

>

A

Z
=2
'd

&

by

n

47 754
47 850
§7 950
45050
48 150

o 41850
te 47090
in $83050
fo 48150
to 48200

48 250
48 35(
8B 450
48550
45 650

b 43350
i 48450
v ABBW
v 480650
n {8750

48750
A8 850
48950
42050
43150

o 418650
to 4BH%0
to 4850
o 49150
tn 49250

49250
43350
48450
49 550
49 850

W 48350
to 4445
to 419550
to 49650
to 44750

49750
19850
49 950
50050
51

to 49850
to 49050
lo 50050
o 501508
o 50250

60 250
50 350
50 450
50 550
0850

o 50358
lo 50450
to 50550
v 50659
o 50750

50150
5085
50950
51050
51 150

o 50850
o 50958
to 51060
lo 51150
w 51250

51250
§11350
51458
41550
41650

to 51350
to $14%0
to 51550
to 5165
to 51750

51 750
5/ 850
61950
§2 050
52 150

to 51850
to 51850
o 52050
to 52150
ty 52250
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PULSE POSETIONS
{Qor 3 inx puksc postiion denotes
alencaor presence of 3 pulsy, respectedy)

RANGE

Increments

Feet)

b

D

-4

z

&

=

2

=

o

(]
~

o

52250
2350
52 450
52 550
52 b50

o 52314
1o 52450
lo 52550
to 52050
o 52750

§2780
52850
52050
43050

150,

lo 528%0
to 52940
(e 5305
lo §3150
lo 5325%G

53 254
53350
53 45¢
33 550
§3650

@ 533%
e 53450
to 53550
o 5365
1 53750

i

53750
53 350
33950
54050
54 150

o 53850
to 53050
o 54050
ta S1E50
ta 54280

51250
54350
54450
515850
54 650

o 54350
o 54450
to 51550
fo 5469
te 54750

54750
51850
$4050
559050
55 150

o 54850
fa 54950
ta 55050
o B5150
ta 55250

55250
55350
55 450
55550
55650

to 59350
fo 55450
o 55550
ta 55650
¢ 55750

55710
55850
$5950
56050
58150

o 5583
o S5850
o 5805
In 58150
lo 55250
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56 650
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RANGE

afwarceor presoice of a pules, nspeciely)

PULSE POSTTIONS
{ror { g pube positlon deactes

Fncrements
Feet}

g

B

>

b
=

r4
s
=

=

£

o

fa

5675¢
%6 830
56650
57050
§7 150

lo
v
]
to
ln

51850
569%
$7050
57 850
57250

57250
57350
57 45¢
57 550
57650

5738}
§74%0
57650
57850
57150

57150
§7 850
57 950
59058
58150

57850
57R50
580%
iR 150
34250

58 250
58350
58450
58 550
59650

78350
3450
58§50
53650
58 750

58750
$ER50
58950
53058
59 150

4R850
58830
59050
591%0
59250

O o = e &S = e DD - DD DD -

50260
59350
59450
59550
59650

59350
59450
59550
53650
59750

3750
§9840
2050
#6050
) 150

59858
59950
60050
60150
40250

0250
£0350
0 450
00550
60 650

60350
(L]
60550
Cn6s0
G0 758

0750
60 85¢
t095¢
619050
6l 150

6083
60850
G10%
61150
6§ 240
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RANGE

absence ar presonce of a pulw, respeciively)

PULSE POSITIONS
{@or | in a pobse position denod's

e rementy

frect)

=

ks

g
ol

=

L

»

e

o

[
-

GLZ50
61350
61450
63 350
6] 650

ta @) 3%
ta 014
o 61550
a 81650
to G175

61 750
Bt 330
G4 950
62 050
62150

lo 51850
10 81950
I 62050
lo 8215
1o 0225

§2 250
5235
62450
62 550
62 6%)

la 62350
1o 62450
lo 62550
o 625%
o 62750

62759
62850
62950
63 050
63 150

0 62850
lo 62950
to 63050
to 63150
to 63250

63250
63350
63 450
63 550
63650

ta (3350
10 63450
to 03550
fo 63650
0 63750

53750
03 850
63 950
£4 650
61 150

to 630
o 63930
o 94050
o 65150
to 6424

G4 250
G4 350
64 450
61 550
B4 050

o 04350
o 03450
lo 64550
to 64650
lo 64750

64750
63850
64950
65050
65 150

o 61850
© 61550
o 65050
1 6515
© 65250

65250
65 350
65 450
G4 550
5 6%

65350
o 654%
to 65550
0 65630
to 65750
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HANGE

PULSE POSITIONS

Qo 1 in a pubse posttion demtes

abseace o preseniv of a puise, cospectively)

Incrvesnents
(Feet)

E

i

b
[

2

3

n

&
~

o

65 850
65058
6605
GB 350
65250

65750 1o
G850 10
65050 10
5050 1o
66150 do

68250 10
66350 o
E6450 1o
66550 1o
66650 1o

686 350
60 450
66 550
8450
60750

G5 BS0
68 BS0
67 05¢
&7 150
57 250

§6750 e
66850 1o
66950 Io
BT050 o
61150 o

67 350
G7 450
67 950
67 450
63 750

GT25¢ to
67350 1o
67450 w
G550 t
67650 1o

47 850
67950
68050
68 150
8 250

6T 750 o
G735 te
GOS0 i
68050
GBI50 o

§8 350
68 450
68 550
68650
68 750

68250 tu
GH35¢  fu
68450 1o
G850 b
64650 o

G8 850
68950
64050
68150
69 250

63750 to
C8B50
68650 o
69050 o
693150 ‘o

69350
69 450
9550
£2350
69750

69250 o
64350 (o
9450 W
Ge550
£ 650 to

60730 o
GEB50 (o
68050 1
oS0 1o
WIS 10

G3 850
69950
70050
70150
0250
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PULSR FOSIT3ONS

RANGR {0or I ina pubse position depoles

abstnce or presence of a pulst, respocifind)

e B D A A A B % B|G o G
0256 ta 703%0 ) 1 R t ¢ ¢ o 1 a0
030 o 70450 t 1 ¢ 6 ' [ R i 1 9
0450 @ 70550 1 1 ¢ 0 1 ¢ 0 0} @ 10
050 to 70650 1 1 o 0 1 8 b 0 | o 1 1
0650 o 76750 ! I IR 1 a4 o _b!s o 1
0750 o 70850 1 1 0 [ 1 ¢ o 0 ¢ 0 1
0850 to 70850 1 TR t t 8 8 o | o8& !
10950 o 7108 1 1 0 8 1 I I I 1
050 0 71150 1 1 0 1 1 ¢ o 0 1 L2
150 1o 71250 1 I ] [ 10 a | 04
W20 ta 263% 1 1 0 1 I 0 ¢ : 1 a0
T30 w2450 1 t e 3 ; b0 1 1 i 0
TH450 10 71550 I 1 o 1 1 ¢ 0 ¢ ¢ 1 ©
155 10 7165 1 ! 0 1 1 e o i 0 1 I
7650 fo 71750 1 1 ] [ [ a4 t ¢ 0 1
TL750 1o 7¢450 ) 1 0 { I Q i i 5 @ 1
850 e 71950 1 I 6t i ¢ 1 ! 0 1 1
858 1 72050 1 1 0 1 1 a ! i o L@
72050 4o 7215 1 ! 0 1 (SN ! 1 I T
12150t 72250 ! ! 6 1l 1 0 i ! 1 g 0
12250 to 7235 1 0 0 1 t B ; 0 1 0
7235 to 724%0 1 t 0t t ¢ 1 ) 1 i ¢
12450 ta 72550 i 1 0 1 1 1 6 | @ I 0
12550 % 72650 I I 8 1 1 0 t o | ¢ ! 1
12650 Jo 72760 ! ! 0 1 L i ¢t |l o o [
72750 to 72850 [ i 0 1 i 1 [ @ | b 0 1
2850 o 72050 I i 6 1 1 I t o | o t 1
72050 to 73080 I ' o 1 I I t g | ¢ t o
73050 10 73150 I ! ¢ 1 1 I t o 1 L0
73150 lo 73250 1 ! 8 ! t ! i ! 1 ¢ ¢
13250 1o 7335 1 t 0 1 1 [ i i 1 00
BI6 o TN 1 1 ¢ 1 ! 1 : 1 l t o
73450 o 73550 1 ! 6 ¢ 1 1 1 0 i (]
73550 1o 73650 1 | 6 1 1 1 t 1 ) i )

73650 1o 73750 t i 0 1 Lo i 1 R
110 0 13850 1 i 0 1 t 1 0 1 Y 1
73850 1o 73950 1 1 6t : I ! 1 0 i )
73050 to 74050 ! ’ 0 ' [ 1 0 I 0 1 0
00 lo 74150 1 t 0 1 1 ( ¢ 1 I 1 o
WU o 2% t 10 1 ! t 0 1 [ 8 ¢
" 1o 74350 I i 6 i : [ ) t o 0
I to 74450 ! 1 0 [ 1 1 DI 1 10
TASO o 14550 t 1 e 1 1 ! ¢ 9} 0 1 0
M50 fo T4E50 t $ o | ! t b ¢ | 0 t I
60 o 4750 i 1 ® t i t o o0 | 0 o 1




RANGE

absonce or prosendy: 0fo puls, respociisely)

PULSE MOSITIONS
{ or I tn a pulse poshtion denofey

Incrpnxenis
{iiect)

=
~

F

z

>
=

>
B
¥

[
-

]
-

Y
~

&

750 1w 74850
T80 to 74850
74950 1w 15050
78050 to 76050
75150 ¢ 76250

75250 10 75380
1535 o 75450
75450 o 755N
75550 to 15650
75050 o 75750

o R e e

coooitoe e
=

=

W0 10 T585
75850 ¢ 75050
HBH50  ta 76050
GOS0 to 6150
6150 30 74250

PR e - O C O T D D - -

-
=

70260 to 78350
76350 10 76458
76450 (o 70550
6550 o 70650
650 o 76750

BIW 10 76850
76830 ta 76950
16958 1 77050
O 0 I
750 1o 77240

ooec o cie = oo

1250 10 77350
350w 77450
7450 10 77550
TS5 1o 77650
W65 (@ 77750

150 16 77850
17B50 1o 77950
790 1 7805
78050 (o TRISO
78150 10 7R 250
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RANGE

PULSE FOSITIONS

{Qor t e prube posttin denoles

absone of presoee of & pule, respectisely}

Ingrements

fFret)

s

Ed
=

>

=

o
~

b

2]

o

g3
-

70 250
19350
79 450
79550
79 650

o 72350
lo 78450
w 79550
o 70650
i 79750

8750
7985
18 950
80050
80 150

o 7083
lo 7HEB50
o 80050
o 8150
lo 80250

80 250
80 350
80 450
80 550
80650

1o 80350
lo BO450
lo 80550
lo 80650
lo 80750

80750
80 850
£0450
81 050
81 540

lo BOEBSG
lo 80950
o 81030
lo 831150
lo B1250

81250
81350
81 450
81 580
81650

fo 8t 350
lo 81450
lo 81530
1o Bi650
o 81730

81750
81 850
31 H50
22050
82150

lo #1850
to 81t RSO
o 62950
to B2 150
o #2250

82250
82350
82450
82550
AZ 550

o 82350
to B2450
to 82650
fo 82650
to B2 750

8275¢
82 850
8255¢
3050
833150

to B285C
ta 82850
o 83050
i 83150
fo 83250

83250
83350
83 450
83 550
83650

fo 83350
to 83450
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SCHEDULE 2
ACAS SYSTEM
(Reg. - 28, 30, 32, 37, 39, 40, 47, 48, 50, 54, 56-59, 63 and 63)

1. Mode A/C ACAS Iinterference linsits,

4
Upper tiat for (3 £, (0}
=
IA Ih <24 i »240
@ 250 118
H 260 H}
2 250 108
3 250 103
4 250 08
3 250 84
[} 250 89
7 250 44
| 256 i)
9 250 "
16 245 70
t) 228 65
12 210 &0
13 193 55
H | 175 50
t5 158 45
18 144 4t
17 126 36
{8 109 3t
i9 1] 26
20 74 2l
21 68 17
=22 12 12
where:
My = mimber of opersting ACAS Il and ACAS I equipped sircraft near own (based on ACAS broadeasts received
witha sponder roceives lsreshold of - 74 dBpy);

{} = average value of the expression within lhe brackels ovet Tast § inlerrogation cyclcs]

Pky -~ peak power radialed trom the antenna in all diccetions of the pulse having dhe largest amplituds in the group of
pulses comprising a single itterrogation during the Ath Mode A/C interrogation ina | s inlenogation cycle, W:

x = {ndex nunttrer for Mode AIC infermogations, £=1, 2, . k;

I number of Mode A/C inte (ions t itted fu a 1 s intervogation cycle;

5 = Mode A/C reply mte of own transponder.



2. Surveillance performance requirements for ACAS

Table 2-1 : ACAS design assumptlons

Conditions Pecrmance
Quadrant
f
Forsand Sk Bk Mavbnun irallic derstly r—
Mavimum closing specd olotber ACAS
alral/ akaal/ Wihin S61m Probabiliy
ms K | e M| omé b bt e (N of scess
0 50 ;IS0 300 | 03 180 | 0087 0.3 0 09
G0 1200 30 70 20 430 007 008 £l 0%
3. ACAS interference limiting inequalities,
4 a
20T < ] 280 11
(,z_{[ZSO] ]<mmlmwn[“"‘,a,] ()
{f;m(n} <008 2
1l
15 B® 30
{—ﬁgﬁ—) <mln}mw[—1:~"—:. ] (€3]
Note.— Rd and ACAS broadcasts are interrogations.
The variables in these inequalities shall be defined as follows:
i = mumber of interrogations (Mode A/C and Mode S) transmitted in a 1 s

interrogation




cycle, This shall include all Mode S inlerrogations used by the ACAS functions,
including those in addition to UF = 0 and UF = 16 interrogations, except as
provided in 2.2.2.2.1;

Note.— U¥ = 19 inlervogations are included in j; as specified in 1.1,2.8.9.4.

I

index number for Mode A/C and Mode S interrogations, i = 1, 2,..., ig

o = the mimimum of ¢ | caloulated as 14 [np/ne] subject to the special conditions
given

below and a» caleulated as Logyo [na/iw) / Logio 25, where np and 1 are defined as
the number of operating ACAS Il and ACAS HI equipped aircraft (airborne or on
the ground) within 11.2 km (6 NM) and 5.6 km (3 NM) respectively, of own
ACAS (based on ACAS surveillance). ACAS aircrafl operaling on the ground or
at or below a radio altitude of 610 m (2 000 f) AGL shall include both airborne
and on-ground ACAS I and ACAS 111 aircrafl in the value for ny and ne
Otberwise, ACAS shall include only airborne ACAS 1l and ACAS III airerafl in
the value for ny and n.. The values of «, u; and o, are further constrained fo a
minimum of 0.5 and a maximum of 1.0,

In addition;
IF [{np £ TYOR (ny, £ 4 AND 1 <2 AND n,> 25)] THEN ¢, = 1.0;

IF (2> 2) AND (m > 2 1) AND (n,< 40)] THEN a; - 0.5;

p{i} - peak power radiated fiom the antenna in all directions of the pulse Laving the
largest amplitude in the group of pulscs comprising a single interrogation during
the ith interrogation in a 1 s interrogation cycle, W;

m(i)= duration of the mutual suppression interval for own (ransponder associated with
the ith interrogation in a ! s interrogation gycle, s;

B = beam shapening factor (ratio of 3 dB beam width lo beamwidth resulting from
interrogation  side-lobe suppression). For ACAS intcrrogators that employ
transmitter side-lobe suppression (Si.S), the appropriate beamwidth shatl be the
extent in azimuth angle of the Mode A/C replies from one transponder as limited
by SLS, averaged over the transponder population;

{} see4.2333

Po(k) '
k L



ki
na

Note— RA and ACAS broadcasts (4.2.6.2.1 and 4.3.7.1.2.4) are interrogations.



4, THREAT BETECTION TN ACAS

Table 2.2

] 7
Nonunat waratsg e noRAs  1bs 20s 25s A0s 3hs

&

Sensiitvily level 2 3 1

5. Signal Formats
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Figure 2-1: Survelllance and Communication formats used by ACAS
5.1, Fields and Subfields Introduced in Schedule 1, 1.1.2.

5.1.1. DR (downlink requesl). The significance of the coding of the downlink request field shall
be as follows -

Coding
2 See Schedule 1, 1.1.2.6.5.2
3 ACAS message available

4 Comm-B messuge available and ACAS message available

4-5  See Schedule !, 1.1.2.6.5.2

6 Comm-B broadcas! message 1 available and ACAS message available

7 Comm-B broadcast message 2 available and ACAS message available

8-31  See Schedule 1, 1.1,2.6.5.2

5.1.2. RI (air-air reply information). The significance of the coding in (he RI field shall be as

follows --

Coding
0 No operating ACAS

1 Not assigned
2 ACAS with resolution capability inhibited
k! ACAS with vertical-only resolution capability



4 ACAS with vertical and horizontal resolution capability
5-7  Not assigned
8-15 Schedule ], 1.1.2.82.2

Bit 14 of the reply format containing this field shall replicate the AQ bit of the
interrogation, The R ficld shall report “no operating ACAS™ (RI = 0) if the ACAS unit has
failed or is in standby. The RI field shall report “ACAS with resolution capability
inhibited” (RI = 2) if sensitivity level is 2 or TA otly mode has been selected.

Note— Codes (-7 in the R1 field indicate that the reply is a tracking reply and also give
the ACAS capability of the interrogated aircraft. Codes 8-135 indicate that the reply is an
acquisition reply and also give the maximum frue airspeed capability of the inferrogated
aircraft.

5.1.3.

RR {reply request). The significance of the cading in the reply request field shall be as
follows:

Coding
0-18 See regulation 47(3)
19 Transmit a resolution advisory report

20-34 See regulation 47(3)

6. ACAS FIELDS AND SUBFIELDS

6.1. Subfield in MA

6.1.1.

6.1.2.

6.1.3.

ADS (d-definition subfield). This 8-bit (33-40) subfield shall define the remainder of
MA.

Note.-— For ¢onvenience of coding, ADS is expressed in two groups of four bits each,
ADS! and ADS2,

When ADSI = 0 and ADS2 = 3, the foliowing subfield shall be contained in MA:

SLC (ACAS sensitivily level conirol (SLC) command). This 4-bit (41-44) subfield shall
denote a sensitivify level command for own ACAS.



Coding

No command issued

No{ asstgned

Set ACAS sensilivity level to 2

Set ACAS sensitivity level to 3

Set ACAS sensHivity level lo 4

Sct ACAS senstitvity level to 5

Set ACAS sensitlvity level to 8

Not asstgned

Cancel previous SLC command from this ground station

e |
e Y RN K

=N

Note.— Stowcture of MA for a sensilivity level control command:

33 3 41 &%
ADSI=0 | ADS2=6 | SLC  f----4d----]
36 0 4 w

6.2, Subfields in MB

6.2.1. Subfields in MB for an RA report, When BDSi=3 and BDS2=0, the subfields
indicated below shall be contained in M13,

6.2.1.1. Subfields in MB for an RA report. When BDS1=3 and BDS2=0, the subfields
indicated below shall be contained in MB.

6.2.1.1.1.  ARA (active RAs). This 14-bil (41-54} subfteld shall indicate the characteristics
of the RA, if any, generated by the ACAS associated with the transponder
transmitting the subfield, The biis in ARA shall have meanings determined by
the value of the MTE subfield and, for vertical RAs, the value of bil 41 of ARA.
The meaning of bt 41 of ARA. shall be as follows -

Coding
0 There is morc than one threal and the RA is intended to provide separation below
some threat(s) and above some other threat(s) or no RA has been generated (when
MTE=0)
I Either there is only one threat or the RA is intended to provide separation in the

same direction {or all threats

When ARA bit 41 = 1 and MTE = 0 or 1, bits 42-47 shall have the following meanings:



When ARA bit 41 = | and MTE = 0 or 1, bits 42-47 shall have the following meanings:

Bit
42

43

46

47

48-54

Coding

0

— D D O O — O —

RA is preventive

RA is comrective

Upward sense RA has been generated
Downward sense RA has been generated
RA is 510t increased rate

RA is increased rate -

RA is 1ot a sense reversal

RA is a sense reversat

RA is not altihude crossing

RA is altitude crossing

RA is vertical specd limil

RA is positive

Reserved for ACAS IiI

When ARA bit 41 =0 and MTE = 1, bits 42-47 shall have ihe foliowiug meanings:

Bit
42

43

44

45

46

47

48-54

Coding

=2 A~

— D e DD e O e

RA does not require a cosrection in the upward sense
RA requires a comrection in the upward sense

RA does not requite a positive climb

RA requires a positive climb

RRA does not require a correction in the downward sense
RA reguires a correction in the downward sense

RA does not require a positive descend

RA requires a positive descend

RA does nol require a crossing

RA requires a crossing

RA is not a sense reversal

RA is a sense reversal

Reserved for ACAS III

Note.— When ARA bit 41 = 0 and MTE = 0, 5o vertical R4 has been generated.

6.2.1.1.2. RAC {RACs record). This 4-bit {55-58) subficld shall indicate al! the correnily
active RACs, if any, received from other ACAS aireraft, The bits in RAC shall
have the following meanings:



Bit  Resolution advisory complement
65 Do not pass below

56 Do not pass above

57 Donol fum left

58 Do not fum right

A bil set 10 1 shal! indicate that the associated RAC is active. A bit sel to 0 shall
indicate (hat the associated RAC is inactive,

6.2.1.1.3, RAT (RA terminated indicator). This 1-bit (59) subfield shall indicate when an
RA previously gencraicd by ACAS has ceased being gencrated.
Coding

Q ACAS is currently generating the RA indicated in the ARA subifield
1 The RA indicated by the ARA subficld has been terminated

Nofe 1.— After an RA has been terminated by ACAS, il is still required to be
reported by the Mode S transponder for 181 s. The RA terminated indicator may
be used, for cxample, to permil timely removal of an RA indication from ap air
traffic controlfer’s display, or for assessments of RA duration within a particular
airspace,

Note 2— RAs may terminate for a number of reasons: normally, when the
conflict has been resolved and the threal is diverging in range; or when the
threat’s Mode S transponder for sonmte reason ceases to report allitude during the
conflict. The RA terminated indicator is used to show that the RA bas been
rentoved in each of these cases,

6.2.1.1.4. MTE (muitiple threat encotnter). This [-bit (60) subfield shall indicate whether
fwo or more simuftaneous threats are currently being processed by the ACAS
threat resolution logic.

Coding
¢ Ounethreat Is being processed by the sesolution lugle (when ARA bit 41 = 1); or ne thteat I
belng provessed by the resalution loglc (when ARA bit 41 = ()
1 Twoor more simuliancous threats ate hetng processed by the resofution Jogle

6.2.1.1.5,  TTI (threat type indicatar subfield). This 2-bit subfield (61-62) shall define the
type of identity data contained in the TID subfield.



Coding
0  Noidentily daia in TID
t  TID contalns a Mode S transponder address
2 T contalns altitude, range aid bearing data
3  Notassigned

6.2.1.1.6.  TID (threat identity data subfield). This 26-bit subfield (63-88) shall contain the
Mode S address of the threat or the altitude, range, and bearing if the threat is not
Mode S eguipped. If two or more threats are simultaneously processed by the
ACAS resolution logic, T113 shalf contain the identity or position data for the
most rceenlly declared threat, [T TTI = 1, TID shall contain in bits 63-86 the
aircraft address of the threat, and bits 87 and 88 shall be set 40 0, If TTL =2, TID
shall cantain the following three subtields.

£.2.1.1.6.1. TIDA (threai identily data altitude subfield). This 13-bit subfield (63-75) shall
contain the most recently reported Mode C altitude code of the threat

Coding
Bit 63 64 65 66 B7 OR €69 70 71 72 73 M 15
Mode C code bit G Ai CI A; C‘ A( 0 B| D| Bz D; B| D|

6.2.1.1.62. TIDR (threat identity data range subfield). This 7-bit subfield (76-82) shall
contain the most recent threat range estimated by ACAS,

Coding (n)
n Esitmated range (NM)
0 No tange estinaie available
t Less than 0.05
2-126  (n-1Y10 £0.05
127 Greater than 12,55

6.2.1.1.6.3.  TIDB (threat identity data bearing subfield). This 6-bit subficld (83-88) shall
contain the most reeent estimated bearing of the hreat airerall, relative to the
ACAS aircraft heading.

Codling (n}
n  Estinated bearing {degrees)
0  No bearlng estimate avallable
1-60  Belween 6(n-1) and Gn
61-63  Not assigned

Note.— Structure of MB for an RA report:



33 7 41 65 59 60 6t &3

[Bosi=3[mns2=0] Ara | mac | mar | ME | ym=t | Hp
3% 1 54 &8 50 0 62 89
3 3 4 5 5 50 64 & % 8
[s0st -3]eosz-0] A | mac | aat | wre [ .2 ] noa | moe | oo |
1 0 54 58 59 o 62 5 02 o8

6.2.2.  Subfields in MB jor the data livk capability repori, When BDST = | and BDS2 =),
the following bit pattems shali be provided to (he transponder for its dala link
capability repart -

Bit  Coding
48 0 ACAS failed or on standby
1 ACAS operating
69 0 Hybmd swveillance 10t opeiational
1 Hybrid suiveiltance fitted and operational
70 0 ACAS peneraling TAs only
1 ACAS gencrating TAs and RAs

Bit72 BTl ACAS vision

0 ¢ RTCA/DO-185 (pre-ACAS)

0 1 RTCAMO-185A

1 ¢  RTCADO-185B & EURCCAEED 143
1 1 Reserved for fitlwre versions {see Note 3)

Nete 1.— A sumisary of the MB subfields for the data link capability report structure is
described in Schedule 1, 1.1.2.6.10.2.2.

Note 2,— The use of hybrid surveiilance to limit ACAS active interrogations is described
in 4.5.1. The ability only to support decading of DF = 17 extended squilter messages is
not sufficienl to set bit 72,

Nole 3.— Futuee versions of ACAS will be identified using parl numbers and software
version numbers specified in registers ES16 and E616,

7. MU field. This 56-bit (33-88) field of long air-air surveillance intercogations (Figure 2-1)
shall be used io transmit resolution messages, ACAS broadeasts and RA broadcests,

7.1, UDS (U-definition subfield). This 8-bil (33-40) subfield shall define the remainder of
MU.

Note.— For convenience in coding, UDS is expressed in (wo protps of four bits each,
UDSI and UDS2.



7.2, Subfields in MU for a resolution message. When UDS1 - 3 and UDS2 - 0 the following
subfields shail be contained in MU:

7.2.1.  MTB {Multiple Threat Bit). This 1-bit (42) subfield shall indicate (he presence or
absence of multiple threats.

7.22. M Subfields in MU for a resolution message. When UDSI - - 3 and UDS2 = 0 the
following subfields shall be contained in MU.

7.2.2.1 MTB (multiple threat bit). This [-bit (42) subfietd shall indicate the presence or
absence of multiple (hreats.

Coding
0 Inlerrogating ACAS has one theeat
I Inlerrogating ACAS has miore thvan one Lhreat

7.22.1.  FRC {vertical RAC). This 2-bit (45-46) subficld shall denole a vertical RAC
telating to the addressed aircraft,

Cedlng
0 Novediral RAC sent

1 Donot pass below

2 Donpot pass above

3 Not assigned

7.222  CVC fcancel vertical RAC). This 2-bit {43-44) subfield shall denote the
cancellation of a vertical RAC previously sent to the addressed aircraft. This
subfield shall be set to ¢ for a new threat,

Coding
¢ Nocancellallon
i Caneel previously seat Do not pass below”
2 Cancel previously sent “Do not pass ahove”
3 Notassigred

7.223.  HRC (horizontal RAC). This 3-bit (50-52) subfield shall denote a horizontal RAC
relating to the addressed aircraft,

Coding
0 Nohorizontal RAC or no horlzontal resolulion capabifily
1 Other ACAS sense §s lumn feft; do not tum left
2 Other ACAS sense is turn feft; du not tlurn tight
3 Notassigned
4 Notassigned
5  Qther ACAS sense Is turn right; do not turn left
6  Other ACAS sense Is tum tight; de not turn right
7 Notassigaed



7.224. CHC (cancel horizontal RAC). Tiis 3-bit (47-49) sublfield shal! denote the
cancellation of a horizontal RAC previousty sent to the addressed aircrafl, This
subfield shall be set to 0 for a new (hreat.

Codling
0 No cancellatton or no horizontal resolution capability
1 Cancel previously seat “Do not turn feft™
2 Cancel previously sent “Do not tum sight”
3.7 Notassipned

7.2.2.5, VSR (vertical sense bils subfield). This 4-bit (61-64) subfield shall be vsed to
protect the dala in the CVC and VR subfields. For cach of the 16 possible
combinations of bits 43-46 the following VSB code shall be transmitted:

CvC VRC VsSB
Coding 43 44 45 46 1 61 62 63 64
) 0 0 0 0 0 0 0 Q0
t 0 ] ] i i 1 1 0
2 0 0 1 ] 0 1 1 1
3 ] n 1 ] i 0 0 I
4 0 l 0 ] i 0 1 t
5 | 1 0 ; 0 1 0 t
6 a l 1 ] i 1 ] 0
7 9 1 1 t ] 0 1 0
8 | 0 0 ] t i 0 t
9 1 0 0 1 ] 0 i 1
10 i 0 i i 1 0 i 8
1 i Q0 1 1 ] i 0 ]
i2 1 1 0 ] 0 i 1 ]
13 i i ] 1 t 0 0 it
14 t i i 0 0 0 0 1
14 i 1 £ 1 1 1 i 1

Note.— The rule used o generale (he VSB subfield bit sciting is a distance 3
Hamming code augmented with a pacity bit, producing the ability to detect up to
three errors in the eight transmitted bits.

7.2.2.6. HSB thorizontal sense bits subfield). This 5-bit (56-60) subfield shall be used to
protect the data in the CHC and HRC subfields, For each of the 64 possible
combinations of bits 47-52 the following 118B code shall be transmitted:
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Coding 47

Note.— The rule used to generate the HSB subfield bil setting is a distance 3 Hamming
code augmented with a parity bit, producing the ability to detect up fo three errors in the

cleven (ransimitted bits,



7227 MID {dircraft address). This 24-bit (65-88) subfield shall contain the 24-bit
aircraft address of the interrogating ACAS wiveralt,

Noic.~- Structure of MU for a resolution niessage:
37 FI 4 45 4 8 63 56 61 65

1
fuosi<3[upsz-o] 4 [ M [ Cve | VR | CHC | MRG | 3 | NSB | VS8 | s |
) o o0« 4+ 4 a9 52 55 60 6 B8

4

723, Subfield in MU for an ACAS broadcast. When UDSI =3 and UDS2 = 2, the foflowing
subfield shall be contained in MU:

7.2.3.1. MiID (Aircrafi address). This 24-bit (65-88) subficld shall contain the 24-bit aircraft
address of the interrogating ACAS aircraft.

Note.~— Structure of MU for an ACAS broadeast:

. 37 A1 65
[Tinstey [ wmszez [ YR w0 |
b 40 64 88

124,  Subfields in MU for an R4 broadeast. When UDS1 = 3 and UDS2 = 1, the following
subfields shall be contained in MU:

7240, ARA (active RAs). This 14-bit (41-54) subfield shall be coded as defined in
6.1.2.1.4.

7.24.2.  RAC (RACs record). This 4-bit {55-58) subfield shall be coded as defined in
6.1.2.1.2,

7.243.  RAT (R4 terminated indicator). This 1-bit (59) subfield shall be coded as defined
in6.1.2.1.3,

7244,  MTE (mudtiple threat encownter). This 1-bit (60) subfield shait be coded as defined
in6.1.2.14,

7.245. A (Mode A identity codej. This 13-bit (63-75) subficld shall denote the Mode A
identity cade of the reporting aireraft.



Codiig

Bt 63 64 65 66 67 08 GY 70 T 72 MW WM T5
Mﬂd(! A code h!t Aq .‘\z A: Bl 1‘;1 B1 D Cg C; Cg D.| Dz D|

1.24.6.  CAC (Mode C altinude code). This 13-bit {76-88) subfield shall denote the Mode C
allilude code of the reporling aircraft.

Coding
Bi W7 o MW 8¢ 81 82 83 B4 §5 B6 87 BB
Mode C code bt G A G A G A 0 B, D] N, I B D(

Note, - Structure of MU for an RA broadeast:

I I T T N
{uost-3upsz=3] ara [ rac {war T e [ 2 T ap Jeac ]
36 @ 54 8 6 60 6 5 80

8. MYV fleld. This 56-bit (33-88) field of long air-air surveillance replies (Fignre 2-1) shalt be
used to transmil air-air coordination reply messages.

8.1, FDS (V-definition subfield). This 8-bit {33-40) subfield shali define the remainder of
MYV.

Note.— For convenience in coding, VDS is expressed in lwo groups of four bits each,
VDS! and VDS2,

8.2, Subfields in MV for a coordination reply. When VDS1 =3 and VD82 = 0, the following
subfields shalf be contained in MV:

8.2.1.  ARA (active RAs). This 14-bit (41-54) subfield shall be coded as defined in 1.2.1.1.
822, RAC (RACs record). This 4-bil (55-58) subfield shall be coded as defined in {.2.1.2,

823, RAT {RA terminated indicator). This 1-bit (39) subfield shall be coded as defined in
1.2.1.3.

8.2.4. MTE (mnidtiple threat encounter). 'This {-bit (60) subfield shatl be coded as defined
in1.2.1.4,



Note.— Structure of MV for a coordination reply:

3 3 M 65 89 60 8
[ vost=3 [ wbsz<o | Ara | mac | mrat | WiE | -2 |
36 40 54 58 54 60 8B

8.2.5. SL {sensitivity level report). This 3-bit (9-11) downlink field shall be included in
both short and long air-air reply formats (DF = 0 and 16}. This field shall denote the
sensitivity level at which ACAS is cucrently operating,

Coding

ACAS Inoperative

§  ACAS 5 operating at sensiivily fevel 1
2 ACAS s operating at senstlivily fovel 2
3 ACAS Is operating at senstvily level 3
4 ACASIs operating aL sensiuvily levek 4
5  ACAS is operating at sensilivily tevel 5
6  ACAS I5s operating at seastUvity tevel §
7 ACAS isoperating at seasitivity level 7

8.2.6, CC: Cross-link capabitity. This 1-bit (7) downlink field shall indicate the ability of
the transponder to support the cross-link capability, that is, decode the contents of
the DS field in an intercogation with UF equals 0 and respond with the contents of
the specified GLUB register in the corresponding reply with DF equals 16,

Coding

0 signifies that the transponder caniot support the cross-link capability.

1 signifies that the transponder supports the cross-tink capability.

9. Performance of the ACAS 1I Collision Avotdance Logic

9.1,

Note - Caution is to be observed when considering potential improvements fo the reference
ACAS 11 systetn described in Section 4 of the geidance material in the Attachment since
changes may affect more than one aspect of the system performance, It is essential that
alternative designs would not degrade the performances of other designs and Ihat such
compatibility is demonstrated with a high degree of confidence,

Altitude layer. Hach encounter is attributed to one of six altifude layers as follows:
Layer 1 2 3 4 3 &
from 23001 Sauoft inogon 20006 ft 4] 060 1t

o 2300 At 50004 10 coe it 20000 &t 41 Q0 ft



The altitude layer of an encounter is delermined by the average allitude of ihe two aircraft
at closest approach,

Note - For the purpeses of defining the performance of the collision avoidance logic,
there js no need to specify the physical basis of the altilude measurement or the
relationship between altitude and ground level.

9.2. Standard altimetry error model

9.2.1. The ervors in the simulated altitude measuremenis shall be pssuimed to be distributed as
a Laplacian distribution with zero mean having probability density

L e[ 11
(e} = —expf —
P "

9.2.2. The patameler A required for the definition of the statistical distribution of altimeler
error for each aircrall shall have one of lwo values, A1 and A2, which depend on the
altitude layer of the encounter as follows:

Luyyer ! 2 3 A 5 L
m # nt R I a n f m P m ﬂ
A w3 Hom 13 4 @ B o» 2 28 N
) 18 6 18 & 2 69 6 87 3 ot x0 {0l
9.2.3. Poran aircraft equipped with ACAS the value of & shall be L1,
9.24,

For aircraft not equipped with ACAS, the value of A shall be selected randomly using
the following probabilities:

Layesr ! 2 3 1 5 [
probif.) 0,301 0.320 0.346 0514 0510 0.510
probiiz} 0.G00 0.680 0.655 390 0.390 0490

9.3. Encounier Classes and Weights

9.3.1. Aircraft address. Each aitcraft shall be equally likely to have the higher aircraf(
address.

9.3.2. Altitade layers. The relative weights of the altitude layers shall be as follows;



Layer i 2 3 4 5 6
probifayer) 0.13 0.25 0.32 0.22 0.07 6.0t

$.3.3. Encounter classes

0.3.3.1. The encounters shall be classified according fo whether the aircraft are level (L) or
transitioning (T) at the beginning (hefore tca) and end (after tea) of the encounter
window and whether or not the encounter is crossing, as follows:

Alreeall No. 1 Alreraft No. 2
Class | beforelca aflertea beforetca afterlca Crossing
I L L T T yes
2 L L L T yes
3 L L T L yes
4 T T T T yes
5 L T T T yes
i T T T 1. yes
ki L T L T yes
8 L T T L yes
9 T L T L yes
{0 L L L L no
11 L I, T T no
12 L I. I. T no
13 L i, T L ne
14 T T T T no
th L T T T no
6 T T T L f10
17 L T L T na
18 L T T L ne
I9 T L T L no

9.3.3.2. The relative weights of the encouater classes shall depend on layer as follows:



for calculailng Hisk ealto for ATAM compatibility
Class Lapers 1-3 Layers 4-6 fapers 13 Luyers 4-6

! G502 0.00319 0.06789 0.07802
2 0.00030 IXLEVR 000408 6.00440
3 (00044 0.08008 0060664 000220
4 ¢.00355 00027 (.04798 06543
¢ 0.6005% .an022 0.00781 000549
6 0.00074 0.00018 000045 000340
1 0.00062 0.00003 0.00026 004082
8 0.00006 0.00003 0.00077 6.00082
9 000006 0.00003 ¢.00077 000082
1¢ {.36846 0.10693 0.3180 00Hf]
] 0.26939 41950 0.23252 0.35386
12 006476 002217 0.055690 (D186
13 007127 0.22038 0.06151 0.18571
14 0.13219 0.08476 0.11409 0.07143
15 0.02758 0.02869 02374 (02418
16 0.03578 0.05781 0.03088 05714
17 0.00296 0.00098 0.00255 0.00082
18 0.00503 000522 000434 0.60440)
19 001143 0.03651 001029 0.03077

9.3.4. VMD bins

9.34.1. The VMD of each encounter shall be taken from one of ten VMD bins for the non-
crossing encounter classes, and from one of nine or ten VMD bins for the crossing
encounler classes. Each VMD bin shall have an extent of 100 ft for calcutating risk
ratio, or an extent of 200 fi for caleulating compatibility with ATM. The maximum
VMD shall be 1 000 ft for calculating risk ratio, and 2 000 R otherwise.

9.3.4.2. For non-crossing encounter classes, the relative weights of the VMD bins shall be as
follows:



for calcalating for ATM
vmd bin risk ratio compaiiblitty
| 0.013 0.128
2 0.026 0.135
3 0,035 0.209
4 0.085 0.171
5 0.100 0.160
6 0.161 0.002
7 ¢.113 0.043
8 0.0 0.025
9 0.104 0.014
10 .08} 0.009

Nofte.— The weights for the VM1 bins do not sum to 1.0. The weighis specified are based
on an analysis of enconnters captred in ATC ground radar data. The missing proportion
reflects the fact that the encoutters captured included some with VMD exceeding the
maxinnm YMD jn the model.

9.3.4.3, For the crossing classes, the relative weights of the VMD bins shall be as follows:

for calculaitng for ATM
vaud Bin | risk ratio compatibiltly
1 0 0.054
2 0.026 0.144
3 0.036 0.224
4 0.066 0.183
5 0,102 0.171
g 0.364 0488
7 0.115 0.046
8 0.093 0027
9 0,106 0.0t5
10 0.093 00t0

Note— For the crossing classes, VMD must exceed 100 fi so that the encounter gualifies as
a crossing encownter. Thus, for the calculation of visk ratio there is no VMD bin 1, and for
calcwlations of the compatibility with ATM VMD bin 1 is limited to {100 fi, 200 fi].

9.4. Characteristics of the Aircraft Trajectories in the Vertical Plane

9.4.1. VMD, The YMD for each encounter shall be sclected randomly from a distributien that
is uniform in the interval covered by the appropriate VMD bin,



9.4.2. Vertical rafe
9.4.2.1. For each aircralt in cach encounler, cither the verlical rate shall be constant (2) or
the verlical rajectory shall be constructed so that the vertical rate at ica - 35 s is 2,
and the verlical rate at fea + 5 s is 2;. Each vertical rale, 2, 2, orz,, shall be
delermined by first sclecting randomiy an interval within which it lies and then
sclecting the precise value from a distribution: that is uniform over the inferval
selected,
9.4.2.2,  The infervals within which the vertical rates tie shall depend on whether the aircraft
is level that is, marked “L” in 9.4.1 or transitioning (it is, marked in 9.4.1 and
shall be as follows:

I r

[240 ft/min, 400 £/min)
[RO fi/mln, 240 fUmin)
[-80 N/min, 86 RVmig)

[-240 /min, 80 f/min]

[~400 Nnin, 240 [Vmin)

13200 ft/min, 600D fUmin}
|400 {t/min, 3200 R/min]
|-400 fémin, 400 R/min
|-3 260 f/min, 400 [min]

|-6 000 f/min, 3200 fV/min}

94,23, Foraircraft that are Ievel over the entire encounter window, the verdical rate z shall
be constant. The probabilities for the intervals within which 2 lies shall be as

follows:

3 (Vmin)

$240 ft/min, 400 {min}
(80 f/min, 240 Rinin}
180 §/ndn, BO {Umin]
{-240 ft/min, 80 Veutn}

[-40H) (i, 246 fUmin]

prob)

0.6382
0.0889
0.7040
0.1198
0.0391

94,24, TFor aircraf} that are not level over the entire encounter window, the intervals for 21
and 22 shatl be determined jointly by random selection using joint probabilities that
depend on altitude layer and on whether the aircraft is transilioning at the hepinning
of the encounter window (Rate-to-Level), at the end of the encounter window
(Level-lo-Rate) or at both the beginning and the end (Rate-to-Rate). The joint

probabilities for the vertical rate intervals shall be as folfows:

Jor aiveraft with Rate-to-Level trgfectories in layers I {0 3,



2¢ Interval
[240 i, 400 Vmin)
[80 fiinitn, 240 minf
[-80 Iintn, 8D inlnf
{-240 Nindn, -8 [Uin]
[—400 NAwin, -240 Rimin

foint probabiltty of z; and z; intenval

0.0013 00162 00134 0.1554 0.0000
0.0000 00187 0.0013 0.1085 0,000
00037 | 0468 0.0004 0.H24 00475
00037 0.1461 0.0094 00243 | 00037
0.0000 0.1742 0.009¢ 0.0094 0.0019
6000 (Vmln -3 200fmin 400 [Wmin 400 Wit 320@Emin GOGO R/mln 2

for aircraft with Rate-to-Level trajectories in layers 4 to 6,

4 Interval Jotni probabifity of 2y and 2, interval
[248 ft/mip, 400 Rfmin| 01105 0.0035 00000 0.1 09105
(80 ftmin, 246 Eindn] L oo035 0.0418 00035 01716 {00279
{-80 Vmta, 86 Rfmia] 60279 0.1219 0O000  §  0.2403 20130
§-240 [Ynin, 80 {t/smsn] 0.0035 0.0767 0.0000 D18 L0105
- 400 Pfmin, 240 RAmin} 00005 00453 0.0035 06174 | 0.0000
-6000fUnen  -3200 Amin 400 Wi 400 fUmin 3200 Wnun 6 600 Bimin 2

for aircraft with Level-to-Rale trajeclories in layers 1 to 3,

23 tnferval » Jfotnt probablity of 2, and 2 faicival
1200 fYmiln, 6600 NVmin] 0.0000 0.0000 00000 | 00000 0.0000
(400 ftantn, 3200 fUmio} 00074 00273 00545 | 04720 0,1538
(400 Imin, 400 fusnin 20000 0.0000 0.0000 0.0000 0.0060
1-3 200 Weutn, 400 fanin] aam .2084 4.1365 00773 ;0005 |
[-6 0001mln, -3 200i/mlo] 1.0000 BH0K) ¢.0000 00000 | 00000
~400 Ny 240 0fte -BO Mk 80 M 240 fthaln 400 ffasn 2,
for aircrafl with Level-to-Rate teajectories in layers 4 to 6,
Ligenadd Joint prababilily o2, and 2, intrrval
(3 200 fnui, G 000 imin} 00000 80000 £.0000 0.0000 00192
[400 Rimin, 3 260 Rmia) 00000 00600 | 00962 0.0577 0.1154
[ 400 f¥intn, 400 tmin] 0.0000 00000 | 000 | 0000 0.0000
| -3 206 fUmin, - 406 Rentn] 0.1346 0.26%2 2.2308 0.0577 00102
|-6 000 Rvniin, -3 200 fenia} 0.0000 00000 | 0000} 00000 80000
- 400 Mensn 2400y -BOIUmin 80 Nmua 240fun 40D [Wmin 2,
for aireraft with Rate-to-Rate trajectories in fayers 1 to 3,
22 dnteisal Jjotat probability of 2y antd 1y tnterval
{3200 fi/eup, 6 000 11/ inin| 00000 0.0000 00007 0.0095 00018
460 Dean, 3200 fUmin] ‘00000 00018 0.0249 0.2882 00065
{-400 fu/intn, 400 AUmin} £.0000 0.000 | 6.0000 05000 000
{~3 200 Wi, 400 fVminj 60044 65970 | c0600 0.0029 0.0011
-6 000 Ui, -3 200 Rfmin] 0.0000 0.0007 0.0000 0.0000 0.0000
-§000fmin  ~32008nitn 400 TUmin 400 fUmin 3200 Unin 6 000 ffautn

for aircraft with Rate-to-Rate trajectories in layers 4 to 6,

]

2



2 inferval Jotnt profablitiy of 2y and 2; intervad

{3 200 Wedn, 6 OB I vn) 0,001 0.0000 (.08 $0110 NBS
{400 fifnsa, 3 260 V| 0.0028 00028 | D078 £.488% 0.0523
1400 fe/mls, 400 Ninn] 0.0000 0.0000 10008 | 00000 0
{-3 200 Nmn, ~400 [¥inta] 0.0317 0.3029 D2 .9152 10074
|-6 00¢ Wnster, -3 200 {Vinin] 00110 0.0224 D03 0.0000 0
S000{imn  -I200fUmin 400 Rhmn  400fumtt  3200fUmin GO0 Riwdn 2,

94.2.5.  Tor a Rate-to-Rate track, if line | Z; — Z,| <566 ft/min then the track shall be
constructed with a constant rate equal te Z;.

9.4.3. Verlical acceleration

94.3.1.  Subjeet to 9.5.2.5 For aircraft that arc not level over [he entire encounter window,
lhe rate shafl be constant and equal to Z; over at least the interval [ica—40 s, fea -
35 s} at the beginning of the encouster window, and shail be constant and equal to
z, over af least the interval [rea + 5 s, fca + 10 8] at the cnd of the encounter
window. The vertical acceleration shall be constant in the intervening period.

84.3.2. The vertical acceleration shall be modelied as follows:
d={Ah-2)+¢

where the patameler A s casc-dependent as follows

AS')

Case Layers I3 Layersd4.6
Rate-to-Level 6.071 (1059
Level-lo-Rate 6.CR9 0,075
Rate-to-Rate G.0B3 0072

and (he error & is selected randomly using the following probability density:

pe)= ZLpexP[Fj:Tl]

Where
p=03Rs%

Nole - The sign of the acceleration zLiL) is delermined by zt and 22 . An error & thal reverses
this sign must be rejected and the error reselected,



94.4. Aceeleration st thne. The acceleration start time shall be distributed uniformly in the
time interval [fca — 35 s, fea— 5 s] and shall be such that 22 is achieved no later than fca
+35s.

9.5. Characteristics of the Aircraft Trajectories in the horizontat Plane

9.5.1. Hovizontal Miss Distance

9.5.1.1. For caleulations of the effect of ACAS on the risk of collision, HEMD shall be
uniformly distributed in the range [0, 500 f1].

9.5.1,2. For calculations concerting the compalibility of ACAS with ATM, HMD shall be
distributed so that the values of HIMD have the following cumulative probabitities:

cumutative probabifily cumalative probabilily

hnd (7) Layers 1-3 Layers 4-6 hmd @) layers 1-3 Layers 46
1] 0.000 0.000 17013 G.999 0.868
1215 0.152 0125 18228 1,000 0,887
2430 0.306 0.195 19443 c.B16
3646 0.482 0.260 20659 0.927
48060 0.631 0.322 21874 0.939
6076 0.754 0.30% 23089 0.046
7921 0.859 0.469 24304 0.952
8500 0819 0.5458 25520 0965
9722 0.954 0.624 26735 0.983
10937 0.972 0.692 27950 0.993
12152 0.682 0.753 28165 0.996
13367 0.993 0.801 3038t 0.999
14582 0.998 0.821 31596 1000

15798 0.998 0.848

9.5.2.  Approach angle. The cumulative distribufion for the horizontal approach angle shalt be
as foltows: approach cumulative probability approach cimlative probability angle
(deg.) Layers 1-3 Layers 4-6 angle (deg.) Layers 1-3 Layers 4-6



approach cumalative prohabifity approach cumulaiive probabiiity
angle {deg)  Layers 13 layos 46 | angle (deg)  Laers}-3 Layers 46
] 0.00 ¢.00 100 0.38 0.28
i0 0.t4 .05 110 0.43 0.31
20 0.7 .06 120 .49 0.35
30 0.18 0.08 130 0.55 0.43
40 0.19 (.08 140 0.62 0.50
50 0.21 0.10 150 0.71 0.59
approach cumaiative probability approach cumulative probabiity
angle (deg)  Layersi-3  layessd4-6 | angle (deg)  lawrs 1.3 Layers 46
60 .23 0.13 160 0.79 0.66
70 0.25 0.14 170 0.88 0.79
80 6.28 G.1% 180 1.00 L.O0
90 0.32 0.22

9.5.3.  Aircrafi speed. The cumulative distribution for each aircratt’s hotizontal ground speed
at closest approach shiall be as follows;

ground cumiitative peobablitly ground curnufative probabliity
speed (k) Layers1-3  lLayes 46 | speed (ki) layers 1.3 Lapers 46
45 0,006 az5 0.977 0.528
50 0.005 350 0,988 0.602
74 0.029 0.000 375 0.997 0652
100 0.13% 0.005 400 0.898 0813
125 0.314 0.034 425 0959 0.883
150 0.486 0.064 450 1000 0.840
175 0.616 0.1t6 415 0.872
200 0.700 0.171 500 0.687
225 H.758 0.211 525 0.093
250 D.821 0.294 55 n.598
215 0.895 0,361 575 1599
Rl 0.549 0.421 600 1.0

9.54. Horizontal manoewvre probabilities. For each aircraft in each encountet, the probability
of a turn, the probability of a speed change given a turn, and the probability of a speed
change given na turn shall be as foffows:



Proh{spead change} Prab{specd change)

Layer Prob{tuen} givena rn givenno turn
1 0.31 0.20 0.5
2 0.29 0.20 0.25
3 022 0.10 0.6
4,56 0.16 0.06 0.10

9.5.4.1.  Given a speed change, (he probability of a speed increase shall be 0.5 and the
probability of a speed decrease shall be 0.5.

9.5.5. Turn extent. The cumulative distribution Ffor the extent of any turn shall be as follows:
cumalative probability
Turn extent {deg) Layers 1-3 Layers 4-6

15 0.00 8.00
30 0.43 #.58
60 0.7% 8.90
20 0.88 0.97
120 0.95 0.99
150 0.98 1.00
180 0.89

210 1,00

9.5.5.1. ‘The direction of the tura shall be randam, with the probability of a left turn being 0.5
and the probability of a right tum being 0.3,

9.5.6. Bank angle. An aircraft’s bank angle during a turn shall not be less than 15 degrees. The
probability that it equals 15 degrees shall be 0.79 in layers 1-3 and 0.54 in layers 4-5.
The cumulative distribution for larger bank angles shall be as follows:

cumalative probabilily
Bank angle {deg.} Layers 1-3 Layers 4-6
15 0.70 0.54
25 0.96 0.82
35 0.99 0.98
50 1.00 1.00

9,5.7. Twn end time. The cumutative distribution for each aireraft’s turn end fime shall be as
follows:



Turn end tine cuniative probabliity

Geconds beforetca)  fapers 13 Layers 4-6
0 0.42 0.28
5 0.64 0.6G5
10 0.77 0.76
15 (186G 0.R5
20 0,92 0.4
25 (.98 099
0 100 1.00

9.5.8. Speed change. A constant acceleration or deceleration shall be randomly selected for
cach aircraft performing a speed change in a given encounter, and shall be applied for
the duration of the encounter. Accelcrations shall be wniformly distributed between 2
kt/s and 6 kt/s, Decelerations shall be uniformly distributed between | ktfs and 3 ki/s.

10. Compatibility with air waffic management (ATM)
10.1.  An RA shall be considered a “nuisance” for the purposes of regulation 48 (1) unless, at

some point in the encounter in the absence of ACAS, the horizontalfseparation and the
vertical separation are simultancously less than the following values :

hoitzonia! verlical

sepatition separation
above FILIOG 20 NM 750 11
below FLIOO 1.2 NM 7501t

10.2. Under the conditions of regulation 42, the collision avoidance logic shall be such that the
number of RAs resulting in “deviations” greater ihan the values indicated shall not
exceed 1he following proportions of the (otal number of RAs:.



whost own airceall's vestical rate

al the time the RA Is first issued
isioss than 400f/min | exceeds 400Vimntn

when the Iniruder is not ACAS equipped,

Jor deviations =300 #t 0.15 0.3

{or teviations >660 R 0.4 813

lor deviatlons 21 000 f 0.0 B.07
when the inteuder Is equipped but does nal tespond,

for deviations 2300 A 0.23 0.35

for deviations 2600 R 0.08 0.16

for deviations =1 600 ft 0.02 007
when the iniruder Is equipped and responds,

{or deviations 2300 R 011 .23

for deviations >600 002 0.§2

for deviatfons =1 000 0.01 (.06
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Table 3 -1: ADS-B Class A equipment characteristics

Sfninem Madhem
oreinit trowsatit
poner pover Miininaom gxtonded squflter missage

(@ aitwa (ot it capabiliyveqdral

Equgment clas termira) tesrinzg} Airborne or surface (see Nota 2}

Ashone pasition

Afroaf Kmrification and catezoty

Airboroe Aitbome velocity

Abvraf operational sty

A0 18548\ 2148w Boxtended squitter nircraft status

(Minlwum) {see doie ])

Sorfxe positivn

Alrcrafl dentification and category

Airaafl eperabionial status

Extended squitter aireraft satay

Alboroe positon

Alncral Idznfication and category

Aibome Airbores velerity

Abrcraft opentional staha

(A;m‘) M 3V 174BW &MS@M‘MMWM
Swixe position

Alroraf {deatiBicatioaand category

Ainsft openatioon] st

Esteoded squitter alreraft status

Atrborna position

Airadt idzntificstion end earexory
Afborne velodily

Atboone Alrersft oparations) steni

At 1B NawW Bxtendsd vyuitter Kircrafl status
{Enbenced) Target stae and status

Surface

Sieface

Surfare position

Surtxce Aluaf) identification and alegory
Adrcrad parstional status
Extended squitter airevaft status
Alrbocus positica

Alrcraf {degfication and aatezory
Alrboco vlocity

Alresal opesatica] stahs

A Bxtended scuuitter aireraR ssats
(Extendad) nasw 14w Targed shate 20d statws

Surfice positea
Alrcreft idenbification 40 eatepory

Alcnf apentional shius
Bxiended squitie airctaft yiatus

Swifate

Note 1.— See Schedule 1, 1,1.2.10.2 for restrictions on the use of this category of Mode
S transponder.



Note 2— The extended squitter messages applicable to Class 4 equipment ave defived in
the Techaical Provisions for Mode S Services and Extended Squitter (JCAO Doc 9871).

Table 3 - 2: ADS-B Class B equipment characteristics-

Mhisem Moviwers
brossomit ramgpiit
poer pover
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Alrborse positien

Alreraft {dentifieaticn and categpry
Airborna Alfotens velity

Aircrat operatioe statws

B BIBW - Briniedute s ss

{Aitbonse) (edog))
Surfaee position
Alreraftidentification apd eategoxy
Alrerah oparationnl skt
Bxitnded suiter st st

Sarfice
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Airboma Aithrm ettty
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B N R NdpW Betedad szt sirnaft status
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Note 1.— See Schedule 1, 1.1.2.10,2 for restrictions on the use of this category of Mode
S transponder.

Note 2.— The appropriate ATS authority is expected to get the maximum power level
permitted.

Note 3.— Fixed abstacles use the airborne ADS-B message formats since knowledge of
their location is of primary intesest to airborne aircraft

‘Table 3 - 3 Reception performance for airborne receiving systems

Recehir
DR
brigger
biendid Bireshold
ar-io-0r Ievel Reteption
Ruehir cperatignal ML) Terhrigue Roquired sxterded squitier Reguared ivteded squittar
¢lis ge fealotey | fwloted) ADS-B wezsapa sigport T13-B wostaps npport
Al 10 -NdBu Stapdard Alrbeyn: psition Fina airboras position
(Basic VFR) Saface position Coarse atbimaposition
Altterse velucity Fing surfice position
Ainraft idendification 2ed calegcry Alroialt ientifeation 1pd
Extendad squittar aitbome st catgpeey
Alrcsad cpraiony] state; Airborne velocity
Muagenseat
Al WM ~79dBal Fohanced fhoros pesitica Flos airborme pasitiva
Surface position Coarse isboma position
(Bac IFR) Ajrborra ety Fine swrface pesition
Adneft idesvification and catepory Alrcraft identification and
Extended quitter aittome stahus Calegory
Afrcraft eperatioa] staty Alrbates veixity
Mangzement
A2 030 <13 4Bu Fahsced Airbonsz piitica Fine sirbores pisidon
{Eahiced Strtace position Couse 2irboree position
FRY Airboroe vekxily Tine surace position
Al Meonficanicn sok category Alreralf jdestfication aud
Evicaded sqitter sisbonne stalus calegosy
AbrcreR cpesationnd stag Airborna velesity
Target state 1 stanis Masozement
o KM -34dBm Edbareed Alrbeen positiog Fins xizbome pixiton
{Esieled (20887 Bmat Swace osition Course girbocee position
<xpability) 1534 probabidity Airborns vekrity Fine pirfsce pesition
of 16¢eption) Aiscrafl fdendtiation and cetegory Aircisfi {dennification and
Extended squittes aitberma status iRy
Afrcaaft eperstionz] 1t Adrboroe velocily
Targel state & sl Mamganent




Note 1. Specific MTL is referenced to the signal level at the ouiput ferminal of the
antenna, assuming a passive antenna. If electronic amplification is integrated into the
anfenna assembly, then the MTL is referenced af the tnpat (o (he amplifier, For Class A3
receivers, a second performance level is defined at a received sigual level of -§7 dBm
where 15 per cent of the messages are to be successfully received. MTI. values refer to
reception under non interference

condilions.

Note 2.— The exlended squitier receiver reception lechniques are defined in regulation
64 (4). “Standard” reception techniques refer to the baseline techniques, as required for
ACAS | 080 MHz. receivers that are intended to handle single overtapping Mode A/C
fiuiLl. “Enbanced” reception techniques refer to (echniques intended te provide improved
receplion performance in the presence of multiple overlapping Mode A/C fiuit and
improved decoder retriggering in the presenec of overtapping stronger Mode S fruit, The
requiremients for the enhanced reception techniques that are applicable to the specific
airborne receiver classes are defined in regulation 64 (4).

Table 3 - 4 Mode S extended squitter airborne recciving system reporting
regquivenients

Receiver Class Minininm ADS-B Minimum TIS reparting

reporting reguirenients

requirements

AQ {basic VFR)

ADS-B slatc vector report
and ADS-B mode status
report

TIS-B report and T1S-B
management repoit

Al (Basic TFR)

| A2 (Enhanced IFR)

ADS-B slate vector report
and ADS-B modc status
repost and ADS-B air
referenced velocity repotd
(ARV)

ADS-B state vector report
and ADS-B mode status
report and ARY repoit
and ADS-B largel stale
report

TIS-B report and TIS-B

nANAEemett 1'Cp0l'1

T1S-B report and TIS-B
management report

A3 (Extended capability)

ADS-B slate vector reporl
and ADS-B maode status
report and ARV report
and ADS-B target state
report

TIS-B report and TIS-B
managcmcm I’CI‘IOH




SCHEDULE 4
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(Reg. 95)
Application for a Duplicate Document

1. Name of Applicant
Address:

...................

Telephone/Fax No,
Email Address

2. Original Document Number:

Date of FIrst ISSUe...cimvrnnrvcssosnrenens Place of First ISSUE:,..cvvrvervrneemmonmrenssenssveanes
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.........................................................................................................
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