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1.0
BACKGROUND

The Federal Aviation Administration (FAA) is undertaking an initiative to procure commercial Low Power Distance Measuring Equipment (LPDME) transponders for deployment in the United States National Airspace System (NAS).  This document has been developed specifically to support this procurement effort.  It provides minimum performance requirements and a standardized methodology for assessing equipment performance against the minimum requirements.  Once established through testing, the baseline equipment performance can be used to assess any improvements or change in performance due to subsequent equipment modifications.

The minimum performance requirements specified herein are derived from requirements contained in Section 3.5, Specification for UHF Distance Measuring Equipment (DME), of ICAO Annex 10.  There are four notable exceptions, which are summarized below.

Aircraft Handling Capacity: Typically the transponder has been required to service a minimum of 100 aircraft while maintaining a reply efficiency of at least 70% provided the average interrogation rate for each interrogator does not exceed 30 interrogations per second.  In this case, each aircraft was assumed to have a single interrogator, thus the number of aircraft equals the number of interrogators.  Since the number of interrogators each aircraft is assumed to have can cause confusion regarding the interpretation of the capacity handling requirement, this requirement now is specified directly in terms of the number of interrogators to be serviced.  The 100 interrogators, at a 70% reply efficiency, at 30 interrogations per second capacity handling requirement shall be the minimum criteria.

95% Accuracy Performance Requirement: The accuracy performance requirements contained herein are to be met on a 95% probability basis.  Specifically, this requirement must be satisfied for any 40-second evaluation interval.  This provision provides a more operationally meaningful assessment of the accuracy data collected during the stability test.

Remote Maintenance and Monitoring Capabilities: These requirements exceed the minimum requirements contained in Annex 10 and are based on FAA maintenance requirements.

CW and Echo Suppression: Compared to the requirement stated in Annex 10, CW and echo suppression requirements have been expanded to address requirements for both short delay time and long delay time echo suppression. 

2.0
APPLICABLE DOCUMENTS AND REFERENCES

[1]
International Standards, Recommended Practices and Procedures for Air Navigation Services, Aeronautical Telecommunications, Annex 10 to the Convention on International Civil Aviation, Fourth Addition of Volume I, July 1996.

[2]
Minimum Performance Specification for Distance Measuring Equipment (DME/N and DME/P), The European Organization for Civil Aviation Electronics, ED-57, December 1986.

[3]
Minimum Operational Performance Standards for Airborne Distance Measuring Equipment (DME) Operation within the Radio Frequency Range of 960 – 1215 Megahertz, Radio Technical Commission for Aeronautics (Now, Requirements and Concepts for Aviation), Document No. RTCA/DO-189, September 1985.

[4]
Spectrum Management Regulations and Procedures Manual, Order 6050.32, Federal Aviation Administration, Washington DC, 1987.

[5]
MIL-HDBK-217, Revision F, Notice 2, February 1995.

3.0
PERFORMANCE REQUIRMENTS  

The requirements within this section apply to the LPDME.

Definitions

Control motion noise (CMN). That portion of the guidance signal error which causes control surface, wheel and column motion and could affect aircraft attitude angle during coupled flight, but does not cause aircraft displacement from the desired course and/or glide path. (See 3.11, ICAO Annex 10, Part I)

DME dead time. A period immediately following the decoding of a valid interrogation during which a received interrogation will not cause a reply to be generated.

Note.— Dead time is intended to prevent the transponder from replying to echoes resulting from multipath effects.

DME/N. Distance measuring equipment, primarily serving operational needs of en-route or TMA navigation, where the “N” stands for narrow spectrum characteristics (to be distinguished from “W”).

DME/P. The distance measuring element of the MLS, where the “P” stands for precise distance measurement. The spectrum characteristics are those of DME/N.

DME/W. Distance measuring equipment, primarily serving


the operational needs of en-route or TMA navigation, where the “W” stands for wide spectrum characteristics (to be distinguished from “N”).

Equivalent Isotropically Radiated Power (EIRP). The product of the power supplied to the antenna and the antenna gain in a given direction relative to an isotropic antenna (absolute or isotropic gain).

Key down time. The time during which a dot or dash of a Morse character is being transmitted.

Mode W, X, Y, Z. A method of coding the DME transmissions by time spacing pulses of a pulse pair, so that each frequency can be used more than once.
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Figure 1.  DME Pulse Envelope

Partial Rise Time. The time as measured between the 5 and 30 % amplitude points on the leading edge of the pulse envelope, (i.e. between points h and i on Figure 1 and Figure 2).

Path Following Error (PFE). That portion of the guidance signal error which could cause aircraft displacement from the desired course and/or glide path. (See 3.11, ICAO Annex 10, Part I).

Pulse Amplitude. The maximum voltage of the pulse envelope, i.e. A in Figure 1.

Pulse Decay Time. The time as measured between the 90 and 10 % amplitude points on the trailing edge of the pulse envelope, i.e. between points e and g on Figure 1.

Pulse Code. The method of differentiating between W, X, Y, and Z modes and between FA and IA modes.
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Figure 2.  DME  Virtual Origin

Pulse Duration. The time interval between the 50 % amplitude point on leading and trailing edges of the pulse envelope, i.e. between points b and f on Figure 1.

Pulse Rise Time. The time as measured between the 10 and 90 % amplitude points on the leading edge of the pulse envelope, i.e. between points a and c on Figure 1.

Reply Efficiency. The ratio of replies transmitted by the transponder to the total of received valid interrogations.

Search. The condition which exists when the DME interrogator is attempting to acquire and lock onto the response to its own interrogations from the selected transponder.

System Efficiency. The ratio of valid replies processed by the interrogator to the total of its own interrogations.

Track. The condition which exists when the DME interrogator has locked onto replies in response to its own interrogations, and is continuously providing a distance measurement.

Transmission Rate. The average number of pulse pairs transmitted from the transponder per second.

Virtual Origin. The point at which the straight line through the 30 % and 5 % amplitude points on the pulse leading edge intersects the 0 per cent amplitude axis (see Figure 2).
3.1.0
General

3.1.1
The DME system shall provide for continuous and accurate indication in the cockpit of the slant range distance of an equipped aircraft from an equipped ground reference point.

3.1.2
The system shall comprise two basic components, one fitted in the aircraft, the other installed on the ground. The aircraft component shall be referred to as the interrogator and the ground component as the transponder.

3.1.3
In operation, interrogators shall interrogate transponders which shall, in turn, transmit to the interrogator replies synchronized with the interrogations, thus providing means for accurate measurement of distance.

3.1.4
When a DME function is combined with an ILS for the purpose of constituting a single facility, they shall be considered to be associated in a manner complying with ICAO, Annex 10, Part I, 2.2.2, only when:

a)
operated on a standard frequency pairing in accordance with 3.2.3.3 below:

b)
co-located within the limits prescribed for associated facilities in 3.1.5 below; and

c)
complying with the identification provisions of 3.2.5.4 below.

3.1.5
The DME shall be capable of association with an ILS facility in accordance with guidance provided in ICAO Annex 10, Attachment C to Part I, paragraphs 2.11 and 7.1.6.

3.2.0
System Requirements

3.2.1
Performance
3.2.1.1
Range. 

3.2.1.1.1
The system shall provide a means of measurement of slant range distance from an aircraft to a selected transponder to the limit of coverage prescribed by the operational requirements for the selected transponder.

3.2.1.2
Coverage

3.2.1.2.1
DME/N requirements shall be at least equal to the DME coverage volume given in Figure 3.  The coverage requirement does not account for surrounding terrain or man-made obstruction and blockages and is intended to represent the coverage achieved at a level-terrain, obstacle-free site.
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Figure 3.  Low Power DME Coverage Region.

3.2.1.3
Accuracy

3.2.1.3.1
System accuracy. 

The accuracy standards specified herein shall be met on a 95 % probability basis, that is the accuracy must be within the error limit for 95 % of the time in any 40 second evaluation window as shown in Figure 4.

Note. — The total system limits include errors from all causes such as those from airborne equipment, ground equipment, propagation and random pulse interference effects.
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Figure 4.  Methodology for assessment of 95% criteria.

3.2.1.3.2
DME accuracy

3.2.1.3.2.1
The total system error shall not exceed plus or minus 370 m (0.2 nmi).

Note 1. — This system accuracy is predicated upon the achievement of an airborne interrogator error contribution of not more than plus or minus 315 m (0.17 nmi).

Note 2. — In mixed DME/N and DME/P operations it is intended that the total system error be not greater than plus or minus 460m (0.25nmi) plus 1.25 % of distance measured.

3.2.2
Radio Frequencies and Polarization. 

The system shall operate with vertical polarization in the frequency band 960 MHz to 1215 MHz. The interrogation and reply frequencies shall be assigned with l-MHz spacing between channels.

3.2.3
Channeling
3.2.3.1
DME operating channels shall be formed by pairing interrogation and reply frequencies and by pulse coding on the paired frequencies.

3.2.3.2
DME operating channels shall be chosen from ICAO Annex 10, Chapter 3, Table A (or FAA Order 6050.32); i.e., 352 channels in which the channel numbers, frequencies, and pulse codes are assigned.

3.2.3.3
Channel pairing. When a DME transponder is intended to operate in association with a single VHF navigation facility in the 108 MHz to 117.95 MHz frequency band, the DME operating channel shall be paired with the VHF channel as given in FAA Order 6050.32.

Note. — In the ILS/MLS transition period, there may be instances when a DME will be paired with both the ILS frequency and an MLS channel (see 4.3.3.1 of ICAO Annex 10, Part II).

3.2.4
Aircraft Handling Capacity of the System
3.2.4.1
The minimum aircraft handling capacity of the transponder shall be adequate for peak traffic of 100 interrogators with an average interrogation rate of 30 pulse-pairs per second (pp/s) and a transponder reply efficiency of 70%.

Note: This specification is intended to be consistent with ICAO Annex 10, Attachment C to Part I, paragraph 7.1.5.  The referenced requirement in Annex 10 is specified in terms of the number of aircraft, where each aircraft is assumed to have a single interrogator.

3.2.5
Transponder Identification
3.2.5.1
All transponders shall transmit an identification signal in one of the following forms as required by 3.2.5.5 below:

a)
an “independent” identification consisting of coded (International Morse Code) identity pulses which can be used with all transponders:

b)
an “associated” signal which can be used for transponders specifically associated with a VHF navigation which itself transmits an identification signal.

3.2.5.2
Both systems of identification shall use signals, which shall consist of the transmission for an appropriate period of a series of paired pulses transmitted at a repetition rate of 1350 pulse pairs per second, and shall temporarily replace all reply pulses that would normally occur at that time. These pulses shall have similar characteristics to the other pulses of the reply signals.

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

3.2.5.3
The characteristics of the “independent” identification signal shall be as follows:

a)
the identity signal shall consist of the transmission of the beacon code in the form of dots and dashes (International Morse Code) of identity pulses at least once every 40 seconds, at a rate of at least 6 words per minute; and

b)
the identification code characteristic and letter rate for the DME transponder shall conform to the following to ensure that the maximum total key down time does not exceed 5 seconds per identification code group. The dots shall be a time duration of 0.1 second to 0.160 second. The dashes shall be typically 3 times the duration of the dots. The duration between dots and/or dashes shall be equal to that of one dot plus or minus 10 per cent. The time duration between letters or numerals shall not be less than three dots. The total period for transmission of an identification code group shall not exceed 10 seconds.

3.2.5.4
The characteristics of the “associated” signal shall be as follows:

a)
when associated with a VHF facility, the identification shall be transmitted in the form of dots and dashes (International Morse Code) as in 3.2.5.3 above and shall be synchronized with the VHF facility identification code;

b)
each 40-second interval shall be divided into four or more equal periods, with the transponder identification transmitted during one period only and the associated VHF facility identification, where these are provided, transmitted during the remaining periods;

3.2.5.5
Identification implementation

3.2.5.5.1
The “independent” identification code shall be employed wherever a transponder is not specifically associated with a VHF navigational facility.

3.2.5.5.2
Wherever a transponder is specifically associated with a VHF navigational facility, identification shall be provided by the “associated” code.

3.2.5.6
When voice communications are being radiated on an associated VHF navigational facility, an “associated” signal from the transponder shall not be suppressed.

3.3.0
Detailed Technical Characteristics of Transponder and Associated Monitor

3.3.1
Transmitter
3.3.1.1
Frequency of operation. The transponder shall transmit on the reply frequency appropriate to the assigned DME channel (see 3.2.3.2 above).

3.3.1.2
Frequency stability. The radio frequency of operation shall not vary more than plus or minus 0.002 per cent from the assigned frequency.

3.3.1.3
Pulse shape and spectrum. The following shall apply to all radiated pulses:

a)
Pulse rise time shall not exceed 3 microseconds.

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

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

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

e)
The spectrum of the pulse modulated signal shall be such that during the pulse the effective radiated power contained in a 0.5 MHz band centered on frequencies 0.8 MHz above and 0.8 MHz below the nominal channel frequency in each case shall not exceed 200 mW, and the effective radiated power contained in a 0.5 MHz band centered on frequencies 2 MHz above and 2 MHz below the nominal channel frequency in each case shall not exceed 2 mW. The effective radiated power contained within any 0.5 MHz band shall decrease monotonically as the band center frequency moves away from the nominal channel frequency.

Note. — Guidance material relating to the pulse spectrum measurement is provided in ICAO Annex 10, Attachment C, section 7.1.11.

f)
To ensure proper operation of the thresholding techniques, the instantaneous magnitude of any pulse turn-on transients, which occur in time prior to the virtual origin shall be less than one percent of the pulse peak amplitude. Initiation of the turn-on process shall not commence sooner than 1 microsecond prior to the virtual origin.

Note 1. — The time “during the pulse” encompasses the total interval from the beginning of pulse transmission to its end. For practical reasons, this interval may be measured between the 5 % points on the leading and trailing edges of the pulse envelope.

Note 2. — The power contained in the frequency bands specified in 3.3.1.3 e) above is the average power during the pulse. Average power in a given frequency band is the energy contained in this frequency band divided by the time of pulse transmission according to Note 1.

3.3.1.4
Pulse spacing

3.3.1.4.1
The spacing of the constituent pulses of transmitted pulse pairs shall be as given in Table 1 (below).

	
	
	Pulse Pair Spacing ((s)
	Time Delay ((s)

	Channel Suffix
	Operating Mode
	Interrogation
	Reply
	1st pulse timing
	2nd pulse timing

	X
	DME
	12
	12
	50
	50

	Y
	DME
	36
	30
	56
	50


Table 1 DME Pulse Pair Spacing

3.3.1.4.2
The tolerance on the pulse spacing shall be plus or minus 0.25 microsecond.

3.3.1.4.3
The pulse spacings shall be measured between the half voltage points on the leading edges of the pulses.

3.3.1.5
Peak power output

3.3.1.5.1
a) Minimum Requirement:  The peak equivalent isotropically radiated power shall not be less than that required to ensure a peak pulse power density of minus 89 dBW/m2 under all operational weather conditions at any point within coverage specified in 3.2.1.2 above.  Also, see 3.3.11.

b) Desireable Performance Above Minimum Requirement.  It is  desirable that a power density of approximately minus 83 dBW/m2 be available at the maximum specified service range and level. 

3.3.1.5.2
The peak power of the constituent pulses of any pair of pulses shall not differ by more than 1 dB.

3.3.1.5.3
The DME equipment shall be able to service a minimum of 100 interrogators while maintaining at least a 70% reply efficiency.  This performance shall be achieved for an average interrogation rate (from each interrogator) of at least 30 pp/s in accordance with guidance on the relationship between number of aircraft and transmission rate given in ICAO Annex 10, Attachment C to Part I, 7.1.5.  

3.3.1.5.4
The transmitter shall operate at a transmission rate, including randomly distributed pulse pairs and distance reply pulse pairs, of not less than 700 pulse pairs per second except during identity.  

3.3.1.5.5 In the absence of valid interrogations, the minimum transmission rate due to randomly distributed pulse pairs shall not be less than 700 pulse pairs per second and shall not exceed 850 pulse pairs per second.

Note:  The minimum transmission rate should be as close as practicable to 700 pulse pairs per second.

3.3.1.6
Spurious radiation. 

During intervals between transmission of individual pulses, the spurious power received and measured in a receiver having the same characteristics as a transponder receiver, but tuned to any DME interrogation or reply frequency, shall be more than 50 dB below the peak pulse power received and measured in the same receiver tuned to the reply frequency in use during the transmission of the required pulses. This provision refers to all spurious trans​missions, including modulator and electrical interference.

3.3.1.6.1
The spurious power level specified in 3.3.1.6 above shall be more than 80 dB below the peak pulse power level.

3.3.1.6.2
Out-of-band spurious radiation. At all frequencies from 10 to 1800 MHz, but excluding the band of frequencies from 960 to 1215 MHz, the spurious output of the DME transponder transmitter shall not exceed minus 40 dBm in any one kHz of receiver bandwidth.

3.3.1.6.3
The equivalent isotropically radiated power of any CW harmonic of the carrier frequency on any DME operating channel shall not exceed minus 10 dBm.

3.3.2
Receiver
3.3.2.1
Frequency of operation. 

The receiver center frequency shall be the interrogation frequency appropriate to the assigned DME operating channel (see 3.2.3.2 above).

3.3.2.2
Frequency stability.

The center frequency of the receiver shall not vary more than plus or minus 0.002 % from the assigned frequency.

3.3.2.3
Transponder sensitivity

3.3.2.3.1
In the absence of all interrogation pulse pairs, with the exception of those necessary to perform the sensitivity measurement, interrogation pulse pairs with the correct spacing and nominal frequency shall trigger the transponder if the peak power density at the transponder antenna is at least minus 103 dBW/m2.

3.3.2.3.2
The minimum power densities specified in 3.3.2.3.1 above shall cause the transponder to reply with an efficiency of at least 70 %.

3.3.2.3.3
Dynamic range. 

The performance of the transponder shall be maintained when the power density of the interrogation signal at the transponder antenna has any value between the minimum specified in 3.3.2.3.1 above up to a maximum of minus 22 dBW/m2 when installed with ILS or MLS and minus 35 dBW/m2 when installed for other applications.

3.3.2.3.4
The transponder sensitivity level shall not vary by more than 1 dB for transponder loading between 0 and 90 % of its maximum transmission rate.

3.3.2.3.5
When the spacing of an interrog​ator pulse pair varies from the nominal value by up to plus or minus 1 microsecond, the receiver sensitivity shall not be reduced by more than 1 dB.

3.3.2.4
Sensitivity Reduction.  

When transponder loading exceeds 90 % of the maximum transmission rate, the receiver sensitivity should be automatically reduced in order to limit the transponder replies, so as to ensure that the maximum permissible transmission rate is not exceeded.  The available range of sensitivity reduction should be at least 50 dB.

3.3.2.5
Noise

When the receiver is interrogated at the power densities specified in 3.3.2.3.1 above to produce a transmission rate equal to 90 % of the maximum, the noise generated pulse pairs shall not exceed 5 % of the maximum transmission rate.

3.3.2.6
Bandwidth

3.3.2.6.1
The minimum permissible bandwidth of the receiver shall be such that the transponder sensitivity level shall not deteriorate by more than 3 dB when the total receiver drift is added to an incoming interrogation frequency drift of plus or minus 100 kHz.

3.3.2.6.2
The receiver bandwidth shall be sufficient to allow compliance with 3.2.1.3 above when the input signals are those specified in 3.4.1.3 below.

3.3.2.6.3
Signals greater than 900 kHz removed from the desired channel nominal frequency and having power densities up to the values specified in 3.2.3.3 for DME/N shall not trigger the transponder. Signals arriving at the intermediate frequency shall be suppressed at least 80 dB. All other spurious response or signals within the 960 MHz to 1215 MHz band and image frequencies shall be suppressed at least 75 dB.

3.3.2.7 Recovery Time

Within 8 microseconds of the reception of a signal between 0 dB and 60 dB above minimum sensitivity level, the minimum sensitivity level of the tran​sponder to a desired signal shall be within 3 dB of the value obtained in the absence of signals. This requirement shall be met with echo suppression circuits, if any, rendered inoper​ative. The 8 microseconds are to be measured between the half voltage points on the leading edges of the two signals, both of which conform in shape, with the specifications in 3.4.1.3 below.

3.3.2.8 Spurious Radiation 

Radiation from any part of the receiver or allied circuits shall meet the requirements stated in 3.3.1.6 above.

3.3.2.9 CW and Echo Suppression  

CW and echo suppression capabilities shall be provided to limit the error in the decoding time for the direct-path pulse pair and prevent multiple replies to a single aircraft interrogation due to the presence of echoes.

3.3.2.9.1
Short time-delay echoes

Synchronous pulse signals occurring between the pulse pair of the direct-path interrogation and superimposed on either the leading or trailing edge of the second pulse of direct-path interrogation shall not effect the time of decoding for the direct-path interrogation by an amount in excess of 0.15 microsecond.  The presence of such synchronous pulse signals shall not cause the reply efficiency to be reduced by more than 10 % from that measured in the absence of the pulse signals.

3.3.2.9.2
Long time-delay echoes

CW and echo suppression shall be provided for interrogations having echoes that are delayed with respect to the direct-path interrogation in excess of the receiver dead time setting.  The echo suppression shall be triggered by the decoding of a direct-path interrogation pulse pair whenever the level of the pulse pairs exceeds a pre-established level.  Such triggering shall result in a receiver desensitization pulse starting at the time of pulse decoding.  The degree of receiver desensitization shall be to a level 3.0  3 dB above the level of the decoded direct-path pulses and shall be active over the entire duration of the echo suppression pulse, unless re-triggered by a signal stronger by 0 to 6 db than the direct-path pulses, and over a range of input signals from 10 dB above the threshold triggering level to –15 dBm.  Individual controls shall be provided for:  a) Adjustment of the triggering level to any level between –80dBm and –10dBm; and b) Adjustment of the duration of the desensitization over the range 50 through 350 microseconds.

Note. — In this context, echoes mean undesired signals caused by multipath transmission (reflections, etc.).

3.3.3
Decoding
3.3.3.1
The transponder shall include a decoding circuit such that the transponder can be triggered only by pairs of received pulses having pulse duration and pulse spacings appropriate to interrogator signals as described in ICAO Annex 10, Volume I, 3.5.5.1.3 and 3.5.5.1.4.

3.3.3.2
The decoding circuit performance shall not be affected by signals arriving before, between, or after, the constituent pulses of a pair of the correct spacing.

3.3.3.3
Decoder rejection.  

An interrog​ation pulse pair with a spacing of plus or minus 2 micro​seconds, or more, from the nominal value and with any signal level up to the value specified in 3.2.3.3 shall be rejected such that the transmission rate does not exceed the value obtained when interrogations are absent.

3.3.4
Time Delay
3.3.4.1 When a DME is associated only with a VHF facility, the time delay shall be the interval from the half voltage point on the leading edge of the second constituent pulse of the interrogation pair and the half voltage point on the leading edge of the second constituent pulse of the reply transmission (Table 1). This delay shall be consistent with Table 1, when it is desired that aircraft interrogators are to indicate distance from the transponder site.

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

3.3.4.3
The transponder time delay should be capable of being set to an appropriate value between the nominal value of the time delay minus 15 microseconds and the nominal value of the time delay, to permit aircraft interrogators to indicate zero distance at a specific point remote from the transponder site.

Note. - Modes not allowing for the full 15 microsecond adjustment in transponder time delay may only be adjustable to the limits given by the transponder circuit delay and recovery time.

3.3.5
Accuracy
3.3.5.1
A transponder associated with a landing aid shall not contribute more than plus or minus 0.5 microsecond (75 m (250 ft)) to the over-all system error.

3.3.6
Efficiency
3.3.6.1
The transponder reply efficiency shall be at least 70 % at all values of transponder loading up to the loading corresponding to 3.2.4 above and at the minimum sensitivity level specified in 3.3.2.3.1 and 3.3.2.3.4 above.

Note. — When considering the transponder reply efficiency value account is to be taken of the DME dead time and of the loading introduced by the monitoring function.

3.3.6.2
Transponder dead time. The transponder shall be rendered inoperative for a period normally not to exceed 60 microseconds after a valid interrogation decode has occurred. In extreme cases when the geographical site of the transponder is such as to produce undesirable reflection problems, the dead time may be increased but only by the minimum amount necessary to allow the suppression of echoes.

3.3.7
Monitoring and Control
3.3.7.1
Means shall be provided at each transponder site for the automatic monitoring and control of the transponder in use.

3.3.7.2
Monitoring action

3.3.7.2.1
In the event that any of the conditions specified in 3.3.7.2.2 and 3.3.7.2.3 below occur, the monitor shall cause the following action to take place:

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

b)
the operating transponder shall be automatically switched off: and

c)
the standby transponder, if provided, shall be auto​matically placed in operation.

3.3.7.2.2
Primary Parameters:  The monitor shall cause the actions specified in 3.3.7.2.1 above if:

a)
the transponder delay differs from the assigned value by 1 microsecond (150 m (500 ft)) or more;

b)
in the case of a DME associated with a landing aid, the transponder delay differs from the assigned value by 0.5 microsecond (75 m (250 ft)) or more.

c)
the spacing between the first and second pulses of the transponder reply pulse pair differs from the assigned value by 1 microsecond (150 m (500 ft)) or more;

d)
in the case of a DME associated with a landing aid, the spacing between the first and second pulses of the transponder reply pulse pair differs from the assigned value by 0.5 microsecond (75 m (250 ft)) or more.

3.3.7.2.3
Secondary Parameters:  The monitor shall cause the actions specified in 3.3.7.2.1 above if any electronically monitored parameter exceeds specified limits.  As a minimum, the following parameters shall be monitored: receiver sensitivity; reply efficiency; identification; reply count/squitter; peak power output; and, transponder receiver and transmitter frequencies.

3.3.7.2.4
Alarm Timing:  The delay between the occurrence of a faulty condition, as specified in 3.3.7.2.2 and 3.3.7.2.3, and the execution of monitor control actions and fault annunciation shall not exceed 10 seconds, except for identification.  This delay shall be as low as practicable, taking into consideration the need to avoid interruption of transponder service due to transient effects.  For identification, the delay between the occurrence of a faulty condition and monitor action shall not exceed 75 seconds.

3.3.7.2.5
Test Signals and Monitoring Activities:  The transponder shall not be triggered more than 120 times per second for either monitoring or automatic frequency control purposes, or both.

3.3.7.3
Monitor failure

Failure of any part of the monitor itself shall automatically produce the same results as the malfunctioning of the element being monitored.

3.3.8
DME Antenna Characteristics/Requirements
3.3.8.1 Operating Frequencies

The DME antenna shall be capable of operating over the entire DME frequency range from 960 MHz to 1215 MHz.

3.3.8.2 Input Impedance

Input impedance to the DME antenna shall be 50 ohms (nominal).

3.3.8.3 VSWR

The VSWR shall be less than 2.0:1 when measured at the input terminal of the antenna.

3.3.8.4 Power Handling

The antenna shall be capable of handling 600W input power.

3.3.8.5 Antenna Circularity

The circularity of the antenna shall be no greater than ( 1 dB.

3.3.8.6 Vertical Pattern Shaping

The antenna shall have vertical pattern shaping sufficient to provide a beam-peak at +3.0 degrees from the horizon and greater than 1 dB/degree roll-off at the horizon.

3.3.8.7 Range

The antenna pattern shall permit coverage of at least that of the coverage volume defined in paragraph 3.2.1.2.1 of this document.

Note:
The antenna directional gain characteristics shall permit the associated ground transponder to meet the coverage requirement specified in paragraph 3.2.1.2 when installed over flat ground.  The antenna shall provide sufficient vertical pattern shaping below the horizon to meet the accuracy requirement specified in paragraphs 3.2.1.3 and 3.3.5. when installed above a flat ground plane and in accordance with manufacturer’s installation requirements.

3.3.9
Remote Maintenance Monitoring Capability
The LPDME shall have embedded Remote Maintenance Monitoring (RMM) capability that meets the requirements defined below.

3.3.9.1

Monitoring

The LPDME shall, as a minimum, provide the latest monitoring functions and information outlined below when polled by an outside source:

a) 
Determine and report the operating status of each LPDME subsystem.

b) 
Monitor the primary and backup equipment of each LPDME.

c) 
Perform monitoring without interfering with the operation of the LPDME.

d) 
Perform monitoring automatically without the need for user intervention.

e) 
Determine and report the logical and physical configuration of the LPDME elements to the extent that is practical.

f) 
Determine and report the availability status of LPDME elements.

g) 
Report changes in the fault, configuration, performance, or security status of the system.

h) 
Remote Maintenance Monitoring System (RMMS) alarm data shall be classified and made available to the user when the alarm is reported.  The definition of the classes are:

· Critical Fault (Hard Alarm)- system out of service, mandatory to fulfill statutory monitoring requirement.

· Major Fault (Alert)- impending failure or Loss of Redundancy (LOR).

· Fault (Soft Alarm)- operating parameter approaching an out of tolerance threshold, not causing a major or critical fault.

l) 
Provide a summary alarm for all major components, which reports the failure or imminent failure of the system.  This may be a roll up of selected alarms when said alarms taken separately may not endanger the system integrity but when taken together, result in a loss of service or imminent loss of service.

m) 
Provide the capability to configure the system so alarms are not generated or distributed from the Remote Monitoring System (RMS) when the system is commanded off or when a system is off as a normal state.


3.3.9.2
Control of LPDME
The RMM interface shall provide as a minimum the ability to:

a) 
Set/reset the LPDME to a known state.

b) 
Respond to all control operations with a command result and an indication of command execution.

c) 
Enforce pre-established user access control rules when performing a control operation.

d) 
Adjust fault thresholds.

e) 
Adjust attributes that condition automatic fault isolation and fault recovery processing.

f) 
Perform diagnostics to detect and/or isolate faults.

g) 
Configure/modify summary alarms.


3.3.9.3
Additional Requirements
The LPDME shall provide the capability, which meet the following criteria:

a) System parameters shall be grouped for retrieval (i.e. certification parameters, key performance parameters, fault diagnostic parameters, etc.)

b)
Provide diagnostics and system verification.

c)
Provide the ability to quickly access required data.

d)
Perform automatic self-tests (i.e. diagnostics, loop-back tests, etc.) without interfering with the operation of the LPDME.

e)
In the event of a restart/reboot (i.e. a momentary loss of power), the LPDME software shall automatically reinitiate itself and be fully functional with the latest loaded software version.

3.3.10
LPDME Reliability
The LPDME shall, through demonstration or calculations, exhibit at a minimum the reliability specified herein.  For those systems using redundancy, reliability shall be determined on the basis of periodic maintenance at intervals of 2190 hours (three month intervals).  The LPDME system shall have a Mean Time Between Failures (MTBF) of not less than 2190 hours.

The MTBF for a particular interval shall be the functional life of the system divided by the total number of failures within the system during the measurement interval

3.3.11
LPDME Maintainability
The mean time to isolate and replace a faulty LRU shall not exceed 30 minutes.  In no case shall the time required to isolate and replace a faulty LRU exceed 120 minutes.  These time requirements assume the following:  the repair is preformed by a single maintenance technician; the technician has had adequate equipment specific training; and, the repair work is performed under normal conditions in the equipment shelter.

3.3.12
Peak Power Output at Transponder Cabinet
The power output at the peak of each pulse shall not be less than 100 Watts as measured at the output of the equipment cabinet.

3.3.13
Remote Identification Keying from ILS Localizer
The transponder equipment shall be capable of accepting a remote identification keying signal from an ILS localizer as one means of satisfying the requirement specified in 3.2.5.4 a)

3.3.14
Interlock Signal from ILS Localizer
The transponder equipment shall be capable of accepting a remote interlock signal from an ILS localizer.  The transponder shall shut down when the interlock signal is absent and automatically start operating when the signal is present, if otherwise enabled.

3.3.15
Primary Power Source
The transponder equipment shall operate from a nominal 120/240 Volt, 60 Hertz primary power source.

3.3.16
Battery Backup

The transponder equipment shall have a continuously engaged backup power supply which enables normal operation for a minimum of four (4) hours subsequent to a failure of the primary power source.

4.0
INSTRUCTIONS FOR TEST PROCEDURES

The FAA plans to assess performance of commercial LPDMEs in part on the basis of the results of government conducted tests using vendor specific test procedures.  This section describes parameters to be measured and provides instructions for preparing test procedures.  Since it may not be feasible or practical given the time allocated for on-site testing of the equipment, reliability, capacity and coverage performance shall be assessed through analysis.  Equipment manufacturers shall provide these three analyses as part of the test procedures document.  General instructions for these analyses are provided in section 4.3.  

4.1
Performance Characterization Test Matrix

A Performance Test Matrix (PTM) is provided at the end of this section.  The PTM is based on the requirements specified in section 3 of this document.  It specifies the minimum performance data required to characterize the baseline performance of the transponder equipment.  The PTM specifies which parameters are to be measured at specified minimum intervals during a stability test.  It also specifies which parameters are to be measured using vendor specific test procedures.  The test procedure shall be developed by the equipment manufacturer in accordance with the instructions provided in section 4.2.

Stability Test.  A stability test will be initiated upon confirmation by the on-site equipment representative that the transponder is operating properly.  The parameters identified by an “x” in the “Stability Test” column of the PTM shall be measured at the specified interval and recorded during a 168-hour (one calendar week) test.  The 168-hours shall be completed without a LPDME system shutdown or alarm event occurring.  If such an event should occur, the testing will be restarted from hour zero.  Only one re-start will be permitted.  The recording shall be accomplished using the inherent capabilities of the transponder equipment to the extent possible.  Parameters that require manual measurement may have to be sampled at longer intervals.   The measured data shall be used to assess the short-term and long-term stability of the system.

Single Test or Evaluation:  Subsequent to successful completion of the stability test, approved test procedures are executed to characterize the baseline functional performance of the transponder equipment.  Performance data shall be collected for each parameter (electrical, physical, etc.) identified by an “x”, “I”. or “O” in the “Single Test or Evaluation” column of the PTM and assessed against a minimum performance requirement.

4.2
Test Procedure Document

The equipment manufacturer shall develop a test procedure document for review and approval by the FAA.  As a minimum, the test procedure document shall address the following three items:  1) inherent automatic recording capabilities of the transponder equipment; 2) equipment specific test procedures; and 3) the performance analyses specified in this section.  In addition, each vendor must provide a summary description of the features of its LPDME that it considers to be particularly beneficial to FAA operations.

The parameters identified by an “x” in the “Stability Test” column of the PTM shall be at least measured at the specified interval and recorded during the stability test.   The recording shall be accomplished using the inherent capabilities of the transponder equipment to the extend possible. Although undesirable, it is realized that some of the parameters specified may have to be manually measured and recorded.  The test procedure document shall indicate which of the required parameters can be measured automatically and which parameters have to be measured manually.

The equipment manufacturer shall develop equipment specific test procedures for measuring the parameters listed in the PTM.  This test procedure shall identify the equipment model to which it applies.  The test procedure document shall specify the test equipment type and model, the site level standard tools, and any documents/manuals required for conducting the test procedures.  Except as subsequently noted, a test procedure and associated performance limit shall be developed for measuring and assessing the performance associated with each parameter identified by an “x” in the “single test or evaluation” column of the PTM.  For parameters identified with an “I”, the equipment manufacture shall provide the information requested for evaluation of the performance related to that particular parameter.  This information shall be provided as part of the test procedures document, and they may be provided as attachment when appropriate.  For the few parameters identified with an “O”, the performance assessment related to these parameters will be based on observations made by FAA personnel during the on-site testing.  The format of the test procedure document shall provide a practical means of cross-reference to the PTM.

4.3
Instructions for the Reliability, Coverage, and Capacity Analyses

4.3.1
Reliability

An equipment reliability analysis shall be performed in accordance with the Part Stress Method of MIL-HDBK-217F, Notice 2.  In addition to the results of the reliability analysis, the manufacturer shall provide information regarding all methods and assumptions employed when performing the analysis.  The documentation provided shall include at least the following information:  reliability model diagrams at the subassembly level (e.g., power modules, transmitter, printed circuit cards, etc); assumed shelter, equipment cabinet, and component temperatures rise/cycling; operating stress of components when applicable; and, the source(s) of all failure rate data.  A list of the ten most critical components affecting the transponder reliability shall be provided. 

4.3.2
Coverage

The manufacture shall perform a signal coverage analysis of the transponder transmitter and antenna equipment.  The analysis shall determine the power available at the interrogator antenna at the extreme limits of coverage as defined in Figure 3.  The assumed transmitter power, power alarm limit, cable loss, antenna gain, antenna vertical and horizontal directivity shall be consistent with the performance of the equipment being provided.  The analysis shall take into consideration the equipment tolerance extremes and nominal performance.  In addition to the results of the coverage analysis, the manufacturer shall provide information regarding all methods and assumptions employed when performing the analysis.

4.3.3
Capacity

The 100 interrogators, at a 70% reply efficiency, at 30 interrogations per second capacity handling requirement is the minimum criteria for equipment evaluation conducted during this procurement activity.  As previously stated, this capacity is becoming insufficient to handle the peak traffic found in high-traffic corridors, such as the northeastern United States.  Thus, the FAA desires an increase in the minimum number of interrogators that the transponder can handle.

Accordingly, each equipment manufacturer shall provide an analysis of the actual number of interrogators that can be serviced by the current equipment design.  For the purpose of this analysis, it shall be assumed that 5% of the interrogators are in search mode with a pulse repetition frequency of 150 pulse pairs per second and that 95% are in track mode with an average pulse repetition frequency of 24 pulse pairs per second.  The analysis shall account for all factors that affect transponder capacity, such as transmitter duty cycle, guard times, minimum receiver blanking times, etc.  In addition to the results of the capacity analysis, the manufacturer shall provide information regarding all methods and assumptions employed when performing the analysis.

4.4
Summary of Beneficial Features

The vendor must provide a summary description of the features of its LPDME that it considers to be especially beneficial for the FAA.  The summary should also describe how FAA would verify the feature, e.g., by reference to a test procedure.

	Test Identifier
	Parameter
	Requirement
	Stability Test

(Min. samples/hour)
	Single Test

0r

Evaluation
	Reference Paragraph and/or Comment



	1.0
	General Items
	
	
	
	

	1.1
	RMM 
	Embedded
	
	I
	Documentation of the RMM capability of the system as described in the ICD [3.3.9].  Note:  the ICD need not be submitted with the test procedure document.  It will be submitted with the proposal.

	1.2
	FAR 171 Type Accept.
	Have/capable
	
	I
	If type accepted, provide FAA  type acceptance letter.  (To be submitted with the proposal.)

	1.3
	Power Ouput
	(100W
	4
	X
	Measured at output of equipment cabinet [3.3.12].

	1.4
	Construction
	SolidState/Modular
	
	O
	Documentation of DME equipment construction according to the T.I. manual.

	1.5
	Rmote Ident Keying
	Accept from ILS Localizer
	
	X
	[3.3.13]

	1.6
	Transponder Identification
	See referenced paragraph for requirements
	
	X
	Documentation of potential identification sources shall be supplied (i.e., independent and associated) according to the T.I. manual  [3.2.5].

	1.7
	ILS/DME Interlock
	DME Offline w/out interlock signal
	
	X
	ILS interlock scheme according to the T.I. manual [3.3.14]

	1.8
	Input Power
	120/240 VAC (60 Hz)
	
	I,O
	Input power requirements according to the T.I. manual [3.3.15].

	1.9
	Power Backup
	DME Operational > 4 hours
	
	X
	Single test of DME equipment operating via power backup [3.3.16]

	1.10
	Diagnostic Procedures
	Independent validation
	
	X
	Independent validation of procedures contained in technical manuals

	1.11
	Mean Time Between Failure (MTBF)
	> 2190 hours
	
	X
	Reliability Analysis per section 4.3 [3.3.10].

	1.12
	Mean Time to Repair
	< 30 minutes
	
	O
	30 minutes MTTR with 120 minute max, evaluated during test [3.3.11]

	2.0
	DME Transponder Transmitter
	
	
	
	

	2.1
	Transmitter Freq.
	
	
	
	

	2.1.1
	Frequency
	Operational on each Frequency
	
	X
	Operation on all frequencies shall be verified [3.3.1.1] 

	2.1.2.1
	Freq Stability single freq
	( 0.002% from assigned
	8
	X
	Tested on assigned frequency (stability test) [3.3.1.2]

	2.1.2.2
	Frequency Stability
	( 0.002% from assigned
	
	X
	Stability tested at 963, 1018, 1089, and 1150 MHz [3.3.1.2]

	2.2
	Pulse Shape
	
	
	
	

	2.2.1
	Rise Time
	< 3.0 (S
	1
	X
	 [3.3.1.3 (a)]

	2.2.2
	Duration
	3.5 ( 0.5 (S
	1
	X
	 [3.3.1.3 (b)]

	2.2.3
	Decay Time
	2.5 (S (nominal), 3.5 (S (max)
	1
	X
	 [3.3.1.3 (c)]

	2.2.4
	Instant. Amplitude
	See referenced paragraph for requirements
	1
	X
	 [3.3.1.3 (d)]

	2.2.4
	Spectrum
	See referenced paragraph for requirements
	1
	X
	 [3.3.1.3 (e)]

	2.2.5
	Instantaneous Magnitude
	See referenced paragraph for requirements
	1
	X
	 [3.3.1.3 (f)]

	2.3
	Pulse Spacing
	
	
	
	

	2.3.1
	Spacing
	See referenced paragraph for requirements
	1
	X
	Pulse spacing measured between the half voltage points on the leading edges of the pulses [3.3.1.4]

	2.4
	Peak Power Output
	
	
	
	

	2.4.1
	E.I.R.P.
	Peak Pulse power density  ( -89 dBW/m2 (at any point within coverage volume)
	1
	X
	 [ 3.3.1.5.1] Coverage Analysis per section 4.3

	2.4.2
	Pulse Pair Peak
	Difference < 1 dB
	1
	X
	 [ 3.3.1.5.2] 

	2.4.3
	Capacity 
	100 interrogators/sec (minimum)
	
	X
	[ 3.3.1.5.3] Capacity Analysis per section 4.3

	2.4.4
	Transmission Rate
	700 to 850 pulse pairs/sec (minimum – except during Identity)
	
	X
	Document and record [3.3.1.5.4 & 3.3.1.5.5] paragraph states that the minimum transmission rate shall be as close to 700 pp/s as practicable

	2.4.5
	Spurious Radiation (in-band)
	> 50 dB below peak pulse power
	
	X
	 [ 3.3.1.6]

	2.4.6
	Spurious Radiation (in-band)
	> 80 dB below peak pulse power level
	
	X
	 [ 3.3.1.6.1]

	2.4.7
	Spurious Radiation (out-of-band)
	< -40 dBm in any 1 kHz of receiver bandwidth
	
	X
	Applicable from 10 to 1800 MHz (excluding 960 – 1215 MHz) [ 3.3.1.6.2]

	2.4.8
	CW Harmonic E.I.R.P.
	< -10 dBm
	
	X
	CW harmonic of the carrier frequency on any DME oper [ 3.3.1.6.3]

	3.0
	DME Transponder Receiver
	
	
	
	

	3.1
	Receiver Frequency
	
	
	
	

	3.1.1
	Frequency
	Operational on each Frequency
	
	X
	Operation on all frequencies shall be verified [ 3.3.2.1]

	3.1.2.1
	Frequency Stability
	( 0.002% from assigned
	8
	X
	Tested on assigned frequency (stability test)[ 3.3.2.2]

	3.1.2.2
	Frequency Stability
	( 0.002% from assigned
	
	X
	Stability tested at 963, 1018, 1089, and 1150 MHz [3.3.2.2]


	Test Identifier
	Parameter
	Requirement
	Stability Test

(Min. samples/hour)
	Single Test

0r

Evaluation
	Reference Paragraph and/or Comment



	3.2
	Transponder Sensitivity
	
	
	
	

	3.2.1
	Sensitivity
	( -103 dBW/m2
	
	X
	 [ 3.3.2.3.1]

	3.2.2
	Reply Efficiency
	( 70 %
	4
	X
	 [ 3.3.2.3.2]

	3.2.3
	Dynamic Range
	Performance maintained when (-103  dBW/m2  ( Power Density ( -22  dBW/m2  )
	
	X
	 [ 3.3.2.3.3] 

	3.2.4.1
	Transponder Sensitivity Level
	( 1 dB (for transponder loading between 0 and 90 %)
	
	X
	 [ 3.3.2.3.4]

	3.2.4.2
	Receiver Sensitivity Level
	( 1 dB (for interrogator pulse pair spacing variance of ( 1 (S )
	
	X
	 [ 3.3.2.3.5]

	3.3
	Sensitivity Reduction
	
	
	
	

	3.3.1
	Sensitivity Reduction Range
	( 50 dB
	
	X
	 [ 3.3.2.4 ] 

	3.4
	Noise
	
	
	
	

	3.4.1
	Noise Generated Pulse Pairs
	< 5 % (of maximum transmission rate)
	
	X
	 [ 3.3.2.5]

	3.5
	Bandwidth
	
	
	
	

	3.5.1
	Minimum Receiver Bandwidth 
	See referenced paragraph for requirements
	
	X
	 [ 3.3.2.6.1]

	3.5.2
	Receiver Bandwidth
	See referenced paragraph for requirements
	
	X
	 [ 3.3.2.6.2]

	3.5.3
	Suppression and Trigger Limits
	See referenced paragraph for requirements
	
	X
	 [ 3.3.2.6.3]

	3.6
	Recovery Time
	
	
	
	

	3.6.1
	Transponder Recovery Time
	See referenced paragraph for requirements
	
	X
	 [ 3.3.2.7]

	3.7
	Spurious Radiation
	
	
	
	

	3.7.1
	Spur. Radiation
	> 50 dB below peak pulse power
	
	X
	 [ 3.3.2.8]

	3.8
	CW and Echo Suppression
	
	
	
	

	3.8.1
	CW/Echo suppression
	Short time-delay echoes 
	
	X
	[ 3.3.2.9.1]

	3.8.2
	CW/Echo suppression
	Long time-delay echoes
	
	X
	[ 3.3.2.9.2]

	4.0
	Decoding
	
	
	
	

	4.1
	Decoding Circuit
	Only valid pulse pairs can trigger transponder
	
	X
	 [ 3.3.3.1 ]

	4.2
	Decoding Circuit Performance
	Performance shall not be affected by signals arriving before, between, or after the constituent pulses of a pair of the correct spacing.
	
	X
	[ 3.3.3.2]

	4.3
	Decoder Rejection
	See referenced paragraph for requirements
	
	X
	 [ 3.3.3.3]

	5.0
	Time Delay
	
	
	
	

	5.1
	Time Delay (VHF facility association)
	See referenced paragraph for requirements
	
	X
	 [ 3.3.4.1]

	5.2
	Time Delay
	See referenced paragraph for requirements
	
	X
	 [ 3.3.4.2] 

	5.3
	Adjustable Delay
	(Nominal-15(S) (Delay( Nominal
	
	X
	 [ 3.3.4.3] 


	Test Identifier
	Parameter
	Requirement
	Stability Test

(Min. samples/hour)
	Single Test

0r

Evaluation
	Reference Paragraph and/or Comment



	6.0
	Accuracy
	
	
	
	

	6.1
	Accuracy (when associated w/ landing aid)
	(0.5 (S (75 m (250 ft ))
	4
	X
	 [ 3.3.5.1]

	7.0
	Efficiency
	
	
	
	

	7.1
	Reply Efficiency
	( 70 % (see reference)
	4
	X
	 [ 3.3.6.1.]

	7.2
	Transponder Dead Time
	( 60 (S (after valid interrogation decode) (see reference)
	2
	X
	 [ 3.3.6.2]

	8.0
	Monitoring and Control
	
	
	
	

	8.1
	Automatic Monitor and Control
	
	
	
	

	8.1.1
	Site Implementation 
	See referenced paragraph for requirements
	
	X
	Document equipment and procedures [ 3.5.4.7.1]

	8.2
	Monitoring action
	
	
	
	

	8.2.1
	 Monitor Actions
	-Provide indication at control point

-Operating Transponder will be turned off

-Standby transponder (if provided) shall be automatically placed in operation
	2
	X
	 [ 3.3.7.2.1]

	8.2.2
	Monitored parameters
	Primary: Time Delay and pulse spacing

And

Secondary:  at least receiver sensitivity, reply efficiency, identification, reply count/squitter, peak power output, transmitter/receiver frequencies
	
	X
	[3.3.7.2.2 & 3.3.7.2.3]

	8.2.3
	Alarm Timing
	10 Sec max, 75 sec max for Ident
	
	X
	Document data and how measured [3.3.7.2.4]

	8.2.4
	Transponder Trigger Rate (monitoring/frequency control or both)
	< 120/Sec TOTAL
	
	X
	Document data and how measured [ 3.3.7.2.5]

	8.2.5
	Monitor Failure
	Provide action identical to the malfunctioning element being monitored
	
	X
	[ 3.3.7.3]

	9.0
	DME Antenna
	
	
	
	

	9.1
	Operating Frequencies
	960 to 1215 MHz
	
	I
	Provide antenna range or other measured data that demonstrates compliance over all frequencies with supporting narrative [3.3.8.1].

	9.2
	Input Impedance
	50 ( (Nominal)
	
	I
	Provide antenna range or other measured data that demonstrates compliance with antenna input impedance requirement with supporting narrative [3.3.8.2].

	9.3
	VSWR
	( 2.0:1
	
	I
	Provide antenna range or other measured data that demonstrates compliance with VSWR requirement with supporting narrative [3.3.8.3].

	9.4
	Power Handling
	600W
	
	I
	Provide antenna range or other measured data that demonstrates compliance with 600W power handling requirement with supporting narrative [3.3.8.4].

	9.5
	Azimuth Plane
	Circularity: ( 1 db Maximum
	
	I
	Provide antenna range data for low, mid, high frequencies that demonstrates compliance with horizontal pattern performance [3.3.8.5].

	9.6
	Vertical plane
	Beam Peak:  3.0 degrees above horizon

Roll-off: > 1 dB/degree at horizon
	
	I
	Provide antenna range data for low, mid, high frequencies that demonstrates compliance with vertical pattern performance [3.3.8.6].

	9.7
	Range
	>40 nmi
	
	I
	Provide analysis for low, mid, high frequencies that demonstrates compliance with coverage requirements when used with transponder equipment being provided for evaluation [3.2.1.2 & 3.3.8.6 & 4.3.2].


	Test Identifier
	Parameter
	Requirement
	Stability Test

(Min. samples/hour)
	Single Test 

0r

Evaluation
	Reference Paragraph and/or Comment

	10.0
	Remote Maint. Monit.
	
	
	
	

	10.1
	Monitoring
	Real time facility/service status, Monitored Parameters:  Reply Delay, Receiver Sensitivity/Reply efficiency,Ident keying, Reply count/squitter, Pulse Spacing, Peak power out.  Record performance/trend data
	4
	X
	Document/demonstrate capability [3.3.9.1]

	10.2
	Control
	Full local access to all status, control, performance data logging, and fault isolation capabilities for authorized personnel.  Remote reset/recycle, and parameter adjustment capabilities.  Remote activation of diagnostics
	
	X
	Document/demonstrate capability [3.3.9.2]

	10.3
	Additional Requirements
	See referenced paragraph for requirements
	4
	X
	Document/demonstrate capability [3.3.9.3]
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