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	SUMMARY

	FSMP-WG19-WP08_LDACS-Inter-Panel proposed to establish an LDACS Inter-Panel Task Force (LDACS-IPTF) to address remaining spectrum compatibility issues raised by NSP and SP in a coordinated and timely manner. As a response, FMSP-WG19 nominated some participants to the IPTF and asked them to report the progress of the IPTF at FSMP-WG20.




INTRODUCTION
An inter Panel Task Force (IPTF) on LDACS spectrum topic has been launched on PT-T’s initiative. The objective of the LDACS IPTF is to gather experts from DCIWG, NSP, SP and FSMP to facilitate the resolution of LDACS related spectrum issue and to progress toward the finalization of LDACS SARPs. 
FSMP-WG19 nominated several FSMP members to participate to the IPTF. This WP provides a report of the LDACS IPTF activities after 7 meetings organized between August 2024 and February 2025.
SCOPE
TOR
Final version of TORs is attached in Annex A. 
The objective of the LDACS IPTF is to “facilitate the finalization of the Annex 10 PfAs necessary to support LDACS and the LDACS documentation by using the expert opinion from all relevant CNS panels to resolve the outstanding concerns for LDACS compatibility and spectrum issues as soon as practical.  The LDACS IPTF will take over inter-panel coordination process for all LDACS items between the CP-DCIWG, NSP, SP and FSMP to reach consensus.”
3 functional areas have been identified:
· Navigation systems compatibility testing and analysis
· Surveillance systems compatibility testing and analysis
· Other systems compatibility/institutional issues

LDACS IPTF deliverables include:
· Recommendations for Annex 10 PfAs (Vol I, III, IV, V, compatibility criteria for frequency assignments, …).
· Recommendations for the content update of LDACS standards material and relevant documentation (e.g, LDACS technical manual, MOPS, Doc 9718).

Relation between LDACS IPTF and Panels
The LDACS IPTF does not supersede usual prerogatives of Panels. LDACS IPTF is a forum whose objectives is to facilitate exchanges between experts of the CNS Panels. 
NSP and SP remain in charge of the development of their respective test plans. LDACS-IPTF provide comments and feedback on the test plans, as well as inputs when open issue is identified.
For future activities of LDACS IPTF related to FSMP topics (development of frequency planning process, material for Doc 9718), LDACS IPTF may be relevant to develop input material since it gathers both LDACS and frequency/spectrum experts.
Status of LDACS IPTF activities
Test plans
LDACS IPTF has progressed its work on the finalization of NSP and SP test plans as reported below.
SP test plan:
While SP ASWG is drafting the test plan, IPTF received comments from PT-T regarding the test plan. These comments are being adjudicated by SP. They are attached for information in Annex B.
The final SP test plan does not include UAT. However, SP is currently working to define test procedure on the impact of LDACS on UAT. These test procedures are expected to be finalized later, but there is willing to ensure that introduction of LDACS in the band does not jeopardize UAT operation.
NSP test plan:
There are presently two outstanding matters that require resolution in order to complete the NSP test plan.
1. DME Extraneous Pulse Environment (EPE): DME EPE refers to the background DME pulsed interfering environment in which DME interrogator needs to operate. Although the inclusion of DME EPE within test procedures is typically included to model a realistic interfering environment for the receiver under test, its relevance was questioned by the PT-T on the basis that any results obtained in this manner would not yield results that distinguish between any degradation caused by the EPE and degradation caused by the presence of theLDACS signal itself. To resolve the difference of approaches, a way forward was proposed to perform a two step test procedure:
i. Prequalification step: Analysis of DME interrogator performance in presence of EPE only
ii. Second phase: Analysis of DME interrogator performance in presence of LDACS only and with the combination of EPE + LDACS Return Link.
The IPTF was able to reach broad consensus that this scheme is suitable. In order to take this scheme forward the IPTF is now considering which EPE model should be adopted for the test plan. Proposals for the EPE model are being discussed. More details are given in Annex C. 
2. Unit-to-unit variation: The unit-to-unit variation aims at addressing the fact that test results would only be available for a limit number of tested devices. The outcome from IPTF considerations is that there is a general agreement in modelling the unit-to-unit variation with an additional margin. The challenge is then to determine a realistic value for this margin. Considering that the unit-to-unit variation depends on several parameters – including design, performance variation between units of the same model, conditions of use (age of the equipment, temperature, humidity) – the determination of a realistic and justifiable margin relies on information from manufacturers regarding the performance of their equipment.  Discussions on this margin are ongoing.
Tests with non-aeronautical systems
Some military systems, such as TACAN, provide an aeronautical service to civil aviation. 
Joint Tactical Information Distribution System (JTIDS) and Multifunctional Information Distribution System (MIDS) are military systems, used in particular by NATO as part of Link 16. While these systems operate under No 4.4 on a no interference / non-protection basis, the addition of LDACS in the 960 – 1164 MHz band which is already heavily crowded may require to question JTIDS / MIDS operations, in order to make sure the LDACS stations remain free from harmful interference.
NSP decided to remove TACAN from the test plan. However, Eurocontrol plans to perform some tests regarding the compatibility between LDACS and TACAN. At the time of writing, this activity is in its planning and procurement stage. The IPTF will be in a position to assess the need for any further work once information becomes available.
Next Steps 
Planning
Test plans are expected to be finalized in February (SP test plan) and April (NSP test plan). The next phase will be dedicated to executing the tests. Once test results will be available, the IPTF will be in a position to continue its work on:
· Analysis of test results
· Development of compatibility criteria
· Recommendations for Annex 10 Vol I, III, IV, V
· Material for Doc 9718.
Potential issue
It is critical that NSP and SP test plans yield representative results. Results would be representative and usable only if a sufficiently wide range of equipment are tested. Some entities have volunteered to run the tests, but export limitation remains a risk that may limit the number of available devices that can be tested. The entities that have been identified planning to run the test and equipment to run the tests are identified in Annex D.
ACTION BY THE MEETING
The meeting is invited to:
note the contents of this working paper;
provide feedback on the content of NSP and SP test plans;
provide feedback on how to consider non-aeronautical systems in the activities of the IPTF;
Discuss how to facilitate the availibility of equipment to be tested;
Contribute to the next LDACS IPTF activities, in particular regarding material to be included Doc 9718 and regarding the band planning of the 960 – 1215 MHz band, since these activities are in the remit of FSMP.


ANNEX A: Terms of references


ANNEX B: Adjudication of PT-T’s comments on SP test plan




ANNEX C: DME Extraneous Pulse Environment
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	SP tests
	NSP tests

	 
	Eurocontrol
	ENRI
	Eurocontrol
	CAAC
	ENAC
	ENRI

	Equipment under tests
	Transpondeur: 
- ACSS XS-950
- Collins TDR-94D
- TPR-901
- NXT-800
- Garmin GTX345 (1090 and UAT ADS-B in)
- 2 TCAS devices (Collins)
- Mode S SSR ground stations (Leonardo) under preparation
- WAM receiver (still to be confirmed)
Some facilities are still under discussions to fully complete SP test plans. Discussion are on-going with manufacturers.
	Transpondeur: 
- ACSS XS-950
- Garmin GTX-330
- Other (T.B.D)
	Some facilities are still under discussions to fully complete NSP test plans. Discussion are on-going with manufacturers (contacts are engaged with Honeywell, Collins). Devices to be tested are identified.
	DME:
- DME2100
- ATC5000NG
Coordination is going, without anything validated at this stage, to get acces to further equipment.


GNSS L5/B2a
- Novatel
	Feasibility to perform tests on DME transponders is under consideration
	DME:
T.B.D


ANNEX D : List of equipment available and entities to run NSP and SP tests


Discussions are on-going with Navcanada for guidances on SSR test scenarios.
— END —
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Oct 2024



Terms of Reference for ICAO LDACS Inter-CNS Panel Task Force (LDACS IPTF)



Background:

The jobcard CP-DCIWG.010.03 "Future L-Band Terrestrial Data Link System" has been assigned to CP-DCIWG PT-T with the task to develop initial standards and accompanying guidance material documentation for LDACS.  PT-T has been working closely with the coordinating panels listed in the job card (NSP, SP, and FSMP) to address raised concerns and assess potential solutions. In addition, different testing campaigns have been undertaken by various interested parties to evaluate the potential interference from LDACS to CNS systems and support the resolution of identified concerns.  However, there remains additional testing to demonstrate CNS systems compatibility to the different CNS panels.  



Objective:

The LDACS IPTF will facilitate the finalization of the Annex 10 PfAs necessary to support LDACS and the LDACS documentation by using the expert opinion from all relevant CNS panels to resolve the outstanding concerns for LDACS compatibility and spectrum issues as soon as practical.  The LDACS IPTF will take over inter-panel coordination process for all LDACS items between the CP-DCIWG, NSP, SP and FSMP to reach consensus.



Scope:

The LDACS IPTF will achieve its objectives through splitting the work into 3 main functional areas initially before combining all results to help develop the necessary PfAs:

· Navigation systems compatibility testing and analysis

· Surveillance systems compatibility testing and analysis

· Other systems compatibility/institutional issues.  

Once the work of these has been completed, the final work item will produce the necessary recommendations for the Annex 10 PfAs and any other ICAO documentation if necessary.



The target date for completion of the work is Nov 2025.[footnoteRef:1] [1:  Note that dates are only estimates for work planning and are subject to change depending on the work/testing.] 


 

Navigation systems compatibility testing and analysis

· Draft NSP compatibility test plan provided to LDACS IPTF for review – Oct 2024

· NSP finalizes navigation system compatibility test plan – Apr 2025

· Series of LDACS IPTF workshops to collect comments and provide recommendations to NSP on compatibility test plans

· Identify and confirm compatibility test facilities and funding sources (including the validating of test plan feasibility by test facilities)

· NSP compatibility system testing completed by third parties – Aug 2025 (based on funding and test resource availability)

· Compatibility testing campaigns are expected to be performed by EUROCONTROL, China, Japan, with oversight from NSP

· NSP report back ongoing progress to LDACS IPTF, identifying:

· Any necessary changes to compatibility test plan/retesting due to EPE requirements

· Initial evaluation and interim compatibility criteria for frequency assignments

· NSP reviews compatibility test results and provides to LDACS IPTF – Nov 2025 (based on provisional NSP date)



Surveillance systems compatibility testing and analysis

· Draft SP compatibility test plan provided to LDACS IPTF for review – Oct 2024

· SP finalizes surveillance system compatibility test plan – Feb 2025

· Series of LDACS IPTF workshops to collect comments and provide recommendations to SP on compatibility test plans

· Identify and confirm compatibility test facilities and funding sources (including the validating of test plan feasibility by test facilities)

· Surveillance system compatibility testing completed by third parties – Jul 2025 (based on funding and test resource availability)

· Compatibility testing campaigns are expected to be performed by EUROCONTROL, China, Japan, with oversight from SP

· SP report back ongoing progress to LDACS IPTF, identifying any necessary changes to compatibility test plan/retesting

· SP reviews compatibility test results and provides to LDACS IPTF – October 2025 (based on provisional SP date)



Other systems compatibility/institutional issues.  

· Identify other compatibility issues to be addressed – Dec 2024

· Make available all LDACS supporting documentation for optional review

· Document all unresolved compatibility issues to be addressed (ICAO and non-ICAO)



Recommendations for the Annex 10 PfAs and any other ICAO documentation

· Produce recommendations for Annex 10 PfAs – Nov 2025

· Develop recommended solutions / mitigations to LDACS compatibility with other aviation systems and necessary Annex 10 Vol. III conditions (COM part only)

· Develop final compatibility criteria for frequency assignments (Vol V)

· Develop recommendations for Vol. I as necessary 

· Develop recommendations for Vol. IV as necessary

· Provide recommendations for the content update of LDACS standards material and relevant documentation 

· Identify the type of material and where it should be incorporated (such as LDACS technical manual, MOPS, Doc 9718, etc.).



Composition:

The LDACS IPTF Chair team will be representative(s) from the FSMP.



The core LDACS IPTF membership will be composed of representatives nominated by the Chairs of the CP-DCIWG, FSMP, NSP, and SP from their respective memberships.  Additional outside representatives may be authorized if their input is specifically requested by the LDACS IPTF Chair to support the work of the LDACS IPTF.



The LDACS IPTF Chair shall validate the membership and ensure the attendees are limited to core personnel with appropriate skills from the relevant panel members who will be an active part of the meeting discussions.  Such a process shall ensure the membership is maintained at suitable numbers to be manageable and support the outputs as quickly as possible.  



Working Arrangement:

The LDACS IPTF will convene monthly at or as a minimum to provide relevant updates and progress on the work, though additional meetings or offline correspondence may be proposed by the LDACS IPTF Chair as required subject to the work requirements. 



The LDACS IPTF shall operate until all deliverables have been completed and the respective CNS Panels have released their work to ICAO for final approval. 
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				Comments against test plan presented at ASWG/20 WP11.

				Comment number		Company		Section		Page		Subject		Description		Status		Resolution

				1		Frequentis		1.3		5		Compatibility Analysis Outcome		We would like to have more information on the compatibility analysis so that we can review it. It should be possible to derive the necessary test scenarios from this analysis and thus focus on the critical scenarios.		In Progress		SP provided compatibility analysis spreadsheet. Compatibility analysis methodology detailed in updated test plan Appendix A.

				2		Frequentis		1.3		6		Test a range of fielded surveillance systems, since receiver architectures differ		All Surveillance equipment has to meet the same performance requirements, and must be certified by the corresponding TSO/ETSO and should be designed based on best practice/state of the art RF design rules including required out of band signal rejection. In general the behavior shouldn't differ to much. 		In Progress		Only airborne systems receive TSO/ETSO - not the same for ground systems. For airborne systems current minimum performance standards do not contain requirements for out-of-band rejection. Preliminary testing has already shown differences in front-end behavior; therefore, it is clear that a range of receiver architectures should be tested.

				3		Frequentis		3.1.1 		9		reduction in reply efficiency is limited to 1 percent for a desired signal		Does this mean a reduction from 90% to 89% at MTL+3dB? How large is the measurement time interval to be able to measure such a small reduction and exclude the influence of normal fluctuations?  This compatibility criteria is unusual for surveillance systems and should be discussed.

See chapter 3.12.6 of ED73-E MOPS Mode S Transponder):
90% reply efficiency between -68 to -21 dBm at the presence of DME/TACAN interference with a level of -30dBm and 3600pps. In the presence of DME a degradation of up to 9 dB is acceptable. (MTL -74dBm - 3dB = -77 dBm)		In Progress		At MTL+3dB, the reply efficiency reduction is from 99% to 98%. 

The DME interference criteria in the MOPS is not an appropriate comparison as this is consdiering interference from a ground-based system and only occurs when close to an airport, as opposed to considering LDACS RL on-board an aircraft that could interfere at any time during a flight.

				4		Frequentis		3.1.3.1		11		maximum contiguous occupancy time interval		Justification for the 500µs in SP-ASWG20-WP15.1 refers to the existing systems (UAT) without analyzing the Mode A/C or Mode S system in more detail. 
Could we get more information on how a maximum contiguous occupancy time interval of 500µs is derived from the Mode A/C model?		In Progress		Latest test plan adds material to justify the maximum contiguous occupancy time.

				5		Frequentis		6.2.3.2		23		Test 2: Short-term Occupancy Impact Limit		"Transmit 555 interrogations spaced 18 microseconds from P1 lead edge to
P1 lead edge between successive Mode A interrogations over the period of 10 milliseconds" and verify the valid replies. 555 interrogation request per 10ms means 55500 interrogations per second, which is above the required capabilities.

See Reply rate capability Mode A/C (chapter 3.4 of ED73-E MOPS Mode S Transponder) 
Excerpt:
All transponder 500 Mode A/C 15 pulse replies per second
Class1:
1200 Mode A/C replies per second for a duration of 100ms
Class 2: 
1000 Mode A/C replies per second for a duration of 100 ms		In Progress		Latest test plan reduces the interrogation rate in the test.

				6		PT-T Rapporteur		3.2.1, 3.3.1, 3.3.2, 6.3.1, 6.4.1, 6.4.2		12
13
13
24
28
29		synchronized transmissions		What is the reason for testing with synchronized transmissions? How can realistic results been created from this approch?		In Progress		The reason for testing with synchronized transmissions is to limit the time of testing and ensure you'll see overlap of desired and undesired signals.

				7		PT-T Rapporteur		6.1ff		20ff		pass/fail		It seems to better to determine the required decoupling between the systems instead of applying fixed pass/fail criteria. The necessary decoupling is actually what is needed to establish compatibility.		In Progress		Test plan section 6.1 describes the range of powers and LDACS frequencies for which tests will be run. Each test has a pass/fail or acceptability criteria. The first set of tests are run at the lowest interference power level for a given LDACS transmit frequency. If all test results meet the acceptability criteria, test the next power level. If one of the tests does not meet the acceptability criteria, the tolerable interference power (and hence, decoupling required) is 1 dB below the power level at which the failure occurred.

				8		PT-T						The link budget analysis of the systems SSR Interrogator, ADS-B 1090 ES Ground, MLAT/WAM and Satellite ADS-B seems not feasible. (The used BW, MTL and required C/I do not match) 				Open

												For SSR interrogators (on ground), always the max. gain of the main beam is considered (28dBi). This is not realistic in two aspects. 
                             1. The antenna is turning with antenna turn times between approx. 1 and 15s and the main lobe has a bandwidth of about 3° (depending on antenna), i.e. the antenna is receiving the LDACS signal in the main beam only for a short time instance. 
                            2. The max. gain is only given for a certain elevation. Depending on the considered scenario (airborne vs. ground station or ground vs ground station), different elevation angles and with that different antenna gains apply

				9		PT-T						The cable loss and noise figure values of the receiver are missing, since the impacting the noise power for the I/N.  		It is unrealistic that anyone can provide general valid noise figures as these are vary from equipment to equipment. However, the used values for MTL, bandwidth and C/N should withstand a plausibility check and result in a realistic and achievable noise figure. This is not the case for satellite ADS-B and ADS-B 1090 MHz ground station		Open

				10		PT-T						Selectivity of the victim receiver		Even if the values for out-of-band suppression/rejection are only defined up to a certain frequency offset, this does not mean that these values should be continued to infinity. This is especially true for the ADS-B Satellite System. With these values you could easily show that the compatibility of DME with some surveillance system is impossible already today. 

We would need a proposal which value to assume? This is not a value documented in any standard. A reasonable proposal would help to get these values considered in the Excel. Can we assume a certain RX bandpass filter or can we derive a reasonable value from the fact that several L band systems already coexist?		Open

				11		PT-T						LDACS out of band transmission		The sheet only considers the TX mask – describing the maximum allowed out of channel power density - but not the additional out of band attenuation by an TX transmit filter or duplexer.		Open

				12		PT-T						Minimum separation distance for ground station to ground station scenario		The minimum distance of 1m for the ground station to ground station scenario is unrealistic. You can separate the LDACS GS from the surveillance ground system receiver as much as required. Nobody would ever consider installing the antennas of an MLAT receiver and an LDACS transmitter on the same antenna mast. 		Open

				13		PT-T						Satellite ADS-B ?		Why is the Satellite ADS-B system listed in this excel sheet? Isn’t the receiver only in the satellite? 

Are there also ground stations for the satellite ADS-B system? Is there any information about this system to verify that the values used in the calculations are correct?		Open

				14		Frequentis/ 
Rohde&Schwarz (R&S)		2		8		Table 1		The LDACS bandwidth should be changed to 498 kHz		new

				15		Rohde&Schwarz (R&S)		3.1.4		12 (new version)		Suppression Detection Criteria		Mentioning Mode A/C-Only All-Call is a bit misleading, when lateron P4 detection is not considered in the tests.		new

				16		Frequentis/ 
Rohde&Schwarz (R&S)		3.2.1 (and several other occurances)		13 (new version)		Distinction between tests with synchronized and unsynchronized transmissions		When always testing with 100% duty cycle for both LDACS FL and RL, the terms "synchronised" and "unsynchronised" do not  make sense anymore. In case a lower duty cycle is tested in the reverse link, the degree of overlap should be specified		new

				17		Frequentis/ 
Rohde&Schwarz (R&S)		3.2.2, last paragraph
3.2.3		14 (new version)		Impact on the probability of message decoding using unsynchronized transmissions 		Where is the performance criterion coming from? Doesn't it make sense to keep the test criteria for different systems as close as possible and check the probability of detection as well as the probability of correct decoding at MTL?		new

				18		Frequentis/ 
Rohde&Schwarz (R&S)		last two paragraphs of 3.2.2		14 (new version)		Unclear description		The objective and performance criterion ("difference between the sum of the probability of correct decoding and the sum of the probability of false decoding is less than 5% + error of measurement") of this test is not clear.		new

				19		Frequentis/ 
Rohde&Schwarz (R&S)		3.4.1		15 (new version)		SSR: Impact on detection performance		- performance criterion should be written +/- 0.1% (more likely -0.1%), shouldn't it?
- at which power level is this tested/appliacable? Over entire dynamic range, i.e. from MDL+3dB to -22 dBm?
- it is a common approach to test SSR receiver performance under FRUIT conditions. Has it been considered to use FRUIT for these tests as well? It is considered in the ADS-B tests.		new

				20		Frequentis/ 
Rohde&Schwarz (R&S)		3.4.2		16 (new version)		SSR: Impact on off-boresight angle (OBA) measurement		Standard deviation strongly depends on the used antenna and receiver processing. To make test results independent of that, it is proposed to define the degradation due to interference in x% (e.g. 10%) of the original standard deviation 		new

				21				3.5.1		16 (new version)		MLAT/WAM: Impact on receiver range reception in presence of the interfering signal		Is  ETSI EN 303 489  the correct reference? Shouldn‘t it be ETSI EN 303 213-5-1 V2.1.1. The mentioned sensitivity level together with the bandwidth of the receiver and the required C/N would result in an unrealistic low NF of the receiver system.		new

				22		Frequentis/ 
Rohde&Schwarz (R&S)		4.1		18 (new version)		LDACS Equipment Setup		second bullet should be revised depending of LDACS duty cycle that should be tested		new

				23		Rohde&Schwarz (R&S)		4.5		22 (new version)		1090 MHz SSR Test Setup		The test setup with RES/RASS-S is described in much detail. However, it would be good to add more details relevant for the test such as the used antenna pattern, target scenario etc.		new

				24		Frequentis/ 
Rohde&Schwarz (R&S)		6		33 ff (new version)		Surveillance Systems Measurement Procedures		general remarks, that should be considered in all procedures:
- it would be good to harmonise the procedures as much as possible to get comparable results for similar system
- used LDACS equipment should be pre-tested to show that TX spectral mask is fulfilled
- other UUT should be pre-tested as well to verify MTL and selectivity (MTL pre-test already is considered in some procedures)
- test results should be documented in more detail, not just pass or fail. Measured values without and with interference (with different power levels and frequencies) should be noted
- test period should be long enough to get stable and reproducible results. In some test procedures it is already mentioned that tests have to be repeated a few times to show stability. This should be added to all procedures.
- in some test procedures the LDACS frequency and power sweeps are mentioned explicitly. Some others just mention interference, other just mention LDACS FL interference, while it is assumed that both FL and RL are tested. This should be harmonised and clarified.		new

				25		Frequentis/ 
Rohde&Schwarz (R&S)		6.1		33 (new version)		LDACS Channel and Power Sweep Procedures		The min. RL Power in Table 7 does not seem to match the value from Table 5. If this is just misunderstand, a brief explanation would be helpful.
Explanation for the values in Table 8 would be helpful as well.		new

				26		Frequentis/ 
Rohde&Schwarz (R&S)		6.1		34 (new version)		LDACS Channel and Power Sweep Procedures		The description of the power sweep already include a remark that step size has to be decreased from 5 dB to 1 dB in case of a failure. It would be good to add that the range has to be extended beyond the limits to get an idea of the point where the pass starts		new

				27		Frequentis/ 
Rohde&Schwarz (R&S)		6.2.3		38 (new version)		Transponder Occupancy Measurement Procedure 		The test procedure and the correspondence to the description in Chapter 3 is not clear.
100-microsecond spacing between interrogations do not seem to be realistic operating conditions for a transponder		new

				28		Frequentis/ 
Rohde&Schwarz (R&S)		6.3		40 (new version)		1090 MHz ADS-B Measurement Procedure		in procedure (e.g. 6.3.1.2) power level resulting in <90% decoding success and power level for >=90% is determined. MTL is calculated by linear interpolation between these two points. It is proposed to adapt this approach to other procedures by just reducing step size for finding the MTL. If no stable results can be achieved, the measured MTL can just be rounded to the next integer.		new

				29		Frequentis/ 
Rohde&Schwarz (R&S)		6.3		40 (new version)		1090 MHz ADS-B Measurement Procedure		error of measurement is mentioned several times but it is not clear how this value will be determined		new

				30		Frequentis/ 
Rohde&Schwarz (R&S)		6.3.3		43 (new version)		Performance of decoding overlapped messages		tests are done with FRUIT. To achieve reproducible results, FRUIT should be specified in terms of rate, power distribution and format		new

				31		Frequentis/ 
Rohde&Schwarz (R&S)		6.5		47 (new version)		1090 MHz SSR Measurement Procedure		from the description of the scenario in 6.5.1 it is not clear which RX power level is created with the used scenario. If it is not possible to specify it in advance, a note should be added to document it in the test report
- scenario in 6.5.2 could also be specified in more detail by adding target at x%, y%,... of maximum range instead of "aircraft located at different ranges"		new

				32		Rohde&Schwarz (R&S)		Annex A.2		53 (new version)		Calculations		- RL duty cycle is given. Value is correct, but it is misleading since duty cycle is not considered in the calculations. It would be good to add a note to avoid misunderstanding.
- For RX selectivity a note would be beneficial as well, saying that for higher frequency offsets, the lowest selectivity values are extrapolated while in reality the value goes down to out-of-band noise		new
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		Comments against test plan presented at ASWG/20 WP11.

		Comment number		Company		Section		Page		Subject		Description		Status		Resolution

		1		Frequentis		1.3		5		Compatibility Analysis Outcome		We would like to have more information on the compatibility analysis so that we can review it. It should be possible to derive the necessary test scenarios from this analysis and thus focus on the critical scenarios.		Adjudicated		SP provided compatibility analysis spreadsheet. Compatibility analysis methodology detailed in updated test plan Appendix A.

		2		Frequentis		1.3		6		Test a range of fielded surveillance systems, since receiver architectures differ		All Surveillance equipment has to meet the same performance requirements, and must be certified by the corresponding TSO/ETSO and should be designed based on best practice/state of the art RF design rules including required out of band signal rejection. In general the behavior shouldn't differ to much. 		Adjudicated		Only airborne systems receive TSO/ETSO - not the same for ground systems. For airborne systems current minimum performance standards do not contain requirements for out-of-band rejection. Preliminary testing has already shown differences in front-end behavior; therefore, it is clear that a range of receiver architectures should be tested.

		3		Frequentis		3.1.1 		9		reduction in reply efficiency is limited to 1 percent for a desired signal		Does this mean a reduction from 90% to 89% at MTL+3dB? How large is the measurement time interval to be able to measure such a small reduction and exclude the influence of normal fluctuations?  This compatibility criteria is unusual for surveillance systems and should be discussed.

See chapter 3.12.6 of ED73-E MOPS Mode S Transponder):
90% reply efficiency between -68 to -21 dBm at the presence of DME/TACAN interference with a level of -30dBm and 3600pps. In the presence of DME a degradation of up to 9 dB is acceptable. (MTL -74dBm - 3dB = -77 dBm)		Adjudicated		At MTL+3dB, the reply efficiency reduction is from 99% to 98%. 

The DME interference criteria in the MOPS is not an appropriate comparison as this is consdiering interference from a ground-based system and only occurs when close to an airport, as opposed to considering LDACS RL on-board an aircraft that could interfere at any time during a flight.

		4		Frequentis		3.1.3.1		11		maximum contiguous occupancy time interval		Justification for the 500µs in SP-ASWG20-WP15.1 refers to the existing systems (UAT) without analyzing the Mode A/C or Mode S system in more detail. 
Could we get more information on how a maximum contiguous occupancy time interval of 500µs is derived from the Mode A/C model?		Adjudicated		Latest test plan adds material to justify the maximum contiguous occupancy time.

		4a		Frequentis/ 
Rohde&Schwarz (R&S)		3.1.3.1		12 (new version)		maximum contiguous occupancy time interval + duty cycle 		it is understood that 500us occupancy are acceptable for the surveillance systems.  It is still unclear, how this value was derived from the Mode A/C or Mode S system behaviour. It was argued that 430 microseconds are acceptable, but no arguments that e.g. 1ms are not acceptable. In addition, it is not clear how this is considered in the tests with LDACS interference.
With respect to LDACS, the conclusion is that LDACS will not /cannot employ the mutual supression bus. As aconsequence, tests are conducted with 100% LDACS duty cycle, also in the reverse link. If this is correct, it would be good to mention this in the paper to facilite the understanding of the derived test procedure.		new

		4b		Frequentis/ 
Rohde&Schwarz (R&S)		3.1.3.2		12 (new version)		Maximum short-term transponder occupancy		No explanation how the 5% within 10ms were derived from the Mode A/C and Mode S system. Where are these values coming from "A maximum reduction of 5% in reply efficiency in any 10 millisecond interval is the specified limit."?		new

		5		Frequentis		6.2.3.2		23		Test 2: Short-term Occupancy Impact Limit		"Transmit 555 interrogations spaced 18 microseconds from P1 lead edge to
P1 lead edge between successive Mode A interrogations over the period of 10 milliseconds" and verify the valid replies. 555 interrogation request per 10ms means 55500 interrogations per second, which is above the required capabilities.

See Reply rate capability Mode A/C (chapter 3.4 of ED73-E MOPS Mode S Transponder) 
Excerpt:
All transponder 500 Mode A/C 15 pulse replies per second
Class1:
1200 Mode A/C replies per second for a duration of 100ms
Class 2: 
1000 Mode A/C replies per second for a duration of 100 ms		Adjudicated		Latest test plan reduces the interrogation rate in the test.

		6		PT-T Rapporteur		3.2.1, 3.3.1, 3.3.2, 6.3.1, 6.4.1, 6.4.2		12
13
13
24
28
29		synchronized transmissions		What is the reason for testing with synchronized transmissions? How can realistic results been created from this approch?		Adjudicated		The reason for testing with synchronized transmissions is to limit the time of testing and ensure you'll see overlap of desired and undesired signals.

		7		PT-T Rapporteur		6.1ff		20ff		pass/fail		It seems to better to determine the required decoupling between the systems instead of applying fixed pass/fail criteria. The necessary decoupling is actually what is needed to establish compatibility.		Adjudicated		Test plan section 6.1 describes the range of powers and LDACS frequencies for which tests will be run. Each test has a pass/fail or acceptability criteria. The first set of tests are run at the lowest interference power level for a given LDACS transmit frequency. If all test results meet the acceptability criteria, test the next power level. If one of the tests does not meet the acceptability criteria, the tolerable interference power (and hence, decoupling required) is 1 dB below the power level at which the failure occurred.

		8		Frequentis/ 
Rohde&Schwarz (R&S)		2		8		Table 1		The LDACS bandwidth should be changed to 498 kHz		new		Changed in test plan

		9		Rohde&Schwarz (R&S)		3.1.4		12 (new version)		Suppression Detection Criteria		Mentioning Mode A/C-Only All-Call is a bit misleading, when lateron P4 detection is not considered in the tests.		new		Removed mention of Mode A/C-only All-call. 

		10		Frequentis/ 
Rohde&Schwarz (R&S)		3.2.1 (and several other occurances)		13 (new version)		Distinction between tests with synchronized and unsynchronized transmissions		When always testing with 100% duty cycle for both LDACS FL and RL, the terms "synchronised" and "unsynchronised" do not  make sense anymore. In case a lower duty cycle is tested in the reverse link, the degree of overlap should be specified		new		The degree of overlap is specified. For example, see 6.3.1.1 Step 8 (ADS-B receiver). The note in Step 8 is also repeated now in 3.2.1.

Similar changes were also made to the ACAS receiver tests.

		11		Frequentis/ 
Rohde&Schwarz (R&S)		3.2.2, last paragraph
3.2.3		14 (new version)		Impact on the probability of message decoding using unsynchronized transmissions 		Where is the performance criterion coming from? Doesn't it make sense to keep the test criteria for different systems as close as possible and check the probability of detection as well as the probability of correct decoding at MTL?		new		The performance criteria proposed is based on subject matter expert consensus.

More clarification is needed for concern in the second question.

		12		Frequentis/ 
Rohde&Schwarz (R&S)		last two paragraphs of 3.2.2		14 (new version)		Unclear description		The objective and performance criterion ("difference between the sum of the probability of correct decoding and the sum of the probability of false decoding is less than 5% + error of measurement") of this test is not clear.		new		The performance criteria for this test was re-worded to provide further clarification. 

		13		Frequentis/ 
Rohde&Schwarz (R&S)		3.4.1		15 (new version)		SSR: Impact on detection performance		- performance criterion should be written +/- 0.1% (more likely -0.1%), shouldn't it?
- at which power level is this tested/appliacable? Over entire dynamic range, i.e. from MDL+3dB to -22 dBm?
- it is a common approach to test SSR receiver performance under FRUIT conditions. Has it been considered to use FRUIT for these tests as well? It is considered in the ADS-B tests.		new		-Agreed. Clarified to say "within 0.1%."
-The test procedure (6.5.1) specifies the setup of the RASS-S with an aircraft located at 250 NM (max range)and using the minimum acceptable transmitter power. The power level at the SSR receiver is derived from these inputs plus assumptions within the RASS-S on propogation and antenna gain.
-We considered a background FRUIT environment, but decided to not mix the random effects of FRUIT and LDACS transmissions. It is done for ADS-B receiver because there is a requirement for decoding of overlapped messages.

		14		Frequentis/ 
Rohde&Schwarz (R&S)		3.4.2		16 (new version)		SSR: Impact on off-boresight angle (OBA) measurement		Standard deviation strongly depends on the used antenna and receiver processing. To make test results independent of that, it is proposed to define the degradation due to interference in x% (e.g. 10%) of the original standard deviation 		new		The test will be performed with the antenna pattern and receiver provided by the manufacturer. The test procedure already defines a maximum variance from the baseline standard deviation. Some wording changes have been made in the test plan for clarity.

		15				3.5.1		16 (new version)		MLAT/WAM: Impact on receiver range reception in presence of the interfering signal		Is  ETSI EN 303 489  the correct reference? Shouldn‘t it be ETSI EN 303 213-5-1 V2.1.1. The mentioned sensitivity level together with the bandwidth of the receiver and the required C/N would result in an unrealistic low NF of the receiver system.		new		ETSI EN 303 489 v0.0.23 is the correct document for MLAT/WAM, but is marked as "draft" on the ETSI website. ETSI EN 303 213-5-1 is for surface MLAT and the bandwidth used for this system was also assumed for MLAT/WAM in the compatibility analysis. However, we note the second comment about the unrealistic NF and after further review have adjusted the BW to 8 MHz to more accurately reflect receiver implementations.

		16		Frequentis/ 
Rohde&Schwarz (R&S)		4.1		18 (new version)		LDACS Equipment Setup		second bullet should be revised depending of LDACS duty cycle that should be tested		new		Revised the second bullet to call out that each test procedure will define the LDACS duty cycle used for the test.

		17		Rohde&Schwarz (R&S)		4.5		22 (new version)		1090 MHz SSR Test Setup		The test setup with RES/RASS-S is described in much detail. However, it would be good to add more details relevant for the test such as the used antenna pattern, target scenario etc.		new		The details requested here are not necessary for the test plan. However, further details on configurations can be provided with the test results.

		18		Frequentis/ 
Rohde&Schwarz (R&S)		6		33 ff (new version)		Surveillance Systems Measurement Procedures		general remarks, that should be considered in all procedures:
- it would be good to harmonise the procedures as much as possible to get comparable results for similar system
- used LDACS equipment should be pre-tested to show that TX spectral mask is fulfilled
- other UUT should be pre-tested as well to verify MTL and selectivity (MTL pre-test already is considered in some procedures)
- test results should be documented in more detail, not just pass or fail. Measured values without and with interference (with different power levels and frequencies) should be noted
- test period should be long enough to get stable and reproducible results. In some test procedures it is already mentioned that tests have to be repeated a few times to show stability. This should be added to all procedures.
- in some test procedures the LDACS frequency and power sweeps are mentioned explicitly. Some others just mention interference, other just mention LDACS FL interference, while it is assumed that both FL and RL are tested. This should be harmonised and clarified.		new		-Noted and could be considered in the future.
-Added bullet in 4.1 for measurement of the LDACS transmit spectrum mask to ensure it is not exceeded
-Surveillance receiver test procedures already include MTL verification. There is no need to measure selectivity for the purpose of these tests.
-The test procedure does not prevent a tester from reporting more detail; however, it is not required.
-All tests have procedures intended to ensure measurement stability.
-Noted. Will verify that test procedures reference power and frequency sweep procedures in 6.1. In each test procedure, the different combination of LDACS power level and channel frequency are covered by the use of the words "interfering signal" in bold, which is defined in 6.1.

		19		Frequentis/ 
Rohde&Schwarz (R&S)		6.1		33 (new version)		LDACS Channel and Power Sweep Procedures		The min. RL Power in Table 7 does not seem to match the value from Table 5. If this is just misunderstand, a brief explanation would be helpful.
Explanation for the values in Table 8 would be helpful as well.		new		This is a misunderstanding; however, Table 5 will be modified to match the values in Table 7.

The values in Table 8 are the result of applying ITU Resolution 417, per the proposed LDACS SARPs.

		20		Frequentis/ 
Rohde&Schwarz (R&S)		6.1		34 (new version)		LDACS Channel and Power Sweep Procedures		The description of the power sweep already include a remark that step size has to be decreased from 5 dB to 1 dB in case of a failure. It would be good to add that the range has to be extended beyond the limits to get an idea of the point where the pass starts		new		The power/frequency sweep procedure description has been updated to take the comment into account.

		21		Frequentis/ 
Rohde&Schwarz (R&S)		6.2.3		38 (new version)		Transponder Occupancy Measurement Procedure 		The test procedure and the correspondence to the description in Chapter 3 is not clear.
100-microsecond spacing between interrogations do not seem to be realistic operating conditions for a transponder		new		The test procedure is not meant to be a realistic operating condition, but a means to determine the reply rate capability of the unit under test. The test procedure will add text to note this.

		22		Frequentis/ 
Rohde&Schwarz (R&S)		6.3		40 (new version)		1090 MHz ADS-B Measurement Procedure		in procedure (e.g. 6.3.1.2) power level resulting in <90% decoding success and power level for >=90% is determined. MTL is calculated by linear interpolation between these two points. It is proposed to adapt this approach to other procedures by just reducing step size for finding the MTL. If no stable results can be achieved, the measured MTL can just be rounded to the next integer.		new		This procedure has been successfully used during initial LDACS testing to measure the reduction of MTL rather than the reduction of probability of decode.

		23		Frequentis/ 
Rohde&Schwarz (R&S)		6.3		40 (new version)		1090 MHz ADS-B Measurement Procedure		error of measurement is mentioned several times but it is not clear how this value will be determined		new		The intention is add guidance for determining measurement error for all test procedures.

		24		Frequentis/ 
Rohde&Schwarz (R&S)		6.3.3		43 (new version)		Performance of decoding overlapped messages		tests are done with FRUIT. To achieve reproducible results, FRUIT should be specified in terms of rate, power distribution and format		new		The performance will be measured for each relative power difference, as specified in the table. The format is defined as Mode S. No need to define a rate because the test is creating an overlapping Mode S message scenario.

		25		Frequentis/ 
Rohde&Schwarz (R&S)		6.5		47 (new version)		1090 MHz SSR Measurement Procedure		from the description of the scenario in 6.5.1 it is not clear which RX power level is created with the used scenario. If it is not possible to specify it in advance, a note should be added to document it in the test report
- scenario in 6.5.2 could also be specified in more detail by adding target at x%, y%,... of maximum range instead of "aircraft located at different ranges"		new		-The test procedure (6.5.1) specifies the setup of the RASS-S with an aircraft located at 250 NM (max range)and using the minimum acceptable transmitter power. Test procedure now has a step to record the received power level from the simulated aircraft.
-In 6.5.2, added that ranges of aircraft in the scenario will be specified using 10 NM steps

		26		Rohde&Schwarz (R&S)		Annex A.2		53 (new version)		Calculations		- RL duty cycle is given. Value is correct, but it is misleading since duty cycle is not considered in the calculations. It would be good to add a note to avoid misunderstanding.
- For RX selectivity a note would be beneficial as well, saying that for higher frequency offsets, the lowest selectivity values are extrapolated while in reality the value goes down to out-of-band noise		new		-The duty cycle has been removed from A.2 and the compatibility analysis spreadsheet to avoid confusion.
-Added a note in A.2.2.1 to address this comment.

		27		PT-T						The link budget analysis of the systems SSR Interrogator, ADS-B 1090 ES Ground, MLAT/WAM and Satellite ADS-B seems not feasible. (The used BW, MTL and required C/I do not match) 		For SSR interrogators (on ground), always the max. gain of the main beam is considered (28dBi). This is not realistic in two aspects. 
                             1. The antenna is turning with antenna turn times between approx. 1 and 15s and the main lobe has a bandwidth of about 3° (depending on antenna), i.e. the antenna is receiving the LDACS signal in the main beam only for a short time instance. 
                            2. The max. gain is only given for a certain elevation. Depending on the considered scenario (airborne vs. ground station or ground vs ground station), different elevation angles and with that different antenna gains apply		new		-An LDACS burst during the time that an SSR is eliciting replies from a transponder can prevent replies and subsequent target plot. For SSR operation, compatibility must be achieved for transponder replies in the mainbeam from which target reports are generated; therefore it is necessary to consider this scenario.
-A scenario has been added in the compatibility analysis for LDACS FL to SSR that assumes an antenna gain value that is more realistic at low elevation angles.

		28		PT-T						The cable loss and noise figure values of the receiver are missing, since the impacting the noise power for the I/N.  		It is unrealistic that anyone can provide general valid noise figures as these are vary from equipment to equipment. However, the used values for MTL, bandwidth and C/N should withstand a plausibility check and result in a realistic and achievable noise figure. This is not the case for satellite ADS-B and ADS-B 1090 MHz ground station		new		We note the comment about the unrealistic NF for the ADS-B 1090 MHz ground station and after further review have adjusted the BW to 8 MHz to more accurately reflect receiver implementations. For Satellite ADS-B, we were given the values used in the compatibility analysis and are working to verify this data.

		29		PT-T						Selectivity of the victim receiver		Even if the values for out-of-band suppression/rejection are only defined up to a certain frequency offset, this does not mean that these values should be continued to infinity. This is especially true for the ADS-B Satellite System. With these values you could easily show that the compatibility of DME with some surveillance system is impossible already today. 

We would need a proposal which value to assume? This is not a value documented in any standard. A reasonable proposal would help to get these values considered in the Excel. Can we assume a certain RX bandpass filter or can we derive a reasonable value from the fact that several L band systems already coexist?		new		-Added a note in A.2.2.1 to address this comment.

		30		PT-T						LDACS out of band transmission		The sheet only considers the TX mask – describing the maximum allowed out of channel power density - but not the additional out of band attenuation by an TX transmit filter or duplexer.		new		The addition of a duplexer would only change the unwanted emissions levels that are in-band to surveillance receivers. It would not change the LDACS fundamental power level. The compatibility analysis has shown that in-band interference is generally not an issue. Attenuation due to the duplexer is not specified in the SARPs.

		31		PT-T						Minimum separation distance for ground station to ground station scenario		The minimum distance of 1m for the ground station to ground station scenario is unrealistic. You can separate the LDACS GS from the surveillance ground system receiver as much as required. Nobody would ever consider installing the antennas of an MLAT receiver and an LDACS transmitter on the same antenna mast. 		new		There is no requirement in the SARPs preventing the LDACS GS antenna and a surveillance system receiver from being co-located. The outcome of testing could determine a minimum separation distance.

		32		PT-T						Satellite ADS-B ?		Why is the Satellite ADS-B system listed in this excel sheet? Isn’t the receiver only in the satellite? 

Are there also ground stations for the satellite ADS-B system? Is there any information about this system to verify that the values used in the calculations are correct?		new		The ADS-B receiver is only on the satellite. We were given the values used in the compatibility analysis and are working to verify this data.
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Rationale:

Ensures that DME interrogators meet their minimum requirements under realistic test environment.

Knowledge of DME performance with DME EPE only provides an unambiguous basis to determine the performance degradation due to LDACS in step 2.

Choice of EPE to be discussed (next slide)

Failure of the pre-qualification test must not block IPTF work

Nevertheless it is recognised that failure of the pre-qualification tests would require urgent action from NSP, CAA and network managers (eg, modification of MOPS requirement, modification of DME frequency plan, …) in order to resolve the issue and to make sure DME operate safely. 



Note - The two steps do not preclude the measurements being taken in the same campaign in the interests of time and resource efficiency.



Execution of LDACS/DME tests in two notional steps:







Step 1



Pre-qualification tests:

Injection of DME EPE only into DME interrogators and measure 1st data point





Step 2



Tests with additive LDACS:

Injection of LDACS signal + DME EPE and measure 2nd data point









Way forward on DME EPE proposed by IPTF rapporteurs – Choice of EPE

17/01/2025

2

		 		EPE derived from MOPS						EPE proposed by NSP		Tests with different EPE*

		Principle		Co-freq signal rejection test conditions:
• 3600 pps interfering signal
• D/U=-8 dB (same pulse pair code)		First adjacent frequency signal rejection test conditions:
• DME interfering signal at +- 900 kHz from the desired signal
• D/U=+42 dB
• Sensitivity req shall not degrade by more than 3 dB		Other adjacent channel signal rejection test conditions:
• DME interfering signal at +-2 MHz
• D/U=+50 dB
• Sensitivity req shall not degrade by more than 3 dB		EPE derived from European usage of DME frequency plan and is likely not representative for other regions		Different tests are run with several EPE level derived from realistic usage of DME channels
• Worst case EPE
• « Medium » EPE
• « Low » EPE

		Advantages		All certified DME interrogators will in principle pass the prequalification test						Realism in terms of the exposure scenarios experienced by receivers		• Facilitate the extrapolation of test results to different DME self-interference environment

		Drawbacks		The MOPS parameters consider a model different in nature compared to the real DME self-interference environment, and therefore could be different for equipment to meet in the presence of other interference.						Results will only be applicable for worst-case EPE, making its adaptation to softer DME self-interference environment difficult		• Complexity and therefore duration of campaign



* « Tests with different EPE » consist in testing the DME interrogator with several EPE representing different DME interfering environments, in order not to only have results for the worst case.





Execution of LDACS/DME tests (Proposed by Frequentis)

Step 0a: It is ensured that the DME interrogators conform to the standard and meet its minimum requirements under realistic test environment. -> Not passing the pre-qualification test must not block IPTF work.

Step 0b: Ensure that the LDACS equipment complies with the LDACS specifications (SARPS etc.)  

Step 1: Ensure that only the effects of LDACS on DME are measured, allowing the determination of compatibility criteria that prevent inefficient use of the L-band.

Step 2: By knowing the DME performance with LDACS + DME EPE, the additional performance degradation due to self-interference is determined. This allows stricter LDACS frequency planning criteria to be applied in areas with increased self-interference. (In case 2 categories are to be introduced)

























Step 0a

compliance tests for DME:

Including tests with the proposed DME EPE 





Step 1

Compatibility Tests with LDACS:

measure 1st data point







Step 0b

compliance tests for LDACS:





Step 2

Compatibility Tests adding DME EPE 

Injection of LDACS + DME EPE and measure 2nd data point



Pre-qualification phase











image1.jpg

MINISTERE
CHARGE
DES TRANSPORTS






image5.png







image4.png









o YIS SorRRG on DN EYE prajiow bt iEaT:
% rapporteurs A






image5.emf
LDACS IPTF7 Flimsy  on EPE Alternatives.docx


LDACS IPTF7 Flimsy on EPE Alternatives.docx
Flimsy on EPE Alternatives

LDACS IPTF7, 14 FEB 2025, G. Berz and V. Vitan, EUROCONTROL NAV Team



Introduction

The use of a DME EPE has an established legacy in managing the compatibility of DME and JTIDS/MIDS. JTIDS/MIDS is making use of “remaining available pulse space” given the current deployment of DME. While a representative worst case EPE for Europe has been derived and proposed for compatibility testing, the concern from the LDACS community is understood, wondering whether this is really representative of a global worst case EPE, since any compatibility-test-derived frequency assignment planning criteria should be valid globally. It also doesn’t cater to any future evolution of the DME EPE in Europe, even if, given channel saturation and limitations in “worst case” future traffic growth, it is not expected that this EPE would worsen substantially.

Therefore, alternatives to getting to a “realistic working point” of the DME pulse load are being considered. From experience with DME interrogator testing, it is noted that many of the DME performance requirements are specified at a reply efficiency of 70%. The alternative proposal would therefore be to perform LDACS compatibility tests with whatever EPE would result in interrogator operation at a 70% reply efficiency. It should be noted that these are “on channel” interrogations from other aircraft, which could also be called self-interference or air to air interference. This means that any adjacent channel interrogations would no longer be part of this testing. The argument to support this would be that today’s normal operating points, with conservative margin, should be some margin above 70% reply efficiency. So rather than adding adjacent channel EPE, the extra EPE to account for the adjacent channels, is then added fully on-channel, therefore representing a more demanding EPE than would be the case with the more complex, adjacent channel EPE. This does have the advantage that generating the EPE will be simpler.

Testing at a 70% reply efficiency should be more robust for uniform global implementation without needing to take local constraints into consideration. Compatibility testing is expected to apply LDACS interference to the DME units under test at 70% reply efficiency until they break stable operation (BSOP). Once the BSOP region is entered, LDACS interference could be attenuated again until stable operation is reacquired (ASOP). The power level corresponding to this ASOP would then be the one that could be used for D/U ratios supporting frequency assignment planning.

The purpose of this paper is to review DME requirements in the SARPs and the interrogator MOPS to see whether testing at a 70% reply efficiency is supported by being traceable to such standards. 

It should be noted that this is only an initial proposal for consideration by the IPTF. If the approach is considered to be promising, further work may be needed to have a clear argumentation and clear associated test procedures.

The rest of the paper shows extracts of Annex 10 Vol I on DME and extracts of RTCA DO-189, followed by a summary and a conclusion.




ICAO Annex 10 Vol. 1

3.5.4.1 Transmitter

3.5.4.1.5 Peak power output



3.5.4.1.5.1 DME/N. Recommendation.— The peak EIRP should not be less than that required to ensure a peak pulse power density of approximately minus 83 dBW/m2 at the maximum specified service range and level.



‡3.5.4.1.5.2 DME/N. The peak equivalent isotropically radiated power shall not be less than that required to ensure a peak pulse power density of minus 89 dBW/m2 under all operational weather conditions at any point within coverage specified in 3.5.3.1.2.



Note.— Although the Standard in 3.5.4.1.5.2 implies an improved interrogator receiver sensitivity, it is intended that the power density specified in 3.5.4.1.5.1 be available at the maximum specified service range and level.



3.5.4.2.3 Transponder sensitivity



3.5.4.2.3.1 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:

a) minus 103 dBW/m2 for DME/N with coverage range greater than 56 km (30 NM);

b) minus 93 dBW/m2 for DME/N with coverage range not greater than 56 km (30 NM);

c) minus 86 dBW/m2 for DME/P IA mode;

d) minus 75 dBW/m2 for DME/P FA mode.



3.5.4.2.3.2 The minimum power densities specified in 3.5.4.2.3.1 shall cause the transponder to reply with an

efficiency of at least:

a) 70 per cent for DME/N;

b) 70 per cent for DME/P IA mode;

c) 80 per cent for DME/P FA mode.



‡3.5.4.2.3.3 DME/N 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 3.5.4.2.3.1 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.



3.5.4.2.6.5 Signals greater than 900 kHz removed from the desired channel nominal frequency and having power densities up to the values specified in 3.5.4.2.3.3 for DME/N and 3.5.4.2.3.4 for DME/P 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 1 215 MHz band and image frequencies shall be suppressed at least 75 dB.



3.5.4.2.3.5 The transponder sensitivity level shall not vary by more than 1 dB for transponder loadings between 0 and 90 per cent of its maximum transmission rate.



3.5.4.6 Efficiency

3.5.4.6.1 The transponder reply efficiency shall be at least 70 per cent for DME/N and DME/P (IA mode) and

80 per cent for DME/P (FA mode) at all values of transponder loading up to the loading corresponding to 3.5.3.5 and at the minimum sensitivity level specified in 3.5.4.2.3.1 and 3.5.4.2.3.5.

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.



3.5.4.6.2 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 for DME/N and DME/P IA mode.





3.5.5 Technical characteristics of interrogator



3.5.5.3.2 Receiver sensitivity



‡3.5.5.3.2.1 DME/N. The airborne equipment sensitivity shall be sufficient to acquire and provide distance information to the accuracy specified in 3.5.5.4 for the signal power density specified in 3.5.4.1.5.2.



Note.— Although the Standard in 3.5.5.3.2.1 is for DME/N interrogators, the receiver sensitivity is better than that necessary in order to operate with the power density of DME/N transponders given in 3.5.4.1.5.1 in order to assure interoperability with the IA mode of DME/P transponders.



‡3.5.5.3.4.2 DME/N. DME signals greater than 900 kHz removed from the desired channel nominal frequency and having amplitudes up to 42 dB above the threshold sensitivity shall be rejected.
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Comments and Test conditions



· Air-to-Air interference 2.2.1 (Accuracy)
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“Air-to-Air” name is a bit confusing, as I understand it this represents replies to other interrogators on the same channel (or fruit).   

I could not find a specific test condition for this air-to-air interference for DME N. The interferer  test set included in the test setup is not used in the accuracy test (2.5.3.1).



Resilience to squitter is specified in 2.2.1 e. (up to 4000 ppps) and tested in 2.5.3.1 d.



I think the only difference btw fruit and squitter is that the fruit can have higher signal level 



For DME-P it is tested (2.5.5.1)
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2.2.8 Receiver sensitivity
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2.2.1 e. specifies a squitter rate btw 700 and 4000 ppps; does it apply for the ASOP test ?



Acoording to the test conditions in 2.5.3.8 a standard test signal shall be applied which is defined in Appendix C and includes a fixed squitter rate of 2700 ppps. 
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Interesting that the test description instructs to apply the standard test signal (which has a 100 % reply efficiency) and then refers to 70% reply efficiency. Probably an editorial, but in the Off/ON code Off/On frequency signal rejection tests only the standard test signal is mentioned. 


[bookmark: _Hlk190263389]Off/ON code Off/On frequency signal rejection



As per 2.2.10, all Off/On code Off/On frequency signal rejection shall satisfy receiver sensitivity requirement 2.2.8 b (ASOP)



2.2.8 b. is defined with the test signal having a reply efficiency of 70%



But the tests for Off/ON code Off/On frequency signal rejection refer to a standard test signal (which has a reply efficiency of 100% according to appendix C). Example below, same standard test signal used for the other tests.
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Summary

· Air-to-air interference (fruit) tests not found (although mentioned in accuracy requirements up to 3000 pp/s)

· Receiver sensitivity (ASOP) tested with 70% reply efficiency and 2700 pp/s squitter but no fruit.

· Not clear if the Off/ON code Off/On frequency signal rejection requirements apply at 70% efficiency or 100% efficiency (100% according to the tests description, since a standard test signal is to be used).

· An argument could be indeed made that the end result of the EPE would be equivalent to a higher fruit level. 

· But how much higher? And at what signal level? 

· The fruit specified in the accuracy requirement (3000 pp/s with 10 dB higher than the minimum signal level of -80 dBm) could be already worse than the impact of EPE 



CONCLUSION: Requirements traceability to testing at a 70% reply efficiency is not fully clear, some questions remain open.
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2.2.10.3

Off-Frequency Off-Code Rejection

For a desired signal of -80 dBm the interrogator shall satisfy
2.2.8 b. when the interfering signal is:

a. on the '1ma‘ge frequency (in band 960-1215);

b. has a pulse rate of 3,600 randomly occurring pp/s;
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c. has pulse pair spacing +3 microseconds from the desired code;

d. amplitude 62 dB greater than the desired signal level.
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2.3

DME/P Performance - Standard Conditions
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2.3.1.3

Accuracy in the Presence of Garble

The following degradation in the presence of garble applies to both
Standard 1 and Standard 2. In the presence of 16,200 random DME
pulse pairs per second, which are equally distributed between
on-frequency and the higher and lower first and second adjacent
frequencies, the following shall apply with 957 probability with a
test reply efficiency of 707.

NOTE 1: The intent of this specification is to be a stress test of
the interrogator garble rejection capability. The
anticipated traffic loading environment will be less
severe.

NOTE 2: The accuracy degradation for each error component, PFE and
CMN is calculated by taking the difference between the
error component measured in paragraphs 2.3.1.1 and 2.3.1.2
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without garble from the error component with garble by
subtracting on a Root-Sum-Square (RSS) basis at a test
reply efficiency of 70%.

Final Approach Mode

When the pulse pair interference level is 2 dB above the FA
mode sensitivity level, as specified in paragraph 2.3.8 for
on-frequency and the first adjacent frequency, and 22 dB above
for the second adjacent frequency, the PFE and CMN degrada-
tions shall be less than +4.0 m (13 ft). The on-frequency
pulse pair interference shall be of the off-code pulse spacing
as compared to the desired signal and the adjacent frequency

pulse pair interference shall be of the same pulse spacing as
the desired signal.

Initial Approach Mode

Same as FA approach mode above except using the TA approach
mode, sensitivity level.
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d.

Ai Interference - A variation in fruit to a maximum
3,000 randomly occuring pp/s with a pulse pair spacing 3
microseconds from the desired code and a signal level 10 dB
greater than the desired signal at the minimum semsitivity
level of -80 dBm.
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2.5.3.1

2.5.3.2

Distance Measurement/Accuracy (paragraph 2.1.7/2.2.1)

Equipment Required

2 DME test sets
10 dB coupler
DME interrogator
DME indicator

Measurement Procedure

a.

d.

Connect the equipment as shown in Figure 2-2. Adjust test set
#1 for a standard DME/N test signal as specified in Appendix
C. DME test set #2 is turned on only for those tests which
require an interfering signal. .

Set distance range on test set #1 for 0.0 nmi and record the
distance accuracy showing compliance with the requirements of
paragraph 2.2.1. Increase the range in increments of 10 nmi
for the first 30 nmi and 50 nmi increments thereafter through-
out the range for which the equipment is designed. At each
incremental setting, record the distance range error to verify
compliance with paragraph 2.2.1.

With a standard test range of 34.0 nmi, vary the input signal
level from -10 dBm to -83 dBm, recording range accuracy at
signal level increments of 10 dB to determine compliance with
paragraph 2.2.1.

Repeat subparagraph c. above, recording range accuracy using
700 and 4000 pp/s squitter rate.

Interrogator Pulse Spectrum (paragraph 2.2.2)
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DME INDICATOR

DME INTERROGATOR

0 DB
10 DB COUPLER
-10 DB

------- 1
DME TEST SET #1 . J:
L

DME TEST SET #2

NOTE: The DME bandpass filter is used only in test procedure
2.5.3.10 b. and c. and the spectrum will conform to.
Appendix C, e. (1).

FIGURE 2-2 ACCURACY/SENSITIVITY/AMPLITUDE DIFFERENTTATION/
IDENTIFICATION/ECHO SUSCEPTIBILITY
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b. The eciuipment shall acquire the correct range as specified in
2.2.1 in 2.0 seconds 80% of the time and maintain track.
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2.5.3.8

Receiver Sensitivity Range (paragraph 2.2.8)

Eguipment Required

1 DME test set
DME interrogator
IME indicator

Measurement Procedure

Connect the equipment as shown in Pigure 2-2 (deleting the coupler,
filter and test set #2). Apply standard test signal from DME test
set #1.

a. Determ1ne the input signal level required to effect

’ acquisition within the required search time, in 80% of

attempts, when the reply efficiency of the signal is 70Z.

b. Repeat a. above with TACAN modulation removed.
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APPENDIX C
Page 1

Standard Test Signal for DME/N

The characteristics of the test signal are:
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1.

Squitter - The signal shall have a randomly distributed pulse repetition
rate which shall be maintained at 2700 +3.3% pp/s. The minimum spacing
between any two consecutive random pulse pairs shall be 60 microseconds.
The distribution of the random pulse spacing for no interrogation load
shall be within the limits shown in the graph Figure C-1.
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o.

Reply Efficiency - The reply efficiency shall be 100Z.
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2.5.3.10

Amplitude Differentiation (paragraph 2.2.10)
Equipment Required

2 DME test sets

DME bandpass filter

10 dB coupler

DME interrogator
DME indicator

Measurement Procedure
Connect the equipment as shown in Figure 2-2.
a. Qff-Code On-Frequency Signal Rejection

(1) Adjust test set #1 to a desired signal level of -80 dBm
using the standard DME/N test signal.

(2) Adjust test set #2 to the same frequency as test set f1,
and provide 3,600 random pp/s at a signal level 42 dB
greater than the desired signal, and with a code spacing
12.0 microseconds from the desired code. Set the reply
efficiency of test set {2 to zero.

(3) The interrogator shall acquire the correct range within
2.0 seconds 80% of the time and maintain track.

(4) Adjust test set #1 to -52 dBm and repeat steps (2) and
3.
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Fruit - Pulse pairs with either the same or different spacing as the
desired code received by an interrogator not as a result of its own
interrogations but from other interrogators or transponders operating
on the same frequency as the desired interrogator receiver.

Garbling - Interference from unwanted time—coincident pulses due to
ruit, squitter or off-frequency interrogators or transponders which
can cause a range error or a reduction in system efficiency.
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2.2

.1

DME/N Performance - Standard Conditions

Unless otherwise specified, the standard test signals described in
Appendix C shall be used.

Accuracy

At distances from the transponder from 0 nmi to that for which the
equipment is designed, the total error of the airborne equipment .
shall not exceed, on a 957 probability basis, +0.17 nmi, or +0.257
of the distance, whichever is greater under the following
conditions:

a. Range - Over the range of distances from 0 nmi to the maximum
for which the equipment is designed.

b. Dynamic Range - A variation in input signal level in the
absence of fruit from -10 dBm to -83 dBm.

c. Squitter - A variation in squitter throughout the range of
700-4000 pp/s with the input signal level, in the absence of
fruit, from -10 dBm to -83 dBm.

d.  Air-to-Air Interference - A variation in fruit to a maximum
3,000 randomly occuring pp/s with a pulse pair spacing 3
microseconds from the desired code and a signal level 10 dB
greater than the desired signal at the minimum sensitivity
level of -80 dBm.

NOTE 1: Compliance with the accuracy standards shall be accom-
plished by subjecting the equipment to each of the above
variable conditions separately. .

NOTE 2: The ICAQ standard is now 0.17 nmi or +0.25% of range,
whichever is greater. It will change in 1989 to 0.17 nmi
with no degradation for distance permitted.
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2.2.8

Receiver Sensitivity

When the input signal at the equipment input terminals is the test
signal having 707 reply efficiency:

a. The equipment minimum sensitivity level shall not exceed -83
dBm with or without TACAN modulation in the absence of all
interfering signals.

The eciuipment shall acquire the correct range as specified in
2.2.1 in 2.0 seconds 80% of the time and maintain track.
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2.2.10.2

0f f-Frequency On-Code Signal Rejection

a..

For a desired signal from -80 dBm up to -52 dBm the interro-
gator shall satisfy 2.2.8 b. when the interfering signal:

(1) . is on the first adjacent frequency (#1.0 MHz from the
assigned channel frequency);

(2) has a pulse rate of 3,600 randomly occurring pp/s;
(3) has the same pulse pair spacing as the desired signal;
(4) has an amplitude 42 dB above the desired signal.

For a desired signal from -80 dBm up to -60 dBm, the interro-
gator shall satisfy 2.2.8 b. when the interfering signal:

(1) is a valid DME reply frequency (960-1215 MHz);

(2) 1is 2 MHz and further removed from the desired channel
frequency;

(3) has a pulse rate of 3,600 randomly occurring pulse pairs
per second;

(4) has the same pulse pair spacing as the desired signal;
and

(5) has an amplitude 50 dB above the desired signal level.
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2.2.10.1 0ff-Code On-Frequency Signal Rejection

For a desired signal from -80 dBm up to -52 dBm the interrogator
shall satisfy 2.2.8 b. when the interfering signal:

a. is on the desired channel frequency;
b. has randomly occurring fruit at a rate of 3,600 pp/s;
c. has pulse codes 12 microseconds from the desired code; and

d. has an amplitude 42 dB greater than the desired signal.
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