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CIVIL AVIATION REGULATION - AIR NAVIGATION SERVICES PART 9 SURVEILLANCE RADAR
SYSTEMS

CHAPTER 1. DEFINITIONS

Human Factors principles. 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.

Lost C2 Link state. The state of the RPAS in which the C2 Link performance has degraded, as
a result of a C2 Link interruption that is longer than the lost C2 Link decision time, to a point
where it is not sufficient to allow the remote pilot to actively manage the flight in a safe and
timely manner.

Matching Interrogator Identifier (Il) code. || code whose binary format in the interrogator
code (IC) field is the same as the binary format in the IC field of the surveillance identifier (SI)
code.
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Matching Surveillance Identifier (SI) code. S| code whose binary format in the IC field is the
same as the binary format in the IC field of the interrogator identifier (Il) code.

Runway Transition Zone. A zone of a rectangular box exactly enclosing a runway in the
horizontal direction and extending to 100 feet altitude above ground level.

CHAPTER 9.2 GENERAL

9.2.1 SECONDARY SURVEILLANCE RADAR (SSR)

9.2.1.1 General requirement

9.2.1.1.1 When SSR is installed and maintained in operation as an aid to air traffic services, it
shall conform with the provisions of 9.3.1 unless otherwise specified in this 9.2.1 and
CAR-ANS Part 10.

Note.— As referred to in this part, Mode A/C transponders are those which conform to the
characteristics prescribed in 9.3.1.1. Mode S transponders are those which conform to the
characteristics prescribed in 9.3.1.1 and 9.3.1.2. The functional capabilities of Mode A/C
transponders are an integral part of those of Mode S transponders.

9.2.1.2 Interrogation modes (ground-to-air)

9.2.1.2.1 Interrogation for air traffic services shall be performed on the modes described in
9.3.1.1.4.3 or 9.3.1.2. The uses of each mode shall be as follows:

3) Intermode —

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

9.2.1.2.2 Mode A and Mode C interrogations shall be provided.
Note 1.— Requirements for the Mode A and C interrogator are specified in 3.1.

Note 2.— This requirement may be satisfied by intermode interrogations which elicit Mode A and
Mode C replies from Mode A/C transponders.

9.2.1.2.2.1 Interrogators commissioned on or after 1 January 2030 shall also comply with the
Mode A and C interrogator requirements specified in 9.3.1.1.5.2.2 and 9.3.1.1.8.2.2.

CAAP-ODG-ICACS-NPRMF v1 r0
11 April 2025
Page 2 of 88




Republic of the Philippines
Civil Aviation Authority of the Philippines

Notice of Proposed Rule Making Form

Note. — This requirement may be satisfied by intermode interrogations which elicit Mode A and
Mode C replies from Mode A/C transponders.

9.2.1.2.4 SIDE-LOBE SUPPRESSION CONTROL INTERROGATION

9.2.1.2.4.1 Side-lobe suppression shall be provided in accordance with the provisions of
9.3.1.1.4 and 9.3.1.1.5 on all Mode A; and Mode C are-rtermede interrogations.

9.2.1.2.4.2 Side-lobe suppression shall be provided in accordance with the provisions of
9.3.1.2.1.5.1.2.3 on all Mode A/C-only all-call interrogations.

9.2.1.2.4.23 Side-lobe suppression shall be provided in accordance with the provisions of
9.3.1.2.1.5.2.1 on all Mode S-only all-call interrogations.

5j2.1 .4 Mode A reply codes (information pulses)

522.1 4.2 The following Mode A codes shall be reserved for special purposes:

9.2.1.4.2.1 Code 7700 to provide recognition of an aircraft in an emergency.

9.2.1.4.2.2 Code 7600 to provide recognition of an aircraft with radiocommunication failure.

9.2.1.4.2.3 Code 7500 to provide recognition of an aircraft which is being subjected to
unlawful interference.

9.2.1.4.2.4 Code 7400 to provide recognition of a remotely piloted aircraft system (RPAS) in a
lost C2 Link state.

Note.— Details on a lost C2 Link state can be found in Annex 10 — Aeronautical
Telecommunications, Volume VI _ Communication Systems and Procedures relating to Remotely
Piloted Aircraft Systems C2 Link.

9.2.1.4.3 Appropriate provisions shall be made in ground decoding equipment to ensure
immediate recognition of Mode A codes 7400, 7500, 7600 and 7700.

9.2.1.5 Mode S airborne equipment capability

9.2.1.5.1 Transponder levels. All Mode S transponders shall conform to one of the following five
levels:

Note.— The transponder used for a Mode S site monitor may differ from the requirements defined

for a normal Mode S transponder. For example, it may be necessary to reply to all-call
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interrogations when-en—the—grotrd the effective air/ground state is “on-the-ground”. For more
details see the Aeronautical Surveillance Manual (Doc 9924) Appendix D.

9.2.1.5.1.1 Level 1 transponders —
9.2.1.5.1.1.1 Level 1 transponders shall have the capabilities prescribed for:

e) basic data protocols except both data link capability reporting (9.3.1.2.6.10.2.2) and
basic dataflash protocol (9.3.1.2.6.10.3); ard

f) air-air service and squitter transactions (9.3.1.2.8)-; and

g) system characteristics of the SSR Mode S transponder (9.3.1.2.10) as applicable to
the transponder level.

Note 1.— Level 1 transponders permits SSR surveillance based on pressure- altitude reporting and
the Mode A identity code. In an SSR Mode S environment, technical performance relative to a Mode
A/C transponder is improved due to Mode S selective aircraft interrogation.

Note 2.— Level 1 transponders are not sufficient to support ADS-B, elementary surveillance and
enhanced surveillance. Also, RTCA DO-181F and EUROCAE ED-73F transponder MOPS no longer
support Level 1 transponders.

9.2.1.5.1.2 Level 2 transponders —

9.2.1.5.1.2.1 Level 2 transponders shall have the capabilities of 9.2.1.5.1.1 and also those
prescribed for:

a) standard length communications (€emmA—and Comm-B) (93-+26- —0-34-2-6- -

b) data link capability reporting (9.3.1.2.6.10.2.2);

¢) aircraft identification reporting (9.3.1.2.9); and

+—andary—2620—S| code capability and operation (9.3.1.2.3.2.1.4, 9.3.1.2.5.2.1,
9.3.1.2.6.1.3,9.3.1.2.6.1.4.1,9.3.1.2.6.9.1.1 and 9.3.1.2.6.9.2).

ommthfcations—from—grotna—to—at—and—air—to—grotne: The aircraft identification reporting
capability requires an interface and appropriate input device.
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9.2.1.5.1.3 Level 3 transponders —

_ Level 3 transponders shall have the capabilities of 9.2.1.5.1.2 and also those
prescribed for ground to-air extended length message (ELM) communications (9.3.1.2.7.1 to
9.3.1.2.7.5).

Note.— Level 3 _ permits extended length data link communications from ground to
air and thus may provide retrieval from ground-based data banks and receipt of other air traffic
services which are not available with Level 2 transponders.

9.2.1.5.1.4 Level 4 transponders —

_ Level 4 transponders shall have the capabilities of 9.2.1.5.1.3 and also those
prescribed for air-to ground extended Length message (ELM) communications (9.3.1.2.7.7 and
9.3.1.2.7.8).

9.2.1.5.1.5 Level 5 transponders —

_ Level 5 transponders shall have the capabilities of 9.2.1.5.1.4 and also those
prescribed for enhanced Comm-B and extended length message (ELM) communications
(9.3.1.2.6.11.3.4,9.3.1.2.7.6 and 9.3.1.2.7.9).

9.2.1.5.1.6 Extended squitter — Extended squitter transponders shall have the capabilities of
9.2.1.5.1.2, 9.2.1.5.1.3, 9.2.1.5.1.4 or 9.2.1.5.1.5, the capabilities prescribed for extended

squitter operation (9.3.1.2.8.6) and the capabilities prescribed for ACAS cross-link operation
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(9.3.1.2.8.3 and 9.3.1.2.8.4). Transponders with these capabilities shall be designated with a
suffix “e”.

Note.— For example, a {fLevel 42 transponder with extended squitter capability would be
designated “Level 4e”.

9.2.1.5.1.87 Extended squitter non-transponder devices. Devices that are capable of
broadcasting extended squitters that are not part of a Mode S transponder shall conform to
all of the 1 090 MHz RF signals in space requirements specified for a Mode S transponder,
except for transmit power levels for the identified equipment class as specified in 9.5.1.1.

9.2.1.5.2 Mode S transponder minimum capability

9.2.1.5.2.1 All Mode S transponders used by international civil air traffic shall conform, at
least, to the requirements of Level 2 transponders prescribed in 9.2.1.5.1.2.1.

9.2.1.5.2.2 CAAP should ensure that Level 1 transponders are not used in areas where S|
codes are used.

: —Level 1 transponders do not report S/ code capability. They remain
unlocked in areas where S| codes are used; therefore, they affect the usage of 1 090 MHz frequency
and contribute to 1 090 MHz RF pollution.

CAAP-ODG-ICACS-NPRMF v1 r0
11 April 2025
Page 6 of 88




Republic of the Philippines
Civil Aviation Authority of the Philippines

Notice of Proposed Rule Making Form

9.2.1.5.3 Mode S transponders installed on aircraft with gross mass in excess of 5 700 kg or a
maximum cruising true airspeed capability in excess of 463 km/h (250 kt) shall operate with
antenna diversity as prescribed in 9.3.1.2.10.4 if:

a) the aircraft individual certificate of airworthiness is first issued on or after 1 January
1990; or

CAPABILITY REPORTHNG—HN—MOBE—S—SQUIFFERS REQUIRED AT
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9.2.1.8 1 090 MHz receiver

9.2.1.8.1 Decoding of 1 090 MHz messages

9.2.1.8.1.1 1 090 MHz receivers produced on or after 1 January 2030 shall be capable of
decoding messages transmitted by transponders compliant with the active state transponder
output power specified in 9.3.1.1.7.17.2 and 9.3.1.2.10.2.1.2.

9.2.1.9 Mode S interrogator capability

9.2.1.9.1 Mode S interrogators shall comply with the requirements defined in 9.3.1.1 and
9.3.1.2.

9.2.1.9.2 Mode S interrogators shall not use Mode A/C/S all-call interrogations.

Note.— The use of Mode A/C/S all-call interrogations does not allow the use of stochastic lockout
override and therefore might not ensure a sufficient probability of acquisition in areas of high
density of flights or when other interrogators lockout transponder on Il = 0 for supplementary
acquisition.

9.2.1.9.3 1l/SI code operation

9.2.1.9.3.1 Mode S ground station using an Sl code shall:

a) acquire Mode S Il-only transponders on the matching Il code;

b) selectively interrogate Mode S Ill-only transponders on the matching Il code; and

¢) not lockout Mode S ll-only transponders when ground stations with overlapping coverage
are assigned matching Il or Sl codes.
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9.2.2 HUMAN FACTORS CONSIDERATIONS

9.2.2.1.3 The flight crew shall have access at all times to the information of the operational
state of the transponder.

Note.— Information on the monitoring of the operational state of the transponder is provided in
RTCA DO-181 £ I Minimum Operational Performance Standards for Air Traffic Control Radar
Beacon System/ Mode Select (ATCRBS/Mode S) Airborne Equipment, and in EUROCAE ED- 735'
Minimum Operational Performance for Secondary Surveillance
Radar Mode S Transponders.

CHAPTER 9.3 SURVEILLANCE SYSTEMS

9.3.1 SECONDARY SURVEILLANCE RADAR (SSR) SYSTEM CHARACTERISTICS
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Note 1.— Section 9.3.1.1 prescribes the technical characteristics of SSR systems-hevirgonty Mode A
and Mode C capabilities. Section 9.3.1.2 prescribes the characteristics of systeraswith-Table 9.3-11
provides a summary of the interrogation signal details. Mode S capabilities. CARANS Part 9, 9.5
prescribes additional requirements on Mode S extended squitters.

9.3.1.1 Systems-having-enly Mode A and Mode C capabilities

9.3.1.1.2.2 The frequency tolerance shall be plus or minus 31 MHz.
9.3.1.1.4 INTERROGATION MODES (SIGNALS-IN-SPACE)

Note.— The paragraphs herein describe the signals-in-space at the antenna(s) of the interrogator.
Table 9.3-11 provides a summary of the interrogation signal details.

9.3.1.1.4.3 The interval between P, and P, shall determine the mode of interrogation and shall
be as follows:

Mode A 8 £0.218 microseconds
Mode C 21 +0.218 microseconds

9.3.1.1.4.4 The interval between P, and P, shall be 2.0 plus or minus 0.15 microseconds.
9.3.1.1.4.5 The duration of pulses P,, P, and P5 shall be 0.8 plus or minus 0.409 microsecond.

9.3.1.1.5 INTERROGATOR AND CONTROL TRANSMISSION CHARACTERISTICS (INTERROGATION
SIDE-LOBE SUPPRESSION — SIGNALS-IN-SPACE)

9.3.1.1.5.1 The radiated amplitude of P, atthe-antenra-ofthe-transponder shall be:

a) equal to or greater than the radiated amplitude of P, from the side-lobe transmissions of
the antenna radiating P,; and

b) at a level lower than 9 dB below the radiated amplitude of P,, within the desired arc of
interrogation.

9.3.1.1.5.2 Within the desired beam width of the directional interrogation (main lobe), the
radiated amplitude of P3 shall comply with 9.3.1.1.5.2.1 or 9.3.1.1.5.2.2 be-within-dB-efthe

radiotedamplitudeof P,

9.3.1.1.5.2.1 For interrogator commissioned before 1 January 2030, the radiated amplitude of
P, shall be within 1 dB of the radiated amplitude of P,.
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9.3.1.1.6 REPLY TRANSMISSION CHARACTERISTICS (SIGNALS- INSPACE)

9.3.1.1.7 TECHNICAL CHARACTERISTICS OF TRANSPONDERS WITH MODE A AND MODE C
CAPABILITIES ONLY

9.3.1.1.7.1 Reply. The transponder shall reply (not less than 90% triggering) when all of the
following conditions have been met:

a) the received amplitude of P; is #r-exeess—ofatevel 1 dB below
the—reeeived-amplitude-ofR but-no-greaterthan3-dB-abeve of the received amplitude
of P;

b) either no pulse is received in the interval 1.3 psec to 2.7 psec after P,, or P, exceeds
by more than 9 dB any pulse received in this interval;

) the received amplitude of a proper interrogation is more than 10 dB above the
received amplitude of random pulses P,, P, or Ps.
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9.3.1.1.7.3.1 For all transponders, the time interval beginning at the end of a reply
transmission and ending when the receiver has regained sensitivity to within 3 dB of MTL
(dead time) shall not exceed 125 microseconds.

9.3.1.1.7.3.2 For transponders with improved dead time, the time interval beginning at the
end of a reply transmission and ending when the receiver has regained sensitivity to within 3
dB of MTL (dead time) shall not exceed 20 microseconds.

9.3.1.1.7.5 RECEIVER SENSITIVITY AND DYNAMIC RANGE

9.3.1.1.7.5.1 The minimum triggering level of the transponder shall be such that replies are
generated to at least 90 % of the interrogation signals when:

a) the two pulses P, and P; constituting an interrogation are of equal amplitude and P,
is not detected; and

b) the amplitude of these signals is nominally 773 dB below 1 mW, with limits
between 69 dB and 77 dB below 1 mW.

9.3.1.1.7.6 Pulse duration discrimination. Signals of received amplitude between minimum
triggering level and 6-db =45 dBm above-thistevet and consisting of P, and/or P; with ef a
duration less than 0.3 psec, shall not cause the transponder to initiate reply or suppression
action more than 10 per cent of the time. With the exception of single pulses with amplitude
variations approximating an interrogation, any single pulse of a duration more than 1.5 psec
shall not cause the transponder to initiate reply or suppression more than 10 per cent of the
time action over the signal amplitude range of minimum triggering level (MTL) to 50 dB above
that level.

9.3.1.1.7.8 SPURIOUS EMISSIONS AND SPURIOUS RESPONSES

9.3.1.1.7.8.1 Equipment random triggering rate. In the absence of valid interrogation signals,
transponders shall not generate more than 5 unwanted Mode A or Mode C replies per second
as integrated over an interval of at least 30 seconds.

9.3.1.1.7.8.2 Installed Rrandom triggering rate. In the absence of valid interrogation signals,
Mede-A#c transponders shall not generate more than 30 unwanted Mode A or Mode C replies
per second as integrated over an interval of eguivatentte at least 386+ardem-triggersor 30
seconds-whieheveristess. This installed random triggering rate shall not be exceeded when
all possible interfering equipment installed in the same aircraft are operating at maximum
interference levels.

9.3.1.1.7.8.43 Random triggering rate in the presence of low-level in-band continuous wave

(CW) interference. The total random trigger rate on all Mode A and/or Mode C replies shall not
CAAP-ODG-ICACS-NPRMF v1 r0
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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 at a frequency
of 1 030 £0.2 MHz and a signal level of -60 dBm or less.

|l

9.3.1.1.7.9.2 Reply rate limit control. To protect the system from the effects of transponder
over-interrogation by preventing response to weaker signals when a predetermined reply
rate has been reached, a sensitivity reduction type reply limit control shall be incorporated in
the equipment. The range-ofthiscontrot shall - tt-ae ; e ;
to—ary-vatge between 500 and 2 000 replies per second, erto—the-maximurm—reply
rate-capabitityHHtess-than2-666rephespersecond; without regard to the number of pulses in

each reply. Sensitivity reduction in excess of 3 dB shall not take effect until 90 % of the

selected value is exceeded. Sensitivityregduction—shattbeatteast 30-dBforratesinexecessof

?

i

9.3.1.1.7.10 Reply delay and jitter. The time delay between the arrival, at the transponder
receiver, of the leading edge of P3 and the transmission of the leading edge of the first pulse
of the reply shall be 3 + 0.5 psec. The total jitter of the reply pulse code group, with respect to
P3, shall not exceed 0.1 psec for receiver input levels between 3 dB and 50 dB above
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minimum triggering level. Delay variations between _medes—en—wh-reh—t—he
: g shall not exceed 0.2 psec.

9.3.1.1.7.12.1.1 The Mode A code shall be maruathy selected from the 4 096 codes available.

9.3.1.1.7.13 Transmission of the special position identification (SPI) pulse. When required, this
pulse shall be transmitted with Mode A replies, as specified in 9.3.1.1.6.3, for a period of

between _ 15-aRr€-36 seconds.

CAAP-ODG-ICACS-NPRMF v1 r0
11 April 2025
Page 15 of 88




Republic of the Philippines
Civil Aviation Authority of the Philippines

Notice of Proposed Rule Making Form

CAAP-ODG-ICACS-NPRMF v1 r0
11 April 2025
Page 16 of 88




Republic of the Philippines
Civil Aviation Authority of the Philippines

Notice of Proposed Rule Making Form

CAAP-ODG-ICACS-NPRMF v1 r0
11 April 2025
Page 17 of 88




Republic of the Philippines
Civil Aviation Authority of the Philippines

Notice of Proposed Rule Making Form

i

9.3.1.1.8 TECHNICAL CHARACTERISTICS OF GROUND INTERROGATORSAHHH MODE A AND
MODE C CAPABILITIES ONE¥

9.3.1.1.8.2 RADIATED POWER
_ In order to minimize system interference the effective radiated power of

interrogators shall be reduced to the lowest value consistent with the operationally required
range of each individual interrogator site.
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significance, for example, if Mode S surveillance on the airport surface is used. In such cases, a
further restraint on inactive state interrogator output power may be necessary.

9.3.1.1.98.4 INTERROGATOR RADIATED FIELD PATTERN

The beam width of the directional interrogator antenna radiating P3 shall not be wider than is
operationally required. The side- and back-lobe radiation of the directional antenna shall be
at least 24 dB below the peak of the main-lobe radiation.

Note.— This Recommendation is to reduce transponder occupancy. More information can be
found in Doc 9924, Appendices D and M.

9.3.1.1.488.5 INTERROGATOR MONITOR

9.3.1.1.46-48.5.1 The range and azimuth accuracy of the ground interrogator shall be
monitored at sufficiently frequent intervals to ensure system integrity.

Note.— Interrogators that are associated with and operated in conjunction with primary radar
may use the primary radar as the monitoring device; alternatively, an electronic range and
azimuth accuracy monitor would be required.

9.3.1.1.46-28.5.2 In addition to range and azimuth monitoring, provision shall be made to
monitor continuously the other critical parameters of the ground interrogator for any
degradation of performance exceeding the allowable system tolerances and to provide an
indication of any such occurrence.

9.3.1.1.448.6 SPURIOUS EMISSIONS AND SPURIOUS RESPONSES

9.3.1.1.4+48.6.1 SPURIOUS RADIATION

CW radiation shall not exceed 76 dB below 1 W for the interrogator ard—+8-dB-betow-1+-W-for
thetransponder.

9.3.1.2 Systems having Modes S capabilities

9.3.1.2.1 Interrogation signals-in-space characteristics. The paragraphs herein describe the

signals-in-space as—they—can—be—expected—to—appear at the antenna(s) of the transpender

interrogator.
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9.3.1.2.1.4.1 Pulse modulation. Intermode and Mode S interrogations shall consist of a
sequence of pulses as specified in 9.3.1.2.1.5 and Tables 9.3-1, 93-2 9.3-3; and 9.3-4
contained in Appendix 1 to this Part.

9.3.1.2.1.5 Pulse and phase reversal sequences. Specific sequences of the pulses or phase
reversals described in 9.3.1.2.1.4 shall constitute interrogations.

9.3.1.2.1.5.1 Intermode interrogation
9.3.1.2.1.5.1.1 Mode A/C/S all-call interrogation.

Note.— This interrogation ska# consists of @ minimum three pulses: P,, P; and the long P, as
shown in Figure 9.3-3.

9.3.1.2.1.5.1.1.1 Mode A/C/S all-call interrogations shall not be used on or after 1 January
2020.
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Note 2.— The Mode A/C-only all-call interrogation elicits a Mode A or Mode C reply from a Mode
A/C transponder. A Mode S transponder recognizes the short P4 pulse and does not reply to this
interrogation.

9.3.1.2.1.5.1.32.1 Pulse intervals. The pulse intervals between PR, and P shall be as defined

9.3.1.2.1.5.1.42.2 Pulse amplitudes. Relative amplitudes between pulses P,, P, and P3 shall be
in accordance with 9.3.1.1.5. The amplitude of P, shall be within =0.5+/+2.5 dB of the
amplitude of Ps.

9.3.1.2.1.5.1.2.3 Sidelobe suppression. The pulse interval between P, and P, shall be 2 plus or
minus 0.04 microsecond. Amplitude of P, shall be in accordance with 3.1.1.5.

Note 1.— Side-lobe suppression is required for SSR interrogators per 2.1.2.4.1. ACAS and
multilateration system interrogations may or may not include the P, pulse.

Note 2.— When used, P, is additionally radiated to prevent replies from aircraft in the side and
back lobes of the antenna.

9.3.1.2.1.5.2 Mode S interrogation.

Note 1.— The Mode S interrogation sket-consist consists of @ minimum of three pulses: P,, P, and
P as shown in Figure 9.3-4 as contained in Appendix 2 of this Part.

Note 2.— P is preceded by a P,- P, pair which suppresses replies from Mode A/C transponders to
avoid synchronous garble due to random triggering by the Mode S interrogation. The sync phase
reversal within P, is the timing mark for demodulation of a series of time intervals (chips) of 0.25
ysec duration. This series of chips starts 0.5 usec after the sync phase reversal and ends 0.5 usec
before the trailing edge of P, A phase reversal may or may not precede each chip to encode its
binary information value.

9.3.1.2.1.5.2.4 Intervals. The pulse interval between P1 and P2 shall be 2 plus or minus 0.054
microsecond. The interval between the leading edge of P2 and the sync phase reversal of P6
shall be 2.75 plus or minus 0.054 microsecond. The leading edge of P6 shall occur 1.25 plus or
minus 0.054 microsecond before the sync phase reversal. P5, if transmitted, shall be eentred
- over the sync phase reversal; the leading edge of P5 shall occur 0.4 plus or minus
0.054 microsecond before the sync phase reversal.

9.3.1.2.2 REPLY SIGNALS-IN-SPACE CHARACTERISTICS
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9.3.1.2.2.1 Reply carrier frequency—
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9.3.1.2.3 MODE S DATA STRUCTURE

9.3.1.2.3.1.2 Reply data-

The reply data block shall consist of 56 or 112 data bits
formed by binary pulse position modulation encoding of the reply data as described in
9.3.1.2.2.5.1.2. A pulse transmitted in the first half of the interval shall represent a binary ONE
whereas a pulse transmitted in the second half shall represent a binary ZERO.
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9.3.1.2.3.2.1.4 PI: Parity/interrogator identifier. This 24-bit (33-56) or (89-112) downlink field
shall have parity overlaid on the interrogator’'s identity code according to 9.3.1.2.3.3.2 and
shall appear in the Mode S all-call reply, DF = 11 and in the extended squitter, DF = 17 or DF =
18. If the reply is made in response to a Mede-A+AS-al-cat-& Mode S-only all-call with CL field
(9.3.1.2.5.2.1.3) and IC field (9.3.1.2.5.2.1.2) equal to 0, or is an acquisition or an extended
Squitter (9.3.1.2.8.5, 9.3.1.2.8.6 or 9.3.1.2.8.7), the Il and the Sl codes shall be 0.
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encoding the parity of each block, the message and parity bits are assembled back in order.
The LDPC encoder shall use a field polynomial of x° + x™® + x" + x° + x* + 1.

Note.— The parity check matrix is presented in Doc 9924.

9.3.1.2.4.1.1.1 Mode A and Mode C interrogation recognition. A Mode A or Mode C
interrogation shall be recognized when a P, - P; pulse pair meeting the requirements of
9.3.1.1.4 has been received, and the leading edge of a P, pulse with an amplitude that is
greater than a level 6 dB below the amplitude of P is not received within the interval from 1.
#3 to 2..37 psec following the leading edge of P..

9.3.1 .2.4.1 .1.2 Intermode interrogation recogn/t/on-

3.1.2.4.1.1.2.1 Ar—ntermode A Mode A/C-only all-call interrogation shall be recognized when
the requwements of 3.1.1 7 1 are met, a—P4—P;—P4-p-u+se+ﬁp+e{—mee{-|ﬁg—the+eq-u+Femen-ts—ef

and occurrlng 2+ 01 mlcrosecond from P;. Aﬁ—m’eeﬁegaﬁeﬁ—s-haH—ﬁe{—be—Feeegﬁ-&ed—as—aﬁ

4 . htudeof e irthe P, lerthan-6-dB-below-
arphitade-ofPor

bithe-puise-interval-betweenPand-P istargerthan23psecorshorterthant-7Fpsee:
of

er-thereceivedamphtudeof P, ardP is betweenMH—and—45-dBmandthe pulse
duraten-of P or P Hstessthan-63Hsee—of

3.1.2.4.1.1.2.2 A Mode A/C-only all-call interrogation shall be recognized if the received power
of P,is above P; minus 1 dB at any signal level of P, - P; from MTL+1 dB to -21 dBm.

9.3.1.2.4.1.1.2.3 An interrogation shall not be recognized as an intermode interrogation if:
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a) the received amplitude of the pulse in the P, position is smaller than 6 dB below the
amplitude of P5; or

b) the pulse interval between P; and P, is larger than 2.3 pysec or shorter than 1.7 psec;
or

) the received amplitude of P, and P5 is between MTL and -45 dBm and the pulse
duration of P, or P5 is less than 0.3 psec; or

d) the transponder is in suppression (9.3.1.2.4.2).

e) the pulse interval between P, and P; differs from the nominal spacing by 1.0
microsecond or more; or

f) the pulse duration of P, is less than 0.3 microsecond.

9.3.1.2.4.1.2.2 Intermode interrogation acceptance

Note.— Mode A/C/S all-call interrogations are no longer useable. If a transponder receives a Mode
A/C/S all-call interrogation, it will be recognized as a Mode A/C-only all-call interrogation.

9.3.1.2.4.1.2.2.2 Mode A/C-only all-call interrogation acceptance. A Mode A/C-only all-call
interrogation shall not be accepted by a Mode S transponder.

9.3.1.2.4.1.3.21 Replies to intermode interrogations.
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Note 1.— A Mode S reply with downlink format 11 sheH-be IS transmitted in accordance with the
provisions of 9.3.1.2.5.2.2 when a Mode A/C/S all-call interrogation has been accepted. Equprrent

eertified-en-or-after by a transponder certified before 1 January 2020 shaH-retreplytotntermede
Moede MS/S-all-catHnterrogations.

Note 2.— Since Mode S transponders do not accept Mode A/C-only all-call interrogations, no reply
is generated.

9.3.1.2.4.1.3.2:2 Replies to Mode S interrogations. The information content of a Mode S reply
shall reflect the conditions existing in the transponder after completion of all processing of
the interrogation eliciting that reply. The correspondence between uplink and downlink
formats shall be as summarized in Table 9.3-5.

9.3.1.2.4.1.3.22.1 Replies to SSR Mode S-only all-call interrogations. The downlink format of the
reply to a Mode S only all-call interrogation (if required) shall be DF = 11. The reply content
and rules for determining the requirement to reply shall be as defined in 9.3.1.2.5.

9.3.1.2.4.1.3.%2.2 Replies to surveillance and standard 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 accepted. The contents of these interrogations and replies shall
be as defined in 9.3.1.2.6.

9.3.1.2.4.1.3.2:2.3 Replies to extended length communications interrogations. A series of
Mode S replies ranging in number from 0 to 16 shall be transmitted 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 number and content of the replies shall be as defined in
9.3.1.2.7.

9.3.1.2.4.1.3.2:2.4 Replies to air-air surveillance interrogations. A Mode S reply shall be
transmitted when a Mode S interrogation with UF = 0 and an aircraft address has been
accepted. The contents of these interrogations and replies shall be as defined in 9.3.1.2.8.

9.3.1.2.4.2 SUPPRESSION

9.3.1.2.4.2.1 Effects of suppression. A Mode S-capable transponder in suppression (9.3.1.1.7.4)
shall not recognize Mode A, Mode C or intermode interrogations if either the P1 pulse alone
or both the P1 and P3 pulses of the interrogation are received during the suppression
interval. Suppression shall not affect the recognition of, acceptance of, or replies to Mode S
interrogations.
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9.3.1.2.4.2.2 Suppression pairs. The two-pulse Mode A/C suppression pair defined in
9.3.1.1.7.4.1 shall initiate suppression in a Mode S transponder regardless of the position of
the pulse pair in a group of pulses, provided the transponder is not already suppressed or in
a transaction cycle.

he P; - P, pair of the Mode A/C-only all-call interrogation
both prevents a reply and initiates suppression. Likewise, the P, - P,
preamble of a Mode S interrogation initiates suppression independently of the waveform that
follows it.
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9.3.1.2.5 INTERMODE AND MODE S ALL-CALL TRANSACTIONS

9.3.1.2.5.1 INTERMODE TRANSACTIONS

Mete aRsponders—to—be—interrogated-by-the-same—transmissions: The Mode A/C-only all-cal
interrogation makes it possible to elicit replies only from Mode A/C transponders. In multisite
scenarios, the interrogator must transmit its identifier code in the Mode S only all-call
interrogation. Thus, a pair of Mode S-only and Mode A/C only all-call interrogations are used. The
intermode interrogations are defined in 9.3.1.2.1.5.1 and the corresponding interrogation-reply

protocols are defined in 9.3.1.2.4.
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9.3.1.2.5.2.1.2.3 1I: Interrogator identifier. This 4-bit value shall define an interrogator
identifier (Il) code. These Il codes shall be assigned to interrogators in the range from 0 to 15.

- When multiple &we Il
codes are assigned to one interrogator only, one Il code shall be used for full data link
purposes.

9.3.1.2.5.2.1.5 Supplementary acquisition using Il equals 0

Note 1.— The acquisition technique defined in 9.3.1.2.5.2.1.4 provides rapid acquisition for most
aircraft. Due to the Probabilistic nature of the—preeess acquiring aircraft with a reduced reply
probability (3.1.2.5.2.1.4.1), it may take many interrogations to acquire the last aircraft of a large
set of aircraft 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 usirgH-egweHs0 referred to here as supplementary acquisition.
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Note 2.— Supplementary acquisition consists of locking out acquired aircraft te-H=8 followed by
acquisition by means of the Mode S-only all-call interrogation without lockout override withH=0.
Only the aircraft not yet acquired and not yet locked-out will reply resulting in an easier
acquisition. Additional guidance material can be found in Doc 9924.

Note 3.— Supplementary acquisition used to augment operation based on lockout override
(3.1.2.5.2.1.4) is possible using any assigned IC. If no IC has been assigned, supplementary
acquisition uses Il equals 0 (3.1.2.5.2.1.5.2.3).

9.3.1.2.5.2.1.5.1 Lockout within a beam dwell

9.3.1.2.5.2.1.5.1.1 When H-egtals—8 lockout is used to supplement the acquisition method
described in 3.1.2.5.2.1.4, all aircraft within the beam dwell of the aircraft being acquired shall
be commanded to lock out te-HegtatsH, not just those in the garble zone.

Note.— Lockout of all aircraft in the beam dwell will reduce the amount of all-call fruit replies
generated to the HegteaisH all-call interrogations.

9.3.1.2.5.2.1.5.2 Duration of lockout

9.3.1.2.5.2.1.5.2.1 Interrogators performing supplementary acquisition gsirgH-egtalso shall
perform acquisition by transmitting a lockout command for no more than two consecutive
scans to each of the aircraft already acquired in the beam dwell containing the garble zone
and shall not repeat it before 48 seconds have elapsed.

Note.— Minimizing the lockout time reduces the probability of conflict with the acquisition
activities of a neighbouring interrogator that is efse using the same IC H—egquals—6—for

SHPPleeRtary-acaHHSIHORN.

9.3.1.2.5.2.1.5.2.2 Mode:S only all-call interrogations with—H=6 for the purpose of
supplementary acquisition shall take place within—a—garble—zene over ne—rere—than—twe
consecttive-seans-oF a maximum of 18 seconds.

9.3.1.2.5.2.1.5.2.3 Interrogator without assigned interrogator code (IC). An interrogator
authorized to transmit that has not been assigned an IC and is unable to ensure that its
lockout region will not overlap with the lockout region of another interrogator using the same
IC, shall use Il code 0 for supplementary acquisition.

9.3.1.2.5.2.2 All-call reply, downlink format 11

1 6 9 33
DF CA AA PI
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5 8 32 56

The reply to the Mode S-only all-call erthe-Mede-ALc/Saleal interrogation shall be the Mode
S all-call reply, downlink format 11. The format of this reply shall consist of these fields:
Note.— Mode S all-call reply may be transmitted by transponders certified before 1 January 2020
in response to Mode A/C/S all-call interrogation (see 2.1.5.4.4).

9.3.1.2.5.2.2.1 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 = 11 and
DF=17.

Coding

0 signifies Level 1 transponder (surveillance
only), and no ability to set CA code 7 and
either "airbornef or “on-the:ground!

1 reserved

2 reserved

3 reserved

4 signifies Level 2 or above transponder and
ability to set CA code 7 and a declared
air/ground status of “on-the-ground” (see
3.1.2.8.6.7) errthe-ground

5 signifies Level 2 or above transponder and
ability to set CA code 7 and a declared
air/ground status of “airborne” (see 3.1.2.8.6.7)
airberne

6 signifies Level 2 or above transponder and

ability to set CA code 7 and a declared
air/ground  status of “unknown” (see

3.1.2.8.6.7) eitherairborne-orontheground

7 signifies the DR field is not equal to O or the FS
field equals 2, 3, 4 or 5, and-eitherairberreoer

en-the-ground
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Note.— Refer to 2.1.5.2.3 for the status of Level 1 transponders.

9.3.1.2.5.3 Lockout protocol. The all-call lockout protocol defined in 9.3.1.2.6.9 shall be used
by the interrogator with respect to an aircraft once the address of that specific aircraft has
been acquired by an interrogator provided that:

— the interrogator is using an IC code different from zero; and
— the aircraft is located in an area where the interrogator is authorized to use lockout.

Note 1.— Following acquisition, a transponder is interrogated by discretely addressed
interrogations as prescribed in 9.3.1.2.6—and 9.3.1.2.7 ere—93-+28 and the all- call lockout
protocol is used to inhibit replies to further all-call interrogations.

SD: Special designator. This 16-bit (17-32) uplink field shall contain control codes which
depend on the coding in the DI field.

Note.-The special designator (SD) field is provided to accomplish the transfer of multisite, lockout
and communications control information from the ground station to the transponder.

DICODE S0 FIELD STRUCTURE
17 21 28 29
o | ns | Reserved | ove | Reserved
20 27 28 32
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17 23 24 28 29
3 | SIS | LSS | RRS | ovGC | Reserved |
22 23 27 28 32

17 21 25 26 27 28 29

7 | us | mrs | meserves | Los |meseved|ovc| ms |
20 24 25 26 27 28 32

9.3.1.2.6.1.4.1 Subfields in SD. The SD field shall contain information as follows:

a)IfDI=0,10r7:

IS, the 4-bit (17-20) interrogator identifier subfield shall contain an assigred . identifier
code of the interrogator (9.3.1.2.5.2.1.2.3).

f)If DI = 2:
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g)If DI = 3:

SIS, the 6-bit (17-22) surveillance identifier subfield in SD shall contain an assigned
surveillance identifier code of the interrogator (9.3.1.2.5.2.1.2.4).

Note.— The SIS is intended to match the SI code used by the interrogator in the Mode S-only all-call
interrogation (3.1.2.5.2.1). Interrogators that do not use Mode S-only all-call interrogations, all-call
lockout protocol or multisite data link protocol can use any IC in the SIS fields of their selective

interrogations without coordination with neighbouring systems. The use of coordinated values
CAAP-ODG-ICACS-NPRMF v1 r0
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differentiates interrogations transmitted by the different systems operating in the same area and
facilitates the understanding of their respective contribution to the 1 090 MHz environment.
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9.3.1.2.6.5.1 FS: Flight status. This 3-bit (6-8) downlink field shall contain the following
information:

Coding

0 signifies no alert and no SPI, vertical status
(VS) indicates aireraftis flairbornef!

1 signifies no alert and no SPI, VS indicates
atreraftis fon-the-ground®

2 signifies alert, no SPI, VS indicates “airborne”

3 signifies alert, no SPI, VS indicates atreraftis
“on- thesground”

4 signifies alert and SPI, VS indicates aireraftis
“airbornef or fon-the: ground*

5 signifies no alert and SPI, VS indicates aireratt
isfairborne! or “on-the:ground"

6 reserved

7 not assigned

9.3.1.2.6.5.4 AC: Altitude code. This 13-bit (20-32) field shall contain altitude coded as follows:

e) If the M bit equals 1, the 12-bit field represented by bits 20 to 25 and 27 to 3432
shall be reserved for encoding altitude in metric units.

9.3.1.2.6.9.1.1 The multisite lockout command shall be transmitted in the SD field
(9.3.1.2.6.1.4.1). A lockout command for an Il code shall be transmitted in an SD with DI =1 or
DI =7. An Il lockout command shall be indicated by LOS code equals 1 and the presence of a
non-zero interrogator identifier in the IIS subfield of SD. A lockout command for an Sl code
shall be transmitted in an SD with DI = 3. SI lockout shall be indicated by LSS equals 1 and the
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presence of a non-zero interrogator identifier in the SIS subfield of SD. After a transponder
has accepted an interrogation containing a multisite lockout command, that transponder
shall commence to lock out (i.e. not accept) any Mode S-only all- call interrogation which
includes the identifier of the interrogator that commanded the lockout. The lockout shall
persist for an interval TL (9.3.1.2.10.3.9) after the last acceptance of an interrogation
containing the multisite lockout command. Multisite lockout shall not prevent acceptance of a
Mode S-only all-call interrogation containing PR codes 8 to 12. If a lockout command (LOS = 1)
is received together with IIS = 0, it shall be interpreted as a non- selective all-call lockout
(9.3.1.2.6.9.2).

Note 1.— Fifteen interrogators can send independent multisite Il lockout commands. In addition,
63 interrogators can send independent SI lockout commands. Each of these lockout 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 all-call interrogations containing Il equals 0 erteo-Mede-Ar/S—aH-calt

9.3.1.2.6.9.2 Non-selective all-call lockout
Note 1.— In cases where the multisite lockout protocol for Il codes is not required (e.g. there is no

overlapping coverage or there s ground 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 to lock out (i.e. not accept) twe-types-ofal-catrterrogations:

&) the Mode S-only all-call (UF = 11), with Il equals O.;ard

Note 2.— On acceptance of an interrogation containing code 1 in the PC field transponders
certified before 1 January 2020 also do not reply to the Mode A/C/S all-call of 9.3.1.2.1.5.1.1.

This lockout condition shall persist for an interval T, (9.3.1.2.10.3.9) after the last receipt of
the command. Non-selective lockout shall not prevent acceptance of a Mode S-only all-call
interrogation containing PR codes 8 to 12.

Note 23.— Non-selective lockout does not affect the response of the transponder to Mode S-only
all-call interrogations containing Il not equal to 0.
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9.3.1.2.6.10.1.1.1 Permanent alert condition. The alert condition shall be maintained if the
Mode A identity code is changed to #5086,+660-e+7/708 any of the codes contained in one of
the two Mode A code sets defined as follows:

a) Mode A code set 1 for special purposes shall contain Mode A code 7500, 7600 or
7700.

b) Mode A code set 2 for special purposes shall contain Mode A code 7400, 7500, 7600
or 7700.

9.3.1.2.6.10.1.1.3 Termination of the permanent alert condition. The permanent alert
condition shall be terminated and replaced by a temporary alert condition when the Mode A
identity code is set to a value other than 75667606-e+7760 those defined in Mode A code set
1 or set 2 listed in 3.1.2.6.10.1.1.1, a) and b).

9.3.1.2.6.10.1.32 Special position identification (SPI). An equivalent of the SPI pulse shall be
transmitted by Mode S transponders in the FS field and the surveillance status subfield (SSS)
when manually activated. This pulse shall be transmitted for Tl seconds after initiation
(9.3.1.1.6.3,9.3.1.1.7.13 and 9.3.1.2.8.6.3.1.1).

9.3.1 .2.6.10.2.2.1.2 Sources of data link capability. Data link capability reports shall contain the
capabllltles prowded by the transponder the ADLP and the ACAS unit. H-exterralnputsare

9.3.1.2.6.10.2.2.1.3 The data link capability report shall contain information on the following
capabilities as specified in Table 9.3-6.

Note.— The content of the data link capability report differs between subnetwork versions. See Doc
9871 for further details.

9.3.1.2.6.10.2.2.3 Zeroing of bits in the data link capability report
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capabitityreport{transponder—register—40,)- If a particular data field W|th|n the data link

capability report (transponder register 10,,) cannot be updated within 8 seconds, the data
field shall be set to ZERO.

Note 1.— B+ : o A 6
eaﬁa-b#/-ty—mfefm&&eﬁ- B/t 33 md/cates the ava//ab///ty 0 /rcraft /dent/f/cat/on data a-ﬁd—fs—&et—by

Note 2.— Transponders maintaining aircraft identification upon the loss of the interface providing
aircraft identification do not reset to zero bit 33 (2.1.5.4.7 and 2.1.5.4.8)

9.3.1.2.6.10.3 Validation of on-the-ground status declared by an automatic means

Note.— The basic dataflash provides a protocol that allows the Mode S ground stations to be
advised of changes that occur infrequently in various transponder registers of interest. The ground
stations are advised of changes via Comm-B Broadcast of register 10,, and then extract as needed
or des:red the reg/ster or reg/sters of interest. Fe#a*em#t—w*h—a-n—a&tema%&mea-ns—ef

9.3.1.2.6.10.3.1 Basic dataflash capability report. Transponders which monitor at least one of
the registers subject to basic dataflash protocol and report their changes through the basic
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9.3.1.2.6.11 STANDARD LENGTH COMMUNICATIONS PROTOCOLS

9.3.1.2.6.11.2 Ground-initiated Comm-B
9.3.1.2.6.11.2.1 Comm-B data selector, BDS. The 8-bit BDS code shall determine the register

whose contents shall be transferred in the MB field 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 - CAR-ANSPart—7—7F5—Fabte
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9.3.1.2.6.11.3.4.1 The transponder shall be capable of storing _ each

of the sixteen Il codes: (1) an air-initiated or multisite-directed Comm-B message and (2) the
contents of GICB registers 2 through 4.

9.3.1.2.6.11.4.2 Extraction.

_ To extract the broadcast message, an interrogator shall transmit RR equals
16 and DI not equal to 3 or 7 or RR equals 16 and DI equals 3 or 7 with RRS equals 0 in a
subsequent interrogation.
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9.3.1.2.6.11.4.2.2 For equipment that support phase overlay on Mode S replies, PD message
bits 1 through 204 shall contain the data as specified in 3.1.2.6.11.2.6 for the register that is
broadcast or all ZEROs for other broadcast channels.

9.3.1.2.8.2.1 VS: Vertical status: This 1-bit (6) downlink field shall indicate the effective
air/ground state status-efthe-aireraft (9.3.1.2. 4.3.36-4+0-4-2).

Coding
0 signifies that the effective
air/ground state atreraft s
“airborne’

1 signifies that the effective
air/ground state atreraft s
“on-the-ground”

9.3.1.2.8.5.2 Acquisition squitter rate. Acquisition squitter transmissions shall be emitted at
random intervals that are uniformly distributed over the range from 0.8 to 1.2 seconds using
a time quantization of no greater than 15 milliseconds relative to the previous acquisition
squitter, with the following exceptions:

a) the scheduled acquisition squitter shall be delayed if the transponder is in a transaction
cycle (9.3.1.2.4.1);

d) when the effective air/ground state is “on-the-ground”, acquisition squitters shall enty be

transmitted only when en-the-surface-Hthe-transpenderishrotreporting the surface position
type-ofModeS extended squitter ADS-B messages are not being transmitted (3.1.2.8.6.3.2).

An acquisition squitter shall not be interrupted by link transactions or mutual suppression
activity after the squitter transmission has begun.

Note +.— A mutual suppression system may be used to connect onboard equipment operating in
the same frequency band in order to prevent mutual interference. Acquisition squitter action
resumes as soon as practical after a mutual suppression interval.
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9.3.1.2.8.5.3 Acquisition squitter antenna selection. Transponders operating with antenna
diversity (9.3.1.2.10.4) shall transmit acquisition squitters as follows:

a) when the effective air/ground state is “airborne® (9.3.1.2.4.3.38-6-7#), the transponder
shall transmit acquisition squitters alternately from the two antennas; and

b) when the effective air/ground state is “on-the-ground” er—the—surface (9.3.1.2.
4.3.38-6-7), the transponder shall transmit acquisition squitters urdereentret-of-SAS

only shal-bethe-defauit.

Note.— Acquisition squitters are not efritted-on-the-sutface transmitted if the effective air/ground

state is “on-the-ground” (3.1.2.4.3.3) and the transponder is repertingthesurfacetype-ofextended
sguftter transmitting surface position extended squitter ADS-B messages (9.3.1.2.8.6.4.3).

9.3.1.2.8.6.2 ME: Message, extended squitter. This 56-bit (33-88) downlink field in DF = 17 shall
be used to transmit broadcast messages. Extended squitter shall be supported by registers
05, 06, 07, 08, 09, OA {HEX} and 61-6F {HEX} and shall conform to either version 0, version 1,
or version 2 or version 3 message formats as described below:

a) Version 0 ES message formats and related requirements report surveillance quality
by navigation uncertainty category (NUC), which can be an indication of either 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.

b) Version 1 ES message formats and related requirements report surveillance
accuracy and integrity separately as navigation accuracy category (NAC), navigation
integrity category (NIC) and surveillance integrity level (SIL). Version 1 ES formats also
include provisions for enhanced reporting of status information; and

c) Version 2 ES message formats and related requirements contain the provisions of
version 1 but further enhance integrity and parameter reporting. Version 2 ES formats
separately report position source integrity from the integrity of the ADS-B transmitting
equipment. Version 2 ES formats also separate vertical accuracy reporting from
horizontal position accuracy, remove vertical integrity from position integrity, and
provide for the reporting of the SSR Mode A code, GNSS antenna offset and additional
horizontal position integrity values. Version 2 ES formats also modify the target state
report to include selected altitude, selected heading, and barometric pressure setting.

d) Version 3 ES message formats and related requirements contain the provisions of
Version 2 and incorporate additional capabilities. Version 3 ES improves reporting of
geometric altitude, supports the broadcast of weather and aircraft parameters in
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support of air-to-air and air-to-ground weather application as well as improves emitter
category classifications. Version 3 also includes support for UAS/RPAS operations as
well as position and velocity reporting to accommodate altitude and velocities not
supported by previous versions. To enable monitoring of interrogation rates detected
and transmitted reply rates by a transponder, Version 3 supports the broadcast of
such transponder activity. Version 3 additionally reports transponder antenna offset,
an indication of Mode S reply rate limiting status as well as ACAS coordination
capability reporting.

Note 1.— The formats and update rates of each register are specified in the Technical Previsions
forthode-SServicesand-Extended-Squitter<Doc 9871). The formats and update rates for individual

squitters are defined by the version number of the extended squitter.
Note 2.— The formats for the fourthree different versions are interoperable. An extended squitter
receiver can recognize and decode signals of its own version, as well as lower versions’ message

formats. The receiver, however, can decode higher version signals according to its own capability.

Note 3.— Guidance material on transponder register formats and data sources is included in the
Technical Provisions for Mode S Services and Extended Squitter (Doc 9871).

9.3.1.2.8.6.3 Extended squitter types

Note.— Extended squitter types described from 3.1.2.8.6.3.1 to 3.1.2.8.6.3.15 are defined in Doc
9871.

9.3.1.2.8.6.3.1 Airborne position squitter. The airborne position extended squitter type shall
use format DF = 17 with the contents of GICB register 05 {HEX} inserted in the ME field.

transponder shall report either navigation- derlved altitude, or the barometric altitude code in
this 12-bit (41-52) subfield of ME when ME contains an airborne position message. When
barometric altitude is reported, the contents of the ACS shall be as specified for the 13-bit AC
field (9.3.1.2.6.5.4) except that the M-bit (bit 26) shall be omitted.
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9.3.1.2.8.6.3.2 Surface position squitter. The surface position extended squitter type shall use
format DF = 17 with the contents of GICB register 06 {HEX} inserted in the ME field.

9.3.1.2.8.6.3.3 Aircraft identification squitter. The aircraft identification extended squitter type
shall use format DF = 17 with the contents of GICB register 08 {HEX} inserted in the ME field.

9.3.1.2.8.6.3.4 Airborne velocity squitter. The airborne velocity extended squitter type shall
use format DF = 17 with the contents of GICB register 09 {HEX} inserted in the ME field.
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9.3.1.2.8.6.4 Extended squitter rate

9.3.1.2.8.6.4.1 Initialization. At power up initialization, the transponder shall commence
operation in a mode in which it does not transmit extended squitters. The initialization
determination shall be made individually for each squitter type. broadeasts-entyacauisiton

9.3.1.2.8.6.4.2 Airborne position squitter rate. Airborne position squitter transmissions shall be
emitted when the broadcast message format (see 9.3.1.2.8.6.7) aireraft is fairborne

transmissions shall be emitted 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 airborne position squitter, with the exceptions as specified in
9.3.1.2.8.6.4.7.

Note.— Selection criteria for the airborne and HVA position squitters are specified in Doc 9871.

9.3.1.2.8.6.4.3 Surface position squitter rate. Surface position squitter transmissions shall be
emitted when the broadcast message format aireraftis—en—the—surface (see 9.3.1.2.8.6.7) is
“surface” using one of two rates depending uponwhether the high or low squitter rate has
been selected (9.3.1.2.8.6.9). When the high squitter rate has been selected, surface position
squitters shall be emitted 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
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to the previous surface position squitter (termed the high rate). When the low squitter rate
has been selected, surface position squitters shall be emitted at random intervals that are
uniformly distributed over the range of 4.8 to 5.2 seconds using a time quantization of no
greater than 15 milliseconds relative to the previous surface position squitter (termed the low
rate). Exceptions to these transmission rates are specified in 9.3.1.2.8.6.4.7.

9.3.1.2.8.6.4.4 Aircraft identification squitter rate. Aircraft identification squitter transmissions
shall be emitted at random intervals that are uniformly distributed over the range of 4.8 to
5.2 sec using a time quantization of no greater than 15 milliseconds relative to the previous
identification squitter when the aircraft is reporting the airborne position squitter type, or
when the aircraft is reporting the surface position squitter type and the high surfaceseatitter
rate has been selected. When the surface position squitter type is being reported at the low
surface rate, the aircraft identification squitter shall be emitted at random intervals that are
uniformly distributed over the range of 9.8 to 10.2 sec using a time quantization of no greater
than 15 milliseconds relative to the previous identification squitter. Exceptions to these
transmission rates are specified in 9.3.1.2.8.6.4.7.

9.3.1.2.8.6.4.5 Airborne velocity squitter rate. Airborne velocity squitter transmissions shall be
emitted when the broadcast message format aireraft—is—airborne (see 9.3.1.2.8.6.7) is
“airborne” and the HVA velocity squitter is not transmitted. Airborne velocity squitter
transmissions shall be emitted 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 airborne velocity squitter, with the exceptions as specified in
9.3.1.2.8.6.4.7.

9.3.1.2.8.6.4.6 Other extended Periodic—status—and-eventdriver squitter rates. Other extended
squitters shall be emitted at rates consistent with the extended squitter message type and
the associated extended squitter version number.
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9.3.1.2.8.6.5 Extended squitter antenna selection. Transponders operating with antenna
diversity (9.3.1.2.10.4) shall transmit extended squitters as follows:

a) when airberne the broadcast message format (see 9.3.1.2.8.6.7) is “airborne’, the

transponder shall transmit each type of extended squitter alternately from the two antennas;
and

b) when en-the-surface the broadcast message format (see 9.3.1.2.8.6.7) is “on-the-ground",
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9.3.1.2.8.6.7.1 Extended squitter ADS-B message format determination for ES version numbers 0
through 2. Mode S transponders that broadcast Version 0, 1 or 2 ES messages whose formats
are not determined as described in 9.3.1.2.8.6.7.2, shall determine the extended squitter
ADS-B message format based on the effective air/ground state (see 9.3.1.2.4.3.3).

9.3.1.2.8.6.7.1.1 If the effective air/ground state is “on-the-ground”, the extended squitter
ADS-B message format shall be “surface”.

9.3.1.2.8.6.7.1.2 If the effective air/ground state is “airborne”, the extended squitter ADS-B
message format shall be “airborne”, except as follows:

a) for aircraft whose emitter category (see Doc 9871) is Set “A” code 2, 3, 4, 5 or 6, or
Set “B" code 7, the extended squitter ADS-B message format shall be “surface” if:

i) if radio altitude and ground speed are available and airspeed is unavailable,
and radio altitude indicates < 50 feet and ground speed indicates < 100 knots;
or

ii) if radio altitude and airspeed are available and ground speed is unavailable,
and radio altitude indicates < 50 feet and airspeed indicates < 100 knots; or
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9.3.1.2.8.6.8.1 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
squitter rate in this 2-bit (33, 34) subfield of MB.

Coding
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surfacesquitterrate

9.3.1.2.8.6.9 Surface squitter rate control. Surface position messages shall be initiated using the
low squitter rate. The Ssurface squitter broadcast rate (“high” or “low” as defined in 3.1.2.8.6.4.3)
shall be determined as follows:

Note.— Transponders conforming to ADS-B Version 2 and earlier examine the transmission rate
subfield (TRS) to determine whether to transmit at the “high” or “low” rate. Relevant detailed
technical provisions are specified in Doc 9871.

CAAP-ODG-ICACS-NPRMF v1 r0
11 April 2025
Page 56 of 88




Republic of the Philippines
Civil Aviation Authority of the Philippines

Notice of Proposed Rule Making Form

2Z—thetrarsponder—shaltransmitsurface squittersat thedowrate the broadcast rate

shall be changed from “high” to “low” when the navigation source position data has not
changed more than 10 metres in any 15-minute interval £ 10 seconds;

Note.— It is acceptable to compute the 10-metre distance using either rectangular or polar
coordinates.

y el upon selecting the
“low" broadcast rate, the transmission device shall save the position data at the time
that the “low” rate was selected (including at initialization); and

the broadcast rate shall be changed from “low” to “high” when the position of the
transmission device has changed by 10 metres or more since the “low” rate was
selected.

9.3.1.2.8.6.11 Data insertion. When the transponder determines that it is time to emit an
alrborne position squitter, |t shall insert the current value of the barometrlc altitude (-u-ﬁ+e55

fields of register 05 {HEX}. The contents of this register shall then be inserted into the ME field
of DF = 17 and transmitted.

Note.— Insertion in this manner ensures that (1) the squitter contains the latest altitude and
surveillance status, and (2) ground read-out of register 05 {HEX} will yield exactly the same
information as the AC field of a Mode S surveillance reply

9.3.1.2.8.7.3.2 ES/NT squitter types

Note.— ES/NT squitter types described from 9.3.1.2.8.7.3.2.1 to 9.3.1.2.8.7.3.2.13 are defined in
Doc 9871.

9.3.1.2.8.7.3.2.1 Airborne posmon squitter. The alrborne posmon type ES/NT shall use format

field.
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9.3.1 .2.8.7.3.2.2 Surface pos:t/on squitter. The surface position type ES/NT shaII use format DF =

ME field.

9.3.1 .2.8.7.3.2.4 Airborne ve/oc:ty squitter. The alrborne velocity type ES/NT shaII use format DF

9.3.1.2.8.7.3.2.5 Reriodic—status—and—eventdriven—seauitters-Aircraft operational status squitter.

The aircraft operational status extended squitter type shall use format DF = 18 with the
contents of GICB register 65 {HEX} inserted in the ME field.

9.3.1.2.8.7.3.2.6 Target state and status squitter. The target state and status extended squitter
type shall use format DF = 18 with the contents of GICB register 62 {HEX} inserted in the ME
field.

9.3.1.2.8.7.3.2.7 “Emergency/Priority status” squitter. The “Emergency/Priority Status” extended
squitter type shall use format DF = 18 with the contents of GICB register 61 {HEX} inserted in
the ME field.

9.3.1.2.8.7.3.2.8 HVA position squitter. The HVA position extended squitter type shall use
format DF = 18 with the contents of GICB register 6E {HEX} inserted in the ME field.

9.3.1.2.8.7.3.2.9 HVA velocity squitter. The HVA velocity extended squitter type shall use format
DF = 18 with the contents of GICB register 6F {HEX} inserted in the ME field.

9.3.1.2.8.7.3.2.10 "“UAS/RPAS Contingency” Current/Next TCP squitter. The “UAS/RPAS
Contingency” Current/Next TCP extended squitter type shall use format DF = 18 with the
contents of GICB register 63 {HEX} to 64 {HEX} inserted in the ME field.
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9.3.1.2.8.7.3.2.11 ADS-B Wx AIREP squitters. The ADS-B Wx AIREP extended squitter types shall
use format DF = 18 with the contents of GICB register 68 {HEX} to 6A {HEX}, as applicable, to
insert the appropriate aircraft or weather state information in the ME field.

9.3.1.2.8.7.3.2.12 ADS-B Wx PIREP squitters. The ADS-B Wx PIREP extended squitter types shall
use format DF = 18 with the contents of GICB registers 6B {HEX} to 6D {HEX}, as applicable, to
insert the appropriate aircraft or weather state information in the ME field.

9.3.1.2.8.7.3.2.13 Extended Squitter event-driven information. The event-driven message shall
use format DF = 18 with the contents of GICB register OA {HEX} inserted in the ME field.

Note.— Although labeled as extended squitter, prior to Version 3 this message would only be
broadcast once each time the register was loaded with information. ADS-B Version 3 removed the
implementation of this register.

9.3.1.2.8.7.3.3 ES/NT squitter rate

9.3.1.2.8.7.3.3.1 Initialization. At power up initialization, the non-transponder device shall
commence operation in a mode in which it does not broadcast any squitters. The
non-transponder device shall initiate the broadcast of ES/NT squitters for airborne position,
surface position, airborne velocity and aircraft identification when data are available for
inclusion in the ME field of these squitter types. This determination shall be made individually
for each squitter type. When ES/NT squitters are broadcast, transmission rates shall be as
indicated in 9.3.1.2.8.6.4.2 t0 9.3.1.2.8.6.4.6.

Note 1.— This suppresses the transmission of extended squitters from aircraft that are unable to
report position, velocity or identity. If input to the register for the position squitter type stops for 60
seconds, broadcast will cease until data insertion resumes, except for an ES/NT device eperating-on
the—surface when the broadcast message format (see 3.1.2.8.6.7) is “surface” (as specified in the
Technical Provisions for Mode S Services and Extended Squitter (Doc 9871)). Broadcast of airborne
position squitters is not discontinued if barometric altitude data is available. Terminating
broadcast of other squitter types is described in Doc 9871.

Note 2.— After timeout (9.3.1.2.8.7.6) this squitter type may contain an ME field of all zeros.

9.3.1.2.8.7.3.3.2 Delayed transmission. ES/NT squitter transmission shall be delayed if the
non-transponder device is busy broadcasting one of the other squitter types.

9.3.1.2.8.7.3.3.2.1 The delayed squitter shall be transmitted as soon as the non- transponder
device becomes available.
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9.3.1.2.8.7.3.3.3 ES/NT antenna selection. Non-transponder devices operating with antenna
diversity (9.3.1.2.10.4) shall transmit ES/NT squitters as follows:

a) when airberre the broadcast message format (see 9.3.1.2.8.6.7) is “airborne”, the
non-transponder device shall transmit each type of ES/NT squitter alternately from the
two antennas; and

b) when er—the—surface the broadcast message format (see 9.3.1.2.8.6.7), the
non-transponder device shall transmit ES/NT squitters from using the top antenna
only.

9.3.1.2.8.7.3.3.4 Register timeout and termination. The non-transponder device shall clear
message fields and terminate broadcast of extended squitter messages as required to
prevent the reporting of outdated information.

Note.— The timeout and termination of an extended squitter broadcast is specified in the Technical
Provisions for Mode S Services and Extended Squitter (Doc 9871).

9.3.1.2.8.7.3.3.5 Airborne/surface  message  format selection stete—-determination.
Non-transponder devices shall report airborne or surface format extended squitter ADS-B
messages as per the requirements in 9.3.1.2.8.6.7. Al-FeFaf-t—M-t-h—a-Fhautema{-Hnea-ns—e#

9.3.1.2.8.8 EXTENDED SQUITTER MILITARY APPLICATION, DOWNLINK FORMAT 19

10011 AF:3

sf&#d%d%%nes&ege—&ef—b#e&dea&t—uaﬁgﬁHeHs—DF =19 can be used e/ther as a

squitter or as a reply.

9.3.1.2.8.8.2 Application field. This 3-bit (6-8) downlink field in DF = 19 shall be used to define
the format of the 112-bit transmission.

Code 0 to 7 = Reserved for military use
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9.3.1.2.8.9 EXTENDED SQUITTER MAXIMUM TRANSMISSION RATE

9.3.1.2.8.9.1 The maximum total number of full power extended squitters (DF =17, 18 and 19)
emitted by any extended squitter installation shall not exceed the following:

a) 6.2 messages/sec averaged over 60 sec for nominal aircraft operations with no
emergency and no ACAS RA activity, while not exceeding 11 messages being
transmitted in any 1-second interval; or

b) 7.4 messages per second averaged over 60 seconds under an emergency and/or
ACAS RA condition, while not exceeding 11 messages being transmitted in any
1-second interval.
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9.3.1.2.9.1.4 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 protocol of 9.3.1.2.6.11.4 for BDS1 =2 (33-36) and
BDS2 = 0 (37-40).The transponder shall initiate, generate and announce the revised aircraft
identification even-Htheinterface-providingfightidentificationdistost. The transponder shall
ensure that the BDS code is set for the aircraft identification report in all cases, including a
loss of the interface. trthistattereasebits4+—88-shalcontairaltZEROSs:

Note 1.— The setting of the BDS code by the transponder ensures that a broadcast change of
aircraft identification will contain the BDS code for all cases of flightaircraft identification failure
(e for example, the loss of the interface providing flgktaircraft identification).

Note 2.— In some transponders certified on or prior to 1 January 2030, bits 41-88 in register 20
{HEX} were set to zero upon loss of the interface providing aircraft identification. The transponder
also initiated, generated and announced the change in aircraft identification upon loss of the
interface.

9.3.1.2.10 ESSENTIAL SYSTEM CHARACTERISTICS OF THE SSR MODE S AND INTERMODE
TRANSPONDER CAPABILITIES

9.3.1.2.10.1 Transponder sensitivity and dynamic range. Transponder sensitivity shall be defined
in terms of a given interrogation signal input level and a given percentage of corresponding
replies. Only correct replies containing the required bit pattern for the interrogation received
shall be counted. Given an interrogation that requires a reply according to 9.3.1.2.4, the
minimum triggering level, MTL, shall be defined as the minimum input power level for 90 per
cent reply- to mterrogatlon ratio. The MTL shall be -74 dBm +3 dB for Mode S mterrogatlons

wrterrogations: The reply to-interrogation ratio of a Mode S transponder shall be:
a) at least 99 % for signal input levels between 3 dB above MTL and -21 dBm; and
b) no more than 10 % at signal input levels below -81 dBm.

Note.— Transponder sensitivity and output power are described in this section in terms of signal
level at the terminals of the antenna. This gives the designer freedom to arrange the installation,
optimizing cable length and receiver transmitter design, and does not exclude receiver and/or
transmitter components from becoming an integral part of the antenna subassembly.

9.3.1.2.10.1.1.2 Reply ratio in the presence of pulse pair interference. Given an Mode S
trotrinterrogation which requires a reply (9.3.1.2.4), the reply ratio of a transponder shall be
at least 90 per cent in the presence of an interfering P, - P, pulse pair if the level of the
interfering pulse pair is 9 dB or more below signal level for input signal levels between -68
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dBm and -21 dBm and the P, pulse of the interfering pair occurs no earlier than the P, pulse
of the Mode S signal.

9.3.1.2.10.1.1.4 Reply ratio in the presence of low-level in-band CW interference. In the presence
of non-coherent CW interference at a frequency of 1 030 +0.2 MHz at signal levels of 20 dB or
more below the desired Mede-A+—or Mode S interrogation signal level, the transponder shall
reply correctly to at least 90 per cent of the interrogations.

9.3.1.2.10.2.1 Unwanted output power

9.3.1.2.10.2.1.1 Inactive state transponder output power. When the transponder is in the
inactive state the peak ptise power at 1 090 MHz + 3 MHz at the antenna end of the
transmission line of the transponder shall not exceed -50 dBm when not installed with an
ACAS unit or =70 dBm when installed with an ACAS unit. The inactive state is defined te
trelade as the entire period between transmissions, less 10-psec transition periods preceding
the first pulse and plus 10-microsecond transition periods following the last pulse of the
transmission (see Figure 3-11).
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Note.— Inactive state transponder power is constrained in this way to ensure that an aircraft,
when located as near as 185 m (0.1 NM) to a Mode A/C or Mode S interrogator, does not cause
interference to that installation. In certain applications of Mode S, airborne collision avoidance for
example, where a 1 090 MHz transmitter and receiver are in the same aircraft, it may be necessary
to further constrain the inactive state transponder power.

L]

9.3.1.2.10.3.2 Mede-S-dDead time.
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at the end of a reply transmission and ending when the
sensitivity to within 3 dB of MTL
ere-thar 125 psec-dead tirre.

the time interval beginning

tranrspender has regained
shall not heve

9.3.1.2.10.3.6 Reply rate limiting

Note.— Reply rate limiting is prescribed separately for Modes A and C and for Mode S.

9.3.1.2.10.3.6.1 Mode S reply rate limiting. RS i

O o1 O 7

_ shall permit the minimum reply rates required in

9.3.1.2.10.3.7.2and 9.3.1.2.10.3.7.3.
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9.3.1.2.10.3.6.1.2.4 The Mode S reply rate limiting shall be accomplished using methods other
than sensitivity reduction.

Note.— Sensitivity-reduction rate limiting is prohibited due to the potential impact on ACAS.

9.3.1.2.10.3.6.1.2.5 The Mode S reply rate limiting function shall exclude the acquisition
squitter (see 9.3.1.2.8.5) and extended squitter (see 9.3.1.2.8.6) transmissions.

9.3.1.2.10.3.6.1.2.6 The Mode S reply rate limiting function shall process received
interrogations regardless of the received antenna channel.

9.3.1.2.10.3.6.1.2.7 The Mode S reply rate limiting function shall process received
interrogations regardless of uplink format.

Note.— The Mode S reply rate limiting also includes replies to ACAS resolution and coordination
messages.

9.3.1.2.10.3.6.1.2.8 The Mode S reply rate limiting should be accomplished stochastically.
9.3.1.2.10.3.6.2 Modes A and C reply rate limiting. Re194-y—Fa£e4+n=H-Em-g—fe-r=Meées—A-a+=+el—es-ha+l—be
(9.3.1.1.7.9.2) shall not affect the Mode S performance of the transponder.

9.3.1.2.10.3.7 Minimum reply rate capability, Modes-A—card-S

9.3.1.2.10.3.7.1 All reply rates specified in 9.3.1.2.10.3.7 shall be in addition to any squitter
transmissions that the transponder is required to make.

9.3.1.2.10.3.7.32 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:

9.3.1.2.10.3.7.43 Minimum Mode S ELM peak reply rate

9.3.1.2.10.3.8 Reply delay and jitter for Mode S
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9.3.1.2.10.3.8.21 Rephrdeloy-anditterfortode-S: For all input signal levels between MTL and
-21 dBm, the leading edge of the first preamble pulse of the reply (9.3.1.2.2.5.1.1) shall occur

128 + 0.25 psec after the sync phase reversal (9.3.1.2.1.5.2.2) of the received P,. The jitter of
the reply delay shall ret-exeeed-be less than or equal to 0.08 psec, peak (99.9 percentile).

9.3.1.2.10.3.10 Inhibition of replies. Replies to Mede—A+/S—at-catand Mode S-only all-call
interrogations shall always be inhibited when the effective air/ground state is “on-the-ground”
atreraft-dectares-the-on-the-ground-state. It shall not be possible to inhibit replies to discretely
addressed Mode S interrogations regareless—ef—whether—the—aircrafiis—airborre—oron—the
grotnd.

Note.— Transponders certified on or after 1 January 2020 also inhibit replies to the Mode A/C/S
all-call when the effective air/ground state is “on-the-ground” (see 9.2.1.5.4.4).

9.3.1.2.10.3.10.1 Aircraft shall provide air/ground data means-to-determine-the-en-the-grouned
state-autormaticalyand-provide-thatipfermation to the transponder.

9.3.1.2.10.3.10.2 Mode A/C replies from transponders with a Mode S capability shall be
inhibited when the effective air/ground state is “on-the-ground” airerafison-the-greund to
prevent interference when in close proximity to an interrogator or other aircraft.

Note.— Mode S discretely addressed interrogations do not give rise to such interference and may
be required for data link communications with aircraft on the airport surface. Acquisition squitter
transmissions may be used for passive surveillance of aircraft on the airport surface.

9.3.1.2.10.4.1 Radiation pattern. The radiation pattern of Mede-S antennas when installed on
an aircraft shall be nominally equivalent to that of a quarter-wave monopole on a ground
plane.

9.3.1.2.10.4.3 Antenna selection. Mode S transponders equipped for diversity operation shall
have the capability to evaluate a pulse sequence simultaneously received on both antenna

channels to determine individually for each channel if the P, pulse and the P, pulse of a Mode
CAAP-ODG-ICACS-NPRMF v1 r0
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S interrogation preamble meet the requirements for a Mode S interrogation as defined in

9.3.1.2.1 anre-HtheP,. puise-efa-ModeA-Mode-Corintermodeinterrogation

9.3.1.2.10.4.3.1 If the two channels simultaneously receive at least a P, - P, pulse pair that
meets the requirements for a Mode S interrogation, or a P, - P; pulse pair that meets the
requirements for a Mode A or Mode C interrogation, or if the two channels simultaneously
accept a complete interrogation, the antenna at which the signal strength is greater shall be
selected for the reception of the remainder (if any) of the interrogation and for the
transmission of the reply.

9.3.1.2.10.5 DATA PROCESSING AND INTERFACES
9.3.1.2.10.5.1 Direct data. Direct data shall be those which are required for the surveillance

protocol of the Mode S system.

9.3.1.2.10.5.1.1 Fixed direct data. Fixed direct data are data from the aircraft which do not
change in flight and shall be:

a) The aircraft address (9.3.1.2.4.1.2.3.1.1 and 9.3.1.2.5.2.2.2);
b) the maximum airspeed (9.3.1.2.8.2.2); and
c) the registration marking if used for #ightaircraft identification (9.3.1.2.9.1.1).

9.3.1.2.10.5.1.3 Variable direct data. Variable direct data are data from the aircraft which can
change in flight and shall be:

a) the Mode C altitude code (9.3.1.2.6.5.4);

b) the Mode A identity code (9.3.1.2.6.7.1);

C) Fhe—on-the-grotung—condition—air/ground data (9.3.1.2.5.2.2.1, 9.3.1.2.6.5.1 and
9.3.1.2.8.2.1);

d) The aircraft identification if different from the registration marking (9.3.1.2.9.1.1);
and

e) the SPI condition (9.3.1.2.6.10.1.3).

9.3.1.2.10.5.1.4.4 Interfaces shall be included to accept the pressure-altitude and
en-the-greund-coding air/ground data.

Note.— A specific interface design for the variable direct data is not prescribed.
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9.3.1.2.11 ESSENTIAL SYSTEM CHARACTERISTICS OF THE GROUND INTERROGATOR MODE S
CAPABILITIES

9.3.1.2.11.1.1.1 The interrogation repetition rate for the Mede—A//S—aH-eal—used—For
acgtisition—shal-betessthar250-persecond—Fhisrate-shallalseapply-te-the paired Mode
S-only and Mode A/C-only all-call interrogations used for acquisition in the multisite mode
shall be less than 250 per second.

9.3.1.2.11.1.1.2 Maximum number of Mode S all-call replies triggered by an interrogator. For
aircraft that are not locked out, a Mode S interrogator shall not trigger, on average, more than
6 Mode S all-call replies per period of 200 ms and no more than 26 Mode S all-call replies
counted over a period of 18 seconds.

9.3.1.2.11.54 SPURIOUS RESPONSE

The response to signals not within the passband shall be at least 60 dB below normal
sensitivity.

9.3.1.2.11.65 Lockout coordination. A Mode S interrogator shall not be operated using all-call
lockout until coordination has been achieved with all other operating Mode S interrogators
having any overlapping coverage volume in order to ensure that no interrogator can be
denied the acquisition of Mode S-equipped aircraft. If coordination is not possible due to
system designs (for example, a mobile interrogator), the interrogator shall either use passive
means of acquisition or operate using lockout override (3.1.2.5.2.1.4) with supplementary
acquisition (3.1.2.5.2.1.5).

Note 1.— This coordination may be via ground network or by the allocation of interrogator
rdentiffe—# codes and will involve regional agreements where coverage overlaps international
boundaries.

Note 2.— Interrogators that do not use Mode S-only all-call interrogations, all-call lockout protocol
or multisite data link protocol can use any IC value in the IIS or SIS fields of their selective
interrogations without a need for coordination with neighbouring systems.
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9.3.1.2.11.76 MOBILE INTERROGATORS

TABLES FOR CHAPTER 9.3
Table 9.3-1. Pulse shapes — Mede-S—and-intermede-interrogations-Interrogation pulse

durations

Duration (Rise time) (Decay time)

Tolerance Min. Max. Min. Max.
P1, P2, 0.80 +0.409 0.05 0.10 0.05 0.20
P4 0.80 +0.409 0.05 0.10 0.05 0.20
P4 +6 ++ 665 8+ 885 62
P6 16.25 +0.205 0.05 0.10 0.05 0.20
P6 30.25 +0.205 0.05 0.10 0.05 0.20
S, 0.80 +0.10 0.05 0.10 0.05 0.20

Table 9.3-2. Pulse shapes - Mode S replies

Pulse Duration (Rise time) (Decay time)
Duration Tolerance Min- Max. A= Max.
0.5 +0.05 8-65 0.1 865 0.2
1.0 +0.05 6-685 0.1 865 0.2

Table 9.3-3. Field definitions

Table 9.3-4. Subfield definitions

Subfield
Designator Function Field Reference
ACS Altitude code subfield ME 9.3.1.2.8.6.3.1.2
AlS Aircraft identification MB 9.3.1.2.9.1.1
subfield
BDS1 Comm-B data selector MB 9.3.1.2.6.11.2.1
subfield 1
BDS 2 Comm-B data selector MB 9.3.1.2.6.11.2.1
subfield 2
IDS Identifier designator Um 9.3.1.2.6.5.3.1
subfield
s Interrogator identifier SD 9.3.1.2.6.1.4.1 a)
subfield UM 9.3.1.2.6.5.3.1
LOS Lockout subfield SD 9.3.1.2.6.1.4.1 d)
LSS Lockout surveillance SD 9.3.1.2.6.1.4.1g)
subfield
MBS Multisite Comm-B SD 9.3.1.2.6.1.4.1 ¢)
subfield
MES Multisite ELM subfield SD 9.3.1.2.6.1.4.1 ¢)
ovc Overlay control SD 9.3.1.2.6.1.4.1 i)
CAAP-ODG-ICACS-NPRMF v1 r0
11 April 2025

Page 70 of 88



Republic of the Philippines
Civil Aviation Authority of the Philippines

Notice of Proposed Rule Making Form

RRS Reply request subfield SD 9.3.1.2.6.1.4.1 ¢)
and g)
RSS Reservation status SD 9.3.1.2.6.1.4.1 ¢)
subfield
subfield
Scs Squitter capability MB 9.3.1.2.6.10.2.2.1
subfield
Sic Surveillance identifier MB 9.3.1.2.6.10.2.2.1
capability
SIS Surveillance identifier SD 9.3.1.2.6.1.4.18)
subfield
SRS Segment request MC 9.3.1.2.7.7.2.1
subfield
Sss Surveillance status ME 9.3.1.2.8.6.3.1.1
subfield
TAS Transmission MD 9.3.1.2.7.4.2.6
acknowledgement
subfield
™S Tactical message SD 9.3.1.2.6.1.4.1 d)
subfield
subfield
Table 9.3-6. Table for the data link capability report register 10,
Subfields of register 10,4 MB bits Comm-B
bits
Continuation flag 9 41
Operational coordination 10 42
message (OCM) transmit
capability
Overlay command capability 15 47
ACAS capability 16 aSnd 48 and
Mode S subnetwork version 17-23 49-55
number
Transponder enhanced 24 56
protocol indicator
Specific services capability 25 57
Uplink ELM capability 26-28 58-60
Downlink ELM capability 29-32 61-64
Aircraft identification capability 33 65
Squitter  capability  subfield 34 66
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(SCS)

Surveillance identifier code 35 67
capability (SIC)

Common usage GICB capability 36 68
report

Basic dataflash capability 42 74
Phase overlay (PO) on extended 43 75
squitter capability

Phase overlay (PO) on Mode S 44 76
capability

Active transponder side 49-50 81-82
indicator

Register 1116 data link 51 83
capability (continuation) change

indicator

Status—ef-DFE—sub-aderesses—o 4456 73-88
o5

Note.— The “Status of DTE sub address 0 to 15” subfield that was previously defined as MB bits
41-56 in the data link capability report (register 1016) is now defined as MB bits 41-56 in the data
link capability report (extension ) (register 1116). Additional information on all bits in the data link
capability report can be found in Doc 9871.
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270 110

315 111

Table 9.3-9. Timer characteristics

Timer Duration Tolerance
Name Number Reference Symbol s s Resettable
Non-selecti 1 9.3.1.2.6.9.2 Tp 18 11 no
ve lock-out
Temporary 1 9.3.1.2.6.10. T, 18 11 no
alert 1.1.2
SPI 1 9.3.1.2.6.10. T, 18 *1 no
1.3
Reservatio 3* 9.3.1.2.6.11. Tx 18 11 yes
nsB,C,D 3.1
Multisite 78 9.3.1.2.6.9.1 T, 18 *1 no
lockout
Basic 1 9.3.1.2.6.10. T: 30 *1 no
dataflash 3.4.2
* As required
Table 9.3-11. Transmitted interrogation signal details teleranees
P— pEa— FER—
A LR e T—
R - gl e
321504 Pislse-ammplitude o, P
Function Value Reference
Mode A/C
Carrier frequency 1 030 +0.20 MHz 9.3.1.1.1.1 -
9.3.1.1.1.2
Pulse interval P, - P; (Mode 8 +0.18 microsecond 9.3.1.1.4.3
A
Pulse interval P, - P; (Mode 21 £0.18 microsecond 9.3.1.1.4.3
o)
Pulse interval P, - P, 2 £0.10 microsecond 9.3.1.1.4.4
Pulse duration P,, P,, P, 0.8 £0.09 microsecond 9.3.1.1.4.5
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o 11
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Pulse amplitude first
microsecond P,

Equal to or greater than P1 -
0.25dB

9.3.1.2.1.5.25

Table 9.3-12. Phase overlay message type field definition

Message type Forward error Meaning
value correction

0 N/A No data

1 RS ADSB state and status
message

2 Mode S GICB data

3 Interrogation/reply monitor
message

4 Test message

5 DF-18 (ADS-R, ADS-SLR, TISB)

6 Undefined

7 LDPC ADSB state and status
message

8 Mode S GICB data

9 Interrogation/reply monitor
message

10 Test message

11 DF-18 (ADS-R, ADS-SLR, TISB)

12 Undefined

13-255 Reserved

Table 9.3-13. Phase overlay LDPC data structure

Block # Phase message data bit Phase parity correction data bit

(34 bits) (20 bits)
1 1-34 205-224
2 35-68 225-244
3 69-102 245-264
4 103-136 265-284
5 137-170 285-304
6 171-204 305-324

Table 9.3-14. Phase overlay message subtype field definition

Value Meaning
0 No data
1 The PO data-block contains predefined values
as defined for selected GICB registers
2-15 Reserved
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Figure 9.3-7 Summary of Mode S interrogation or uplink formats
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Figure 9.3-8 Summary of Mode S reply or downlink formats
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CHAPTER 9.5 MODE S EXTENDED SQUITTER
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9.5.1 MODE S EXTENDED SQUITTER TRANSMITTING SYSTEM CHARACTERISTICS

Note.— Many of the requirements associated with the transmission of Mode S extended squitter
are included in Chapters 9.2 through Chapter 9.5 end-chapter—93 for Mode S transponder and
non- transponder devices using the message formats defined in the Technical Provisions for Mode
S Services and Extended Squitter (Doc 9871). The provisions presented within the following
subsections are focused on requirements applicable to specific classes of airborne and ground
transmitting systems that are supporting the applications of ADS-B and TIS-B.

9.5.1.1 ADS-B out requirements
9.5.1.1.1 Aircraft, surface vehicles and fixed obstacles supporting an ADS-B capability shall
incorporate the ADS-B message generation function and the ADS-B message exchange

function (transmit) as depicted in Figure 9.5-1.

9.5.1.1.1.1 ADS-B transmissions from aircraft shall be in accordance with 3.1.2.8.6.3 for
transponderbased systems or 9.3.1.2.8.7.3.2 for non-transponder-based systems irelade

9.5.1.1.1.2 Extended squitter transmitting equipment shall use formats and protocols of the
latest version available.

Note 1.— The data formats and protocols for messages transferred via extended squitter are
specified in the Technical Provisions for Mode S Services and Extended Squitter (Doc 9871).

Note 2.— Some States and/or regions require extended squitter version 2 or later to be transmitted
by specific dates.

9.5.1.1.2 Extended squitter ADS-B transmission requirements. Mode S extended squitter
transmitting equipment shall be classified according to the unit's intended range capability
and the set of parameters that it is capable of transmitting consistent with the following
definition of general equipment classes and the specific equipment classes defined in Tables
9.5-1 and 9.5-2:

a) Class A extended squitter airborne systems support an interactive capability
incorporating both an extended squitter transmission capability (i.e. ADS-B OUT) with a
complementary extended squitter reception capability (i.e. ADS-BIN) in support of
onboard ADS-B applications;

b) Class B extended squitter systems provide a transmission only (i.e. ADS-B OUT
without an extended squitter reception capability) for use on aircraft, surface vehicles,
or fixed obstructions; and
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) Class C extended squitter systems have only a reception capability and thus have no
transmission requirements.

9.5.1.3 ADS-B OUT requirements for surface vehicles

9.5.1.3.1 All surface vehicles supporting any versions of extended squitter ADS-B capability
shall transmit extended squitter messages as per 9.5.1.1.2.
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9.5.1.3.2 Extended squitter version 2 or later required system performance. The position source
and equipment installed in surface vehicles to transmit extended squitter version 2 or later
messages shall support the following performance characteristics:

9.5.1.3.2.4 The system design assurance parameter shall be equal to 1 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 10-3.

Note 1.— These minimum performance requirements for extended squitter version 2 or later
transmitted position data from surface vehicles are necessary to support aircraft-based alerting
applications.

9.5.2 MODE S EXTENDED SQUITTER RECEIVING SYSTEM CHARACTERISTICS (ADS-B IN AND
TIS-B IN)

Note 2.— Detailed technical provisions for Mode S extended squitter receivers can be found within
RTCA DO- 260CB/EUROCAE ED-102BA “Minimum Operational Performance Standards for 1 090
MHz Extended Squitter Automatic Dependent Surveillance - Broadcast (ADS-B) and Traffic
Information Services - Broadcast (TIS B).”

9.5.2.2.4 Enhanced reception techniques. Class A1, A2 and A3 airborne receiving systems shall
include the following features to provide improved probability of Mode S extended squitter
reception in the presence of multiple overlapping Mode A/C fruit and/or in the presence of an
overlapping stronger Mode S fruit, as compared to the performance of the standard
reception technique required for Class AO airborne receiving systems:

a) Improved Mode S extended squitter preamble detection.

d) Advanced range receiver techniques for Class A3 receivers, which includes optional
additional performance enhancements from the use of multiple receivers and antenna
sectorization.

Note 1.— The above enhanced reception techniques are as defined in RTCA DO-260C€B/EUROCAE
ED-102BA, Appendix I.

Note 2.— The performance provided for each of the above enhanced reception techniques when
used in a high fruit environment (i.e. with multiple overlapping Mode A/C fruit) is expected to be at
least equivalent to that provided by the use of the techniques described in RTCA
DO-260CB/EUROCAE ED-102BA, Appendix |.

9.5.2.3.2 When an extended squitter message is received, the message shall be decoded and
the applicable ADS-B report(s) of the types defined in 9.5.2.3.3 shall be generated within 0.5
seconds.
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Note 2.— Extended squitter ground receiving systems receive ADSB messages and produce either
application-specific subsets or complete ADS-B reports based on the needs of the ground service
provider, including the client applications to be supported. Ground receiving systems may also
generate ADS-B Wx Pilot Reports (PIREPs) based upon ADS-B Wx PIREP messages. Additional
information on ADS-B Wx PIREP messages can be found in Doc 9871.

9.5.2.3.3 ADS-B REPORT TYPES

Note 1.— The ADS-B report refers to the restructuring of ADS- B message data received from Mode
S extended squitter broadcasts into various reports that can be used directly by a set of client
applications. Five ADS-B report types are defined by the following subparagraphs and additional
two ADS-B report types (ADS-B Wx Air Report (AIREP)and Aircraft State Report) are defined in Doc
9871 for output to client applications. Additional information on the ADS-B report contents and the
app//cable mapp/ng from extended squ1tter messages to ADS- B reports can be found —the

information is received in ADS-B Wx subtype 1 and 2 messages along with additional weather
information received in aircraft status subtype 1 extended squitter messages. The aircraft state
report is an optional report that will begenerated when information is received in ADS-B Wx
subtype 0 messages. The ADS B Wx subtype 0, 1 and 2 messages are defined in Doc 9871. Specific
requirements for the customization of this type of report may vary according to the needs of the
client applications of each participant.

9.5.2.3.3.1 State vector report. The state vector report shall contain time of applicability,
information about an airborne or vehicle’s current kinematic state (e.g. position, velocity), as
well as a measure of the integrity of the navigation data, based on information received in
airborne or greurdsurface position, airborne velocity, identification and category; and aircraft
operational status and—target-state—and-status extended squitter messages. Since separate
messages are used for position and velocity, the time of applicability shall be reported
individually for the position related report parameters and the velocity related report
parameters. Also, the state vector report shall include a time of applicability for the estimated
position and/or estimated velocity information (i.e. not based on a message with updated
position or velocity information) when such estimated position and/or velocity information is
included in the state vector report.

9.5.2.3.3.2 Mode status report. The mode status report shall contain time of applicability and

current operational information about the transmitting participant, including airborne/vehicle
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address, call sign, ADS-B version number, airborne/vehicle length and width information,
state vector quality information, and other information based on information received in
aircraft operational status, target state and status, aircraft identification and category,
airborne velocity and aircraft status extended squitter messages. Each time that a mode
status report is generated, the report assembler function shall update the report time of
applicability. Parameters for which valid data is not available shall either be indicated as
invalid or omitted from the mode status report.

Note 1.— Specific requirements for the customization of this type of report may vary according to
the needs of the client applications of each participant (ground or airborne).

Note 2.— The age of the information being reported within the various data elements of a mode
status report may vary as a result of the information having been received within different
extended squitter messages at different times. In the absence of item-specific timestamp
information, the mode status report includes an optional data update flag that provides
applications with the means to establish data age.

9.5.2.3.3.3 Air referenced velocity report. Air referenced velocity reports shall be generated
when air referenced velocity information is received in airborne velocity or ADS-B Wx AIREP
extended squitter messages. The air referenced velocity report shall contain time of
applicability, airspeed and heading information. Only certain classes of extended squitter
receiving systems, as defined in 9.5.2.3.5, are required to generate air referenced velocity
reports. Each time that an individual mede-status air referenced velocity report is generated,
the report assembly function shall update the report time of applicability.

Note 1.— The air referenced velocity report contains velocity information that is received in
airborne velocity or ADS-B Wx AIREP messages along with additional information received in
airborne identification and category extended squitter messages. Air referenced velocity reports

are not generated for surface participants when—groundreferencedretocityhformation1sbens
recefred-r-the-afrborre-yetocity-extended-squittermessages:

Note 2.— Specific requirements for the customization of this type of report may vary according to
the needs of the client applications of each participant greunt-or-airborter.

9.5.2.3.4 TIS-B REPORT TYPES

9.5.2.3.4.1 As TIS-B messages are received by airborne receiving systems, the information
shall be reported to client applications. Each time that an individual TIS-B report is generated,
the report assembly function shall update the report time of applicability to the current time.

Note 1.— The TIS-B message formats are defined in the Technical Provisions for Mode S Services
and Extended Squitter (Doc 9871).
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9.5.2.3.4.2 TIS-B target report. All received information elements, other than position, shall be
reported d|rectly including all reserved fields for the TIS-B fine format messages are-the
ge. The reporting format is

not speC|f|ed in detail, except that the information content reported shall be the same as the
information content received.

9.5.2.3.4.5 Traffic uplink HS-B-management report: The entire message content of any received
traffic uplink H#5-B management message shall be reported directly to the client applications.
The information content reported shall be the same as the information content received.

9.5.2.3.4.5.1 The contents of any received traffic uplink #5-B management message shall be
reported bit-for-bit to the client applications.

9.5.2.3.5 REPORT TIME OF APPLICABILITY
The receiving system shall use a local source of reference time as the basis for reporting the

time of applicability, as defined for each specific ADS-B and TIS-B report type (see 9.5.2.3.3
and 9.5.2.3.4).

9.5.2.3.5.1 GNSS UTC measure frecision time reference. For rReceiving systems that intended to

generate ADS-B and/or TIS-B reports based-en-the—reception—ofsurface—position—rnessages;
atrbernre—positon-rmessages—androrHS-Brressages—shal that use GNSS UTC measured time
for the purpose of generating the report time applicability, forthefolowing-casesofreceived

+0-er3+ UTC measured time data shall have a minimum range of 300 seconds and a
resolution of 0.0078125 (1/128) seconds.

9.5.2.3.5.2 ESTABLISHED INSTALLATION RECEIVER NON-PRECHSION+HOEAL TIME REFERENCE

9.5.2.3.5.2.1 For recelvmg systems ﬁet—mtended—te that generate ADS-B and/or TIS- B reports
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measure time per 5.2.3.5.1 and for which tr—sueh—eases—where there is no appropriate
preeiston time sedree reference available, the receiving system shall establish an appropriate
internal clock or counter having a maximum clock cycle or count time of 20 milliseconds. The
established cycle or clock count shall have a minimum range of 300 seconds and a resolution
of 0.0078125 (1/128) seconds.

Note.— The use of a nen-precision time reference as described above is intended to allow the
report time of applicability to accurately reflect the time intervals applicable to reports within a
sequence. For example the applicable time interval between state vector reports could be
accurately determined by a client application, even though the absolute time e.g. UTC measured
time) would not be indicated by the report.

Tables for Chapter 9.5

Table 9.5-3. Reception performance for airborne receiving systems
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Table 9.5-4. Mode S extended squitter airborne receiving system reporting Requirements
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