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	Summary: 

	This preliminary document provides a table of systems vs. reference documents, a list of reference documents and definitions and background information necessary for understanding DME and TACAN equipment and definitions.


	Proposal:

	SE7 is invited to consider the enclosed material

	Background:

	To be incorporated into compendium of systems and equipment in the band 960 to 1215 MHz




Definitions:

#abrv

	
	
	
	
	DME
	TAC
	SSR
	M.S
	ACAS
	MLAT
	UAT
	IFFT
	LDACS

	
	
	
	
	
	
	
	
	
	
	
	
	

	2018109
	
	Antenna Gain transponder
	The antenna gain of the many DME and TACAN antenna varies depending on operational requirements and the environment the antennas were designed for, e.g. transportable, fixed or MM use. The antenna Gain varies from a min. of 6 dBi to a max. of 12 dBi for circular shaped antenna pattern and 16 dBi for (Bi-) directional antennas

Note: while today dBi is the accepted reference for antenna gain, older references may use  dB. In cases when no reference to isotropic antennas is made, the worst case assumption has to be made that the reference is to a dipole dBd. Therefore unless dBi is specified a margin of +2.15 dB has to be added.
	x
	x
	
	
	
	
	
	
	

	2018109
	
	Antenna Main Beam Elevation Angle
	The elevation angle or tilt of the main beam of antennas used for DME/N, DME/P and TACAN transponder varies. Most DME and TACAN antenna have a minimum main beam elevation angle to reduce impact of ground multipath. The main beam elevation ovaries with operational use and therefore antenna design between about 3° to 20° as shown for a number of antenna pattern below
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Figure 1: Variation of elevation pattern ±90° from horizontal plane
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	Beacon
	See transponder RD-75-194-I p34
	
	
	
	
	
	
	
	
	

	
	
	Beacon receiver sensitivity
	See MDS 
	
	
	
	
	
	
	
	
	

	2018125
	CW
	Continuous Wave
	Continuous Wave of an  unmodulated carrier for ARNS equipment. 

Note: the source of CW interference is the Local Oscillator (LO) leakage from other ARNS equipment e.g. transponder or interrogator
	
	
	
	
	
	
	
	
	

	2018125
	CPME
	Control Precision Monitoring Equipment
	see Parrot
	
	
	x
	x
	
	
	x
	
	

	2018125
	
	CW-rejection 
	see CW-suppression
	x
	x
	
	
	
	
	
	
	

	2018125
	
	CW-suppression
	Definition of a value of -10 dB, (some may use -8 dB or -9 dB) below the receiver sensitivity. [ED-57] [TO FRN-45-TM-31R4-2FRN45-2-33GE-1] 

Note: CW-suppression is intended to cover Local Oscillator (= single frequency stable carrier) leakage from other ARNS sensors, interrogator transponder-, transponder-monitor or CPME equipment. 

It was not intended to define the suppression of any other signals or modulations that ARNS sensors, interrogator transponder-, transponder-monitor  or Parrot equipment can withstand.
	x
	x
	
	
	
	
	
	
	

	2018125
	
	Dead time transponder
	period immediately following the decoding of a valid interrogation during which a received interrogation will not cause a reply to be generated. 

A recovery time describes the time after a Dead Time needed by an receiver to achieve full sensitivity.

Note: Dead time is intended to prevent the transponder from replying to echoes resulting from multipatheffectsED-57
	x
	x
	x
	x
	x
	x
	
	x
	

	2018110
	
	Dead Time transponder
	After reception of a proper interrogation, the transponder shall not reply to any other interrogation at least for the duration of the reply pulse train. This dead time shall not end later than 125 µs after the transmission of the last reply pulse. DO-144 2-I.6
	x
	x
	x
	x
	x
	x
	
	x
	

	
	
	Decode Efficiency
	See Reply Efficiency
	
	
	
	
	
	
	
	
	

	2018125
	
	Decoder 
	circuit to discriminate the various pulse pair spacing’s that originate from DME/N, DME/P or TACAN interrogator or transponder in order to establish if the pulse pair spacing is within the allowable tolerances associated to a valid pulse code. Pulse codes are x-, x-IA, x-FA, y-, y-IA, y-FA, w-, w-IA, w-FA, z-, z-IA, z-FA, (IA and FA Mode only used in DME-P capable transponder and interrogator). ED-57
	x
	x
	
	
	
	
	
	
	

	2018125
	
	Discriminator
	McKinley- or Ferris-Discriminator are used to achieve the suppression of up to 80 dB  DME/TACAN pulses in adjacent channel, even if the RF-Receiver-selectivity does not provide more than e.g. 22dB of suppression . 
	x
	x
	
	
	
	
	
	
	

	2018125
	
	DME/P-FA
	In DME/P, Final Approach Mode an interrogation mode designed to be used during the final stages of approach and landing, giving an increase in accuracy required when paired with MLS.
	x
	
	
	
	
	
	
	
	

	2018125
	
	DME/P-IA
	In DME/P Initial Approach (IA), an interrogation mode compatible and interoperable with DME/N, designed to be used during initial stages of approach and landing when paired with MLS.
	
	
	
	
	
	
	
	
	

	2018125
	
	Echo
	Signals received via ground reflections or reflections on other airborne and ground objects which arrive after the first pulse of a transmission has been received. 

Note: Echoes strong enough to initiate multiple replies were measured to last up to about 250 µs.  As consequence SDES and LDES circuits were retro and forward fitted to DME and TACAN transponders.
	x
	x
	
	
	
	
	
	
	

	2018125
	
	Echo suppression
	While at the time of DME and TACAN system design the defined dead times were thought sufficient, multiple interrogations due to multipath were detected during Flight Inspections, originating from the initial interrogation. Echoes strong enough to initiate multiple replies were measured to last up to about 250 µs.  As consequence SDES and LDES circuits were retro and forward fitted to DME and TACAN transponders.
	
	
	
	
	
	
	
	
	

	2018125
	
	EIRP 
	The product of the transmitted peak power at the antenna input and the antenna gain referred to an isotropic antenna in dBi. ED-57

Note: while today dBi is the accepted reference for antenna gain, older references may use  dB. In cases when no reference to isotropic antennas is made, the worst case assumption has to be made that the reference is to a dipole dBd. Therefore unless dBi is specified a margin of +2.15 dB has to be added.
	
	
	
	
	
	
	
	
	

	2018125
	
	Equalizing
	Transmission of additional pulse pairs having the same characteristics as pulses interrogation and reply pulse pairs, transmitted during periods of identification in order to preserve a constant transmitter duty cycle.
	x
	x
	
	
	
	
	
	
	

	2018125
	
	Far Field Monitor
	see Parrot
	
	
	x
	x
	
	
	x
	
	

	2017c
	Id
	Identification
	Identification is transmitted  every 30 to 40 s  in Morse Code and are decoded from pp-groups that 1350 Hz audio via LP filtering and/or detection of Id for transmission via aircraft data bus (ARINC)

Note: Identification of DME/TACAN is required to ensure that the correct beacon has been established, e.g. when operation outside the published DOC
	x
	x
	
	
	
	
	
	
	

	2018125
	LDES
	Long Distance Echo Suppression
	Circuit designed to prevent replies of transponder to echoes received after the dead time of a transponder of the initial valid interrogation pulse pairs. 
	x
	x
	
	
	
	
	
	
	

	2018125
	MTL
	Minimum Triggering Level 
	See Receiver Sensitivity 

Minimum Signal for an interrogation necessary to achieve a reply [AC-00-31A]
	x
	x
	
	
	
	
	
	
	

	2018125
	
	Monitor
	Monitor receiver for constant monitoring of the transmitter for compliance to standards, which switches when noncompliance is detected to the standby transmitter, and when a further non-compliance is detected switches of the DME/N, DME/P or TACAN- transponder.

Note: Monitor receiver may be separate, and at a location removed  from the DME/N, DME/P or TACAN- transponder and associated antenna site [TDR-408] or the monitor is colocated with DME/N, DME/P or TACAN- transponder and is provided via some form of coupling to the antenna with the necessary signals.
	x
	x
	
	
	
	
	
	
	

	2018125
	
	Multipath 
	see Echo
	
	
	
	
	
	
	
	
	

	2018125
	
	Multipath
	see Echo
	
	
	
	
	
	
	
	
	

	2018125
	
	Parrot
	Remote transponder used to monitor SSR and Mode S based interrogators for compliance to standards.  
	
	
	x
	x
	
	
	x
	
	

	2018125
	
	Peak Power interrogator
	Ptx peak = 64 dBm [DO-99]
	
	
	
	
	
	
	
	
	

	2018125
	
	Peak Power transponder 
	Ptx peak = 69 dBm for TACAN and Ptx peak = 60 dBm for DME
	
	
	
	
	
	
	
	
	

	2017c
	PAM
	Pulse Amplitude Modulation 
	Pulse Amplitude Modulation across all transmitted pulses. The Azimuth information is referenced to magnetic north, and contained in a 15 Hz and 135 Hz PAM modulated via a mechanically/electronically-steered rotating TACAN antenna pattern across all transmitted pulses by a TACAN transponder. Via the additional Reference Pulse Groups transmitted by a TACAN the PAM can be detected 

The depth of modulation varies with antenna and elevation angle and is for most angles within 20 % ±10 %, but can reach 55%.
	
	x
	
	
	
	
	
	
	

	
	
	Pulse pair Count - DME transponder
	DME transponder can be chosen by the ANSP to operate either with a variable squitter rate of (800 pp/s, or fixed pulse pair count of 2700 pp/s or up to 5400 pp/s if constant reply rate is chosen. When valid interrogations are processed squitter pulses are replaced by replies, except for the defined number of monitoring pulse pairs.

During transmission of ID-pulse pairs and the additional equalizing pulse pairs the pulse count will increase, depending on the points and dashed to be transmitted for ID. 

Furthermore most transponders will process and reply to interrogations, if the interrogation pulse pairs are above the receiver sensitivity.
	
	
	
	
	
	
	
	
	

	
	
	Pulse pair Count - TACAN transponder
	TACAN transponder can be chosen by the ANSP/operator  to operate either with a fixed pulse pair count of 36000 pp/s or up to 5400 pp/s. When valid interrogations are processed squitter pulses are replaced by replies. Contained in this number are  900 pulse pairs for the Reference Pulse Groups and monitoring pulse pairs.  

During transmission of ID-pulse pairs and the additional equalizing pulse pairs the pulse count will increase, depending on the points and dashed to be transmitted for ID. 

Furthermore most transponders will process and reply to interrogations, if the interrogation pulse pairs are above the receiver sensitivity.
	
	
	
	
	
	
	
	
	

	
	
	Pulse pair Count – Interrogator 
	

interrogator search/track

DME/N 

(150 pp / (30 pp/s

DME/P

refer to ICAO Annex 10 Vol.I



	
	
	
	
	
	
	
	
	

	
	
	Pulse pair Count - TACAN transponder
	TACAN

(150 pp / (30 pp/s 


A/A-TACAN
6300 p/s (6 acft)

(1050 pp/s

Note: Transponder PAM only if specialized TACAN antenna is installed


	
	
	
	
	
	
	
	
	

	2018125
	
	pulse pair reference point
	Can be referenced either to the 50 % amplitude of a pulse rise time of the first or the second pulse of a pulse pair
	
	
	
	
	
	
	
	
	

	2017c
	
	Pulse pair separation
	Interrogator

x
y
w
z
A/A-x
A/A-y



12 µs
36 µs


12 µs
24 µs

DME-P 

-IA

12 µs 
36 µs
24 µs
21 µs


-FA

18µ
42 µs
30 µs
27 µs

transponder 




12 µs 
30 µs
24 µs
15 µs       singe pulse singe pulse

Note: Values without allowable tolerances in pulse pair separation
	
	
	
	
	
	
	
	
	

	2018125
	
	Receiver Selectivity 
	Receiver selectivity: is defined/measured as the necessary increase in signal strength above the MDS level for the signal the receiver detector is built for, when the signal moved in frequency away from the nominal center frequency, above and below the center frequency, to achieve the defined MDS/RE detection see figure below

Receiver selectivity: defines the suppression in dB for a frequency offset of a standard signal, above and below, the nominal center frequency 
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Figure 2: Principle of Receiver Selectivity measurement as defined in MOPS
	x
	x
	x
	x
	x
	x
	
	
	

	2018125
	
	Receiver Sensitivity Interrogator 
	Receiver sensitivity is the minimum signal strength of reply pulse pairs that can be processed by a transponder receiver to detect the Slant Range Distance to a DME/TACAN transponder.

While ICAO requires interrogator receiver to provide detection of the min. signal strength defined for the edge of a DOC,  typical Receiver Sensitivities provided by manufacturer are much higher. 

Typical values provided in many data sheets are -92 dB, while -103 dBm is a measured Interrogator  Receiver Sensitivity value.
	
	
	
	
	
	
	
	
	

	2018125
	
	Receiver Sensitivity Transponder
	Receiver sensitivity is the minimum signal strength of interrogation pulse pairs that can be processed by a transponder receiver.

The Receiver Sensitivity depends on the measurement conditions, required Reply Efficiency and interrogations that need to be processed. The worst case requirements are defined by ICAO under the conditions applicable for 70 % (see) Reply Efficiency.  

The Receiver Sensitivity increases when the require Reply Efficiency and number of interrogations are below the conditions specified for 70 % Reply Efficiency by ICAO. see Receiver Sensitivity vs. Reply efficiency and Interrogation Rate

The max. Receiver Sensitivity is about -117 dBm [TO FRN-45-TM-31R4-2FRN45-2-33GE-1], while Receiver Sensitivity of -97 dBm  @70 % RE was measured Receiver Sensitivity value. 

Note: While the Receiver Sensitivity is in most designs adjustable, at many DME/TACAN are running at the max. Receiver Sensitivity. A reduction in Receiver Sensitivity occurs only if the DME/TACAN beacon receive more interrogations than defined. Most DME/TACAN transponder can, depending on settings, provide service to a max. of 100 or 200 aircraft.
	x
	x
	
	
	
	
	
	
	

	2017c
	
	Receiver Sensitivity vs. Reply Efficiency
	Receiver sensitivity is the ICAO definition of the percentage of processed Valid replies receive a reply by a transponder under full load of up to 100 or 200 aircraft as selected.

Note the Pulse Pair count per second is by ICAO definition for valid pulse code a max. of 3600 pp/s per 100 aircraft (7200 pp/s for 200 aircraft). 

If reply efficiency is measured , and is defined 

measured at DME at a by ICAO defined Reply efficiency of 70%, defining that 70 % of received DME/N, DME/P and TACAN interrogations received in a second receive reply pulse Reply efficiency
	
	
	
	
	
	
	
	
	

	2018125
	
	Receiver Sensitivity vs. Reply efficiency and Interrogation Rate
	Receiver sensitivity is the ICAO definition of the percentage of processed valid interrogations that initiate a reply pulse pair transmission by a transponder under full load of up to 100 (200) aircraft as specified by ICAO. For definition see Reply Efficiency.
, as shown in the figure below.

load of up to 100 (200) aircraft as specified by ICAO. For definition see Reply Efficiency.
The Receiver Sensitivity depends on the measurement conditions, required Reply Efficiency and interrogations that need to be processed.  The Receiver Sensitivity increases when Reply Efficiency and number of interrogations are reduced below the conditions specified for 70 % Reply Efficiency by ICAO.

The max. Receiver Sensitivity is about -117 dBm [TO FRN-45-TM-31R4-2FRN45-2-33GE-1], while Receiver Sensitivity of -97 dBm  @70 % RE was measured Receiver Sensitivity value. 

Note: While the Receiver Sensitivity is in most designs adjustable, at many DME/TACAN are running at the max. Receiver Sensitivity. A reduction in Receiver Sensitivity occurs only if the DME/TACAN beacon receive more interrogations than defined. Most DME/TACAN transponder can, depending on settings, provide service to a max. of 100 or 200 aircraft.
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Figure 3: Variation of Receiver Sensitivity vs. Reply efficiency and Interrogation Rate
	
	
	
	
	
	
	
	
	

	2018125
	
	Recovery time 
	A recovery time follows a dead time and describes the time needed by an receiver to achieve full sensitivity.
	x
	x
	x
	x
	x
	x
	
	x
	

	2017c
	RPG
	Reference Pulse Groups
	To allow decoding of the Pulse Amplitude Modulation across all transmitted pulses additional  Reference Pulse Groups (RPG), one when the pattern passes magnetic north and additional auxiliary RPG, are transmitted by a TACAN. The Azimuth information is referenced to magnetic north, and contained in a 15 Hz and 135 Hz PAM modulated via a mechanically/electronically-steered rotating TACAN antenna pattern across all transmitted pulses by a TACAN transponder. Via the additional the PAM can be detected 
	
	x
	
	
	
	
	
	
	

	2017c
	
	Reply Efficiency
	Rate of replies transmitted for valid DME/N, TACAN and DME/P-IA, -FA interrogations received to replies by DME-/TACAN-transponder defined in percent/s. The RE differ for DME/N (TACAN) and DME/P.

1.  Number of desired interrogations  (used  to determine beacon reply efficiency). 

2.  Number of valid replies (used  to determine beacon reply efficiency). 

Note: all pulse code interrogations, independent of pulse code used (x-, -y-, w-, -, A/A-x, A/A-y-pc) are transmitted on the same center-frequency/channel. If operated within RLOS of the receiver additional increase in pulse count will occur if replies of 

±63 MHz removed y-, z-, A/A-x (TACAN) and A/A-y- (TACAN) pulse-codes are received.
	
	
	
	
	
	
	
	
	

	2018125
	
	Reply Efficiency definitions
	ICAO definition that 70 % of all aircraft receive a reply to their interrogation, for the two cases 

For the case of interrogation by 



100 acft.

200 acft. this corresponds to

95 % of all aircraft are in track mode with ≤30 pp/s, while the remaining 
2850 pp/s

5700 pp/s


  5 % of all aircraft are in search mode with ≤150 pp/s

1500 pp/s

3000 pp/s






4350 pp/s

8700 pp/s

70% Reply Efficiency corresponds therefore replies/ interrogation

3045 pp/s

6090 pp/s

Notes:

- ICAO does not specify cases when aircraft have more than one DME/N, DME/P or TACAN interrogator in operation or requirement under heavy load. 

- For 70 % Reply Efficiency 3375 pp/s without Identification [AC-00-31A]
- In presence of Echoes or load increase a min. of 50 % Reply Efficiency[AC-00-31A]

	x
	x
	
	
	
	
	
	
	

	2018125
	
	RF Receiver Selectivity Frontend
	The initial system design did not foresee the need for RF-selectivity than that provided by LC-Filter coupling the receivers Intermediate Frequency (IF) Amplifier stages at 63 MHz of about 22 dB and suppression of ±63 MHz removed frequencies by 60 dB. Suppression of DME Pulses in the adjacent channel was achieved by a dedicated McKinley/Ferris Discriminator, which provided a overall suppression of signals in adjacent channel by about 80 dB.

The initial frontend was a Diplexer for the 63 MHz removed transmit and receive frequency, with one cavity fro the receiver and diode for mixing the input frequency to a first Intermediate Frequency (IF) of 63 MHz.

Later designs may employ preselector, which can provide a RF Receiver Selectivity in the frontend of about 12 MHz @-3 dB [image: image5.png]



Figure 4: Typical preselector curve for transponder[DC-470]
	
	
	
	
	
	
	
	
	

	2018125
	
	RF Receiver selectivity Frontend
	The initial system design did not foresee the need for RF-selectivity than that provided by LC-Filter coupling the receivers Intermediate Frequency (IF) Amplifier stages at 63 MHz of about 22 dB and suppression of ±63 MHz removed frequencies by 60 dB. Suppression of DME Pulses in the adjacent channel was achieved by a dedicated McKinley/Ferris Discriminator, which provided a overall suppression of signals in adjacent channel by about 80 dB.
	
	
	
	
	
	
	
	
	

	2018125
	SDES
	Short Distance Echo Suppression
	Circuit designed to prevent interference in transponder to echoes received between pulses of valid interrogation pulse pair.
	x
	x
	
	
	
	
	
	
	

	
	
	Transmission Line Loss interrogator
	While a worst case Transmission Line Loss for interrogator of 3 dB is postulated in most reference documents, a value of ≥-1 dB is more accurate to account for small airframes.
	
	
	
	
	
	
	
	
	

	2018125
	
	Transmission Line Loss transponder
	While a worst case Transmission Line Loss for transponder of 3 dB is postulated in most reference documents, a value of ≥-1 dB is more accurate to account locations when the antenn is directly above the transponder, e.g. portable shelter.
	
	
	
	
	
	
	
	
	

	
	
	Transponder capacity 
	The number of airborne interrogator designated to be serviced under the interrogation load defined by ICAO by a ground transponder.
	x
	x
	
	
	
	
	
	
	


Function of DME/TACAN and Interference on Aircraft interrogation and/or reply link


Figure 5: Slant Range Distance detection process interrogator and impact of interferece
Slant Range Distance detection process interrogator
· An aircraft DME/TACAN shows when unlocked and not in search mode, the flag identifying the DME/TACAN interrogator is not locked onto a DME/TACAN ground station.

· Upon reception of  squitter pulses from a ground based DME/TACAN transponder aircraft interrogator will switch from passive standby into the search mode. It transmits up to 150 interrogation pp/s (Note: some interrogator designs continuously transmit interrogations after switch on). 

· When a lock-on to a DME/TACAN transponder is achieved the DME/TACAN interrogator will remove the Flag and provide the distance and once established speed, while TACAN interrogator will display also the Bearing between the aircraft to/from a TACAN-transponder. The interrogator will switch into track mode, and reduce the interrogations to a max. of 30 pp/s. Scanning DME/TACAN interrogator and those capable to function with precision DME/TACAN transponder will be discussed separately.

· Upon interference 
- of the interrogation pulse pair at the DME/TACAN transponder receiver or
- the transponder reply pulse pair at the DME/TACAN interrogator receiver
the interrogator will change into memory mode. During memory mode the DME/TACAN interrogator will use the lat established distance/speed and continue to display it for up to a max. of 15 ±2s  

· After the memory time has ended DME/TACAN interrogator will raise the Flag again identifying the DME/TACAN interrogator is not locked onto a DME/TACAN ground station.
If the interference was on the 
- interrogation pulse pair at the DME/TACAN transponder receiver, the DME/TACAN interrogator will still receive the squitter from the DME/TACAN transponder and continuous interrogation 
- transponder reply pulse pairs then the DME/TACAN interrogator receiver will cease to interrogate and switch into passive mode 
Identification and Interference on Identification

Once a lock-on has been achieved any Id pulse groups transmitted will be converted into audible 1350 Hz ID-Tones in Morse Code, and additionally provided as data word via an ARINC on board bus. 
While Slant Range Distance may be detecable uninterfered, interference can make the Morse Code Id unreadable and/or interfere the digital ID Interference 

Bearing information (in PAM and RPG) and Interference on Bearing information (in PAM and RPG)
Once a lock-on has been achieved any Id pulse groups transmitted will be converted into audible 1350 Hz ID-Tones in Morse Code, and additionally provided as data word via an ARINC on board bus. 

Table 1: Table to relevant reference documents for systems operating the band 960 to 1215 MHz
	
	_abrv
	_
	_f [MHz]
	
	_ETSO
	_TSO
	_FAA
	_RTCA
	_EUROCAE
	_ARINC
	_ICAO
	_ICAO-Docs
	_mil-std
	_STANAG

	2018114
	
	Passive Global Navigation Satellite

System (GNSS) Antenna 
	
	
	ETSO-C144
	TSO-C144a
	
	DO-228
	
	
	
	
	
	

	2018114
	ACAS (TCAS II)
	Collision Avoidance System (Traffic Collision Avoidance System II)


	1030
	1090
	ETSO-C119c
	TSO-C119c
	
	DO-185 to B,

 DO-300
	ED-143 to 3

ED-221
	ARINC-735 to A
	
	Doc. 9863
	
	

	2018114
	ADSB
	(Extended Squitter) Automatic Dependent Surveillance - Broadcast (ADS-B) and Traffic Information
	1090
	
	
	TSO-166C
	
	DO-260

to B
	ED-102

ED-129
	
	A-10 to -IV,

Doc-9684

Doc-9688

Doc-9871

Doc-9924
	
	
	

	2018114
	ADSB
	Automatic Dependent Surveillance – Broadcast (ADS-B) Aircraft Surveillance Applications (ASA)
	
	
	
	TSO-C195
	
	
	
	
	
	
	
	

	2018114
	ADSB-Out
	
	
	
	
	
	AC-20-165B
	
	
	
	
	
	
	

	2018114
	ATCRBS
	see SSR
	
	
	
	
	
	
	
	
	
	
	
	

	2018114
	ATCRBS/M.S
	see M.S
	
	
	
	
	
	
	
	718B
	
	
	
	

	2018114
	
	Transponder Air Traffic Control Radar Beacon System (ATCRBS)/Mode S Transponder
	1030
	1090
	ETSO-2C112b
	TSO-C112c
	
	DO-181D
	ED-73B
	
	
	
	
	

	2018114
	
	Mode A/C Transponder Equipment with Extended Squitter Automatic Dependent Surveillance – Broadcast (ADS-B) Transmission Capability
	
	
	
	
	
	DO-260B
	
	
	
	
	
	

	2018114
	CPME
	
	
	
	
	
	
	
	
	
	
	
	
	

	2018114
	DABS
	see M.S
	
	
	
	
	
	
	
	
	
	
	
	

	2018114
	DME/N
	Distance Measuring Equipment /Narrow (DME/N)
	962
	1213
	ETSO-2C66b
	TSO-66C
	AC-00-31A, TSO-C66A
	DO-99, 

DO-141, 

DO-151

DO-189
	ED-31,

ED-54,
	521 to c,

709-8
	A.10-I;

A.10-V,

Doc-8071 to I

Doc-9613
	
	
	

	
	DME/N ground
	Distance Measuring Equipment /Narrow (DME/N)
	
	
	
	FAA-9840
	
	
	ED-57
	
	A.10-I;

A.10-V,

Doc-8071 to I

Doc-9613
	
	
	

	
	DME/P
	Distance Measuring Equipment /Pression incl. Narrow (DME/P)
	
	
	
	
	
	
	
	709A
	A.10-I;

A.10-V,

Doc-8071 to I

Doc-8071-II draft

Doc-9613
	
	
	

	
	DME/P ground
	Distance Measuring Equipment /Pression incl. Narrow (DME/P)
	
	
	
	
	
	
	ED-57
	
	A.10-I;

A.10-V,

Doc-8071 to I

Doc-9613
	
	
	

	2018114
	FIS-B
	Flight Information Services -Broadcast(FIS-B) Data Link Systems and Equipment
	
	
	
	TSO-C157
	
	DO-267A
	
	
	
	
	
	

	2018114
	GPS
	GPS: Stand-Alone Navigation Equipment Using the Global Positioning System Augmented by the Satellite Based Augmentation System


	
	
	ETSO-C146
	TSO-C146c
	
	DO-229D
	
	
	
	
	
	

	2018114
	GPS
	GPS: Supplemental Navigation Equipment Using Global Positioning System (GPS)
	
	
	ETSO-C129a
	TSO-C129a
	
	DO-208
	
	
	
	
	
	

	2018114
	GPS
	GPS: Supplemental Navigation Sensors for Global Positioning System Equipment Using Aircraft-Based Augmentation
	
	
	
	TSO-C196
	
	DO-316
	
	
	
	
	
	

	2018114
	GRAS
	Ground-Based Regional Augmentation System using GNSS
	
	
	
	
	
	DO-310
	
	
	
	
	
	

	2018116
	IFF
	
	
	
	
	
	
	
	
	
	
	
	AIMS-Prg-office
	STANAG-4193

	2018114
	LAST
	Light Aviation Secondary Surveillance Transponder 
	
	
	ETSO-2C509
	
	
	
	ED-115
	
	
	
	
	

	2018114
	M.S
	Mode S Aircraft Data Link Processor 
	
	
	ETSO-2C501
	
	
	
	ED-82A
	
	
	
	
	

	2018114
	MLAT
	Multi Lateration 
	
	
	
	
	
	
	ED-117

ED-129 
to B
	
	
	
	
	

	2018114
	MLS
	Microwave Landing System (MLS)Converter Equipment Interim Standard 
	5000 
	5090
	ETSO-2C93b
	TSO-C93
	
	
	ED-36A
	
	
	
	
	

	2018114
	MLS
	Microwave Landing System (MLS) Receiving Equipment 
	5000 
	5090
	ETSO-2C104a
	TSO-C104
	
	DO-177 Change 1
	ED-36A
	
	A.10-I
	Doc-8071-III Draft
	
	

	2018114
	SSR (ATCRBS)
	(Transponder) Air Traffic Control Radar Beacon System Mode A/C


	1030
	1090
	ETSO-C74d
	TSO-C74d
	
	DO-144 to A, DO-317
	ED-43

ED-73
	ARINC-532 to D

ARINC-718 to -b
	A-10 to -IV,

Doc-9684

Doc-9924
	
	
	

	2018116
	Mode S
	
	
	
	
	
	
	DO-181E
	
	
	A-10 to -IV,

Doc-9684

Doc-9688

Doc-9871

Doc-9924
	
	
	

	2018114
	TACAN
	
	962
	1213
	
	
	AC-00-31A, TSO-C66A
	
	
	
	A.10-I
	Doc-8071
	mil-std291 current -c
	-5034

	2018114
	TCAS I
	Traffic Alert and Collision Avoidance I (TCAS-I)


	
	
	ETSO-C118
	TSO-C118
	
	DO-197
	
	
	
	
	
	

	2018114
	TCAS II see ACAS
	
	
	
	
	
	
	
	
	
	
	
	
	

	2018114
	UAT
	Universal Access Transceiver (UAT) Automatic Dependent Surveillance – Broadcast.
	978
	
	ETSO-C154c
	TSO-C154C
	
	DO-282 to B
	
	
	Doc-9681
	
	
	

	2018114
	WAAS
	Wide Area Augmentation System (WAAS), GNSS augumented  NAV Sensors
	
	
	ETSO-C145
	TSO-C145c
	
	DO-229D
	
	
	
	
	
	


Table 2: Listing of relevant reference documents 

	_date
	_Reference
	_Refernce, Titel
	DME
	TAC
	SSR
	M.S
	ADSB
	ACAS
	WAM
	IFF
	UAT

	2018114
	
	TSO C-154c and TSO C-166B
	
	
	
	
	
	
	
	
	

	2018116
	[ARINC-521B]
	ARINC Characteristic NO. 521B, Airborne Distance Measuring Equipment TACAN (DMET),  1957 Mar. 25
	x
	x
	
	
	
	
	
	
	

	2018116
	[ARINC-521C]
	ARINC Characteristic NO. 521B, Airborne Distance Measuring Equipment (DME), 1962 Jun. 28
	x
	x
	
	
	
	
	
	
	

	2018116
	[ARINC-532]
	ARINC- Characteristic 532, Air Traffic Control Transponder, 1955 ; 532B 1957; 532-C 1965-1-01,  532D 1962.3.01, 532-D incl. suppl. 1 –5, Air Traffic Control Transponder, 1965101
	
	
	x
	
	
	
	
	
	

	2018116
	[ARINC-709-1]
	ARINC Characteristic-709-1 Mark 5 Airborne Distance Measuring Equipment, 1979-Mar-23, ARINC Characteristic 709A 1987Oct01 & Revision; 1994Aug17
	x
	
	
	
	
	
	
	
	

	2018116
	[ARINC-718]
	ARINC Characteristic 718-4, Mark 3 Air traffic Control Transponder (ATCRBS/Mode S), ARINC Characteristic 718-4, 1989c15, ARINC Characteristic 718B
	
	
	x
	x
	
	
	
	
	

	2018116
	[ARINC-735]
	ARINC Characteristic 735, Traffic Alert and Collision Avoidance System (TCAS), 1989309, ARINC 735A
	
	
	
	
	
	x
	
	
	

	2018112
	[AC-00-31A]
	Advisory circular 00-31A, Aviation Standard for the Very High Frequency Omnidirectional Radio Range  (VOR) / Distance Measuring Equipment (DME) Tactical Air Naviagtion (TACAN), DOD-FAA, 1982.9.20
	x
	x
	
	
	
	
	
	
	

	2018114
	[AC-120-55C]
	Advisory circular 120-55C, Air Carrier Operational Approval and Use of  TCAS II, FAA, 
	
	
	
	
	
	x
	
	
	

	2018114
	[AC-20-131]
	Advisory circular 20-131, Airworthiness Approval of Traffic Alert and Collision Avoidance System (TCAS II) and Mode S Transponders, Faa, 
	
	
	
	
	
	
	
	
	

	2018114
	[AC-20-138C]
	Advisory circular 20-138C, Airworthiness Approval  of Positioning and  Navigation Systems, FAA
	
	
	
	
	
	
	
	
	

	2018114
	[AC-20-165B]
	Advisory circular 20-165B, Airworthiness Approval of Automatic  Dependent Surveillance–Broadcast (ADS–B), FAA,
	
	
	
	
	x
	
	
	
	

	2018114
	[AC-20-172A]
	Advisory circular 20-172A, Airworthiness Approval for ADS–B  in Systems and Applications, FAA
	
	
	
	
	x
	
	
	
	

	2018114
	[AC-90-114 chg.1]
	Advisory circular 90-114 change 1, Automatic Dependent Surveillance– Broadcast (ADS–B) Operations, FAA
	
	
	
	
	x
	
	
	
	

	2018123
	[ARINC 572]
	ARINC 572-1, MARK 2 AIR TRAFFIC CONTROL TRANSPONDER
	
	
	x
	
	
	
	
	
	

	2018110
	[ARINC-532]
	Air Traffic Control Transponder, 1962.3.01
	
	
	x
	
	
	
	
	
	

	2018116
	[ARINC-709]
	ARINC-709A, Airborne distance measuring equipment, ARINC, 
	x
	
	
	
	
	
	
	
	

	2018116
	[ARINC-709]
	ARINC-709, Precision Airborne distance measuring equipment (DME/P), ARINC, 
	x
	
	
	
	
	
	
	
	

	2018110
	[ARINC-718]
	Mark 3 Air Traffic Control transponder (ATCRBS/DABS),1981.b.10
	
	
	x
	x
	
	
	
	
	

	2018114
	[ARINC-718]
	ARINC Characteristic 718B, Mark 2 Air Traffic Control Transponder (ATCRBS/ Mode S), AEEC/ARINC
	
	
	x
	x
	
	
	
	
	

	2018114
	[ARINC-735]
	ARINC Characteristic 735A, Traffic Alert and Collision Avoidance System (TCAS II), AEEC/ARINC
	
	
	
	
	
	x
	
	
	

	2018125
	[DO-140]
	DO-140MINIMUM OPERATIONAL CHARACTERISTICS AIRBORNE AREA NAVIGATION SYSTEMS
	
	
	
	
	
	
	
	
	

	2018110
	[DO-141]
	DO-141, Minimum Operational Characteristics for Airborne DME Systems, RTCA, 1969.8.14
	x
	
	
	
	
	
	
	
	

	2018110
	[DO-144]
	DO-144 Minimum Operational Characteristics for Airborne ATC Transponder , 1970.3.12
	
	
	x
	
	
	
	
	
	

	2018110
	[DO-151#]
	DO-151#, MOPS for Airborne Distance Measurinq Equipment (DME) operating within RF Range of 960-1215 MHz, RTCA, DO-151 1978.11, DO-151A 1978.11
	x
	
	
	
	
	
	
	
	

	2018123
	[DO-181#]
	DO-181#, Air Traffic Control Radar Beacon System/Mode Select (ATCRBS/Mode S) Airborne Equipment, RTCA, DO-181 , DO-181A 1992.1, DO-181 , DO-181 , DO-181 , DO-181E 2011.3.17
	
	
	x
	x
	
	
	
	
	

	2018114
	[DO-182C1]
	MOPS FOR UNIVERSAL ACCESS TRANSCEIVER (UAT) AUTOMATIC DEPENDENT SURVEILLANCE – BROADCAST, RTCA, DO-182C1 2009c02, DO-182C1 2006c13, 
	
	
	
	
	x
	
	
	
	

	2018114
	[DO-185#-I]

[DO-185#-II]
	DO-185#, MOPS for Traffic Alert and Collision Avoidance System (TCAS II) Airborne Equipment, RTCA, DO-185 1983.9, DO-185A , DO-185B
	
	
	
	
	
	x
	
	
	

	2018123
	[DO-189]
	DO-189, MOPS for Airborne Distance Measurinq Equipment (DME) operating within RF Range of 960-1215 MHz, RTCA, 1985.9
	x
	
	
	
	
	
	
	
	

	2018114
	[DO-197A]
	DO-197A, MOPS Standards for an Active Traffic Alert and Collision Avoidance System (Active TCAS I), RTCA
	
	
	
	
	
	x
	
	
	

	2018114
	[DO-260]
	DO-260B, MOPS for 1090 MHz Automatic Dependent Surveillance– Broadcast (ADS–B), RTCA
	
	
	
	
	x
	
	
	
	

	2018114
	[DO-260]
	DO-260, MOPS FOR 1090 MHZ EXTENDED SQUATTER AUTOMATIC DEPENDENT SURVEILLANCE – BROADCAST (ADS-B) AND TRAFFIC INFORMATION SERVICES – BROADCAST (TIS-B), DO-260C2 2009-12-02, DO-260C1 2006-12-13, DO-260B 2009c02, DO-260A 
	
	
	
	
	x
	
	
	
	

	2018114
	[DO-282]
	DO-282B, MOPS for Universal Access Transceiver (UAT) Automatic Dependent Surveillance–Broadcast (ADS–B), RTCA,
	
	
	
	
	
	
	
	
	x

	2018114
	[DO-300]
	DO-300, MOPS for Traffic Alert and Collision Avoidance System (TCAS II) For TCAS II Hybrid Surveillance, RTCA,
	
	
	
	
	
	x
	
	
	

	2018114
	[DO-362]
	DO-362, Command and Control (C2) Data Link, RTCA (MOPS) (Terrestrial),
	
	
	
	
	
	
	
	
	

	2017117
	[DO-99]
	DO-99, MOPS airborne Distance Measuring Equipment (DMET) operating within the Radio frequency range of 960 to 1215 Megacycles, RTCA, 1959.9.08
	x
	x
	
	
	
	
	
	
	

	2014114
	[Doc-8400]
	Doc-8400, ICAO ABBREVIATIONS AND CODES, ICAO, 2016.1.01
	
	
	
	
	
	
	
	
	

	2014114
	[Doc-9688]
	Doc 9688, Manual on Mode S Specific Services, ICAO, 2004.1.04
	
	
	
	
	
	
	
	
	

	2014114
	[Doc-9718]
	Doc-9718, Handbook on Radio Frequency Spectrum Requirements for Civil Aviation , ICAO, 5ed 2010,
	
	
	
	
	
	
	
	
	

	2018109
	[Doc-9718-I-1ed]
	DOC-9718, AN/957_Handbook on Radio Frequency Spectrum Requirements for Civil Aviation, Vol.I ICAO spectrum strategy, policy statements and related information, ICAO, 1.ed, 2014, 
	
	
	
	
	
	
	
	
	

	2014114
	[Doc-9861]
	Doc-9861, MANUAL ON THE UNIVERSAL ACCESS TRANSCEIVER (UAT), ICAO, 2012.1.01
	
	
	
	
	
	
	
	
	x

	2014114
	[Doc-9863]
	Doc-9863, Airborne Collision Avoidance System II (ACAS II) Manual, ICAO, 2012.c.01
	
	
	
	
	
	x
	
	
	

	2018114
	[Doc-9871]
	Doc-9871, TECHNICAL PROVISIONS FOR MODE S SERVICES AND EXTENDED SQUITTER, 2012.1.01
	
	
	x
	x
	
	
	
	
	

	2018114
	[Doc-9994]
	Doc-9994, Technical provisions for Mode S Services and extended Squitter, ICAO
	
	
	x
	x
	
	
	
	
	

	2018123
	[ED-101]
	ED-101, MOPS for Mode S Specific Service Application, EUROCAE, 2000.8
	
	
	x
	x
	
	
	
	
	

	2018114
	[ED-102]
	ED-102, MOPS FOR 1090 MHZ EXTENDED SQUITTER AUTOMATIC DEPENDENT SURVEILLANCE – BROADCAST (ADS-B) AND TRAFFIC INFORMATION SERVICES – BROADCAST (TIS-B), EUROCAE, 2012.1.01
	
	
	
	
	x
	
	
	
	

	2018123
	[ED-115]
	ED-115, MOPS for Light Aviation Secondary Seurveillance Radar Transponder, EUROCAE, 2002.8
	
	
	x
	x
	
	
	
	
	

	2018114
	[ED-129]
	ED-129A, TECHNICAL SPECIFICATION FOR A 1090 MHZ EXTENDED SQUITTER ADS-B GROUND SYSTEM, EUROCAE, 2016.3.01
	
	
	
	
	x
	
	
	
	

	
	[ED-142]
	ED-142, TECHNICAL SPECIFICATION FOR WIDE AREA MULTILATERATION (WAM) SYSTEMS
	
	
	
	
	
	
	x
	
	

	2018114
	[ED-194]
	ED-194, MOPS FOR AIRCRAFT SURVEILLANCE APPLICATIONS (ASA) SYSTEM, EUROCAE, 20 14.6.01
	
	
	
	
	
	
	
	
	

	2018116
	[ED-43]
	ED 43, MOPR FOR THE SSR TRANSPONDER AND THE ALTITUDE MEASUREMENT AND CODING SYSTEMS, 1983.a.01
	
	
	
	
	
	
	
	
	

	2018116
	[ED-54]
	ED-54, MOPS Precision Airborne distance measuring equipment (DME/P), EUROCAE
	x
	
	
	
	
	
	
	
	

	2018116
	[ED-57]
	ED-57, MOPS for DME ground equipment, EUROCAE, 1986.12
	x
	
	
	
	
	
	
	
	

	2018123
	[ED-73]
	ED-73E, MOPS for Secondary Surveillance Radar Mode S Transponders, ED-73 , ED-73A , ED-73B 2003.1, ED-73C 2008, ED-73D , ED-73E 
	
	
	x
	x
	
	
	
	
	

	2018116
	[ED-86]
	ED 86, EQUPMENT CHARACTERISTIC FOR MODE S TRANSPONDERS WITH EXTENDED INTERFACE FUNCTIONS (MARK 4 TRANSPONDER)
	
	
	x
	x
	
	
	
	
	

	
	[FO 8200.45]
	AUTOMATIC DEPENDENT SURVEILLANCE-BROADCAST (ADS-B) FLIGHT INSPECTION, FAA, 2014-10-19
	
	
	
	
	x
	
	
	
	

	2018123
	[Order 9840.1]
	Order 9840.1, US National Standard for the VOR/DME/TACAN Systems, FAA, 1982.9.02
	x
	x
	
	
	
	
	
	
	

	2018112
	[Order-6820.10]
	Order 6820.10 VOR,VOR/DME, and VORTAC siting criteria, DOT-FAA, 1986.4.17
	x
	x
	
	
	
	
	
	
	

	2018123
	[TDR-408]
	Technical Development Report No. 408, Studies of TACAN Monitor Antenna Loactions, Jack.F. DeMoss, Albert W. Randall, FAA National Aviation Facilities Experimental Center, 1959.5
	
	x
	
	
	
	
	
	
	

	2018114
	[TSO-C-118]
	TSO-C-118, Technical Standard Order C-118, Traffic Alert and Collision Avoidance System (TCAS I) Airborne Equipment, FAA
	
	
	
	
	
	
	
	
	

	2018114
	[TSO-C-119c]
	TSO-C-119c, Traffic Alert and Collision Avoidance  System (TCAS) Airborne Equipment, FAA, 
	
	
	
	
	
	x
	
	
	

	2018125
	[TSO-C166]
	Technical Standard Order  C166, Extended Squitter Automatic Dependent Surveillance - Broadcast (ADS-B) and Traffic Information Service - Broadcast (TIS-B) Equipment Operating on the Radio Frequency of 1090 Megahertz  (MHz)
	
	
	
	
	x
	
	
	
	

	2018114
	[TSO-C195a]
	TSO-C195a, Avionics Supporting Automatic Dependent Surveillance–Broadcast (ADS–B) Aircraft Surveillance Applications, FAA, 
	
	
	
	
	x
	
	
	
	

	2018111
	[TSO-C66A]
	TECHNICAL STANDARD ORDER, Federal Aviation Regulations Part 37, AIRBORNE DISTANCE MEASURING EQUIPMENT (Air Carrier Aircraft), MINIMUM PERFORMANCE STANDARDS FOR AIRBORNE DISTANCE MEASURING EQUIPMENT OPERATING WITHIN THE RADIO-FREQUENCY RANGE OF 960-1215 MEGACYCLES, 1965.2.15, 
	x
	
	
	
	
	
	
	
	


Note: References listed only once, with reference to available editions, versions, ammendments and revisions, unless the titel has changed
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