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Agenda Item 4:
Development of (planned) Material for ITU-R Studies on:




  …


d) Aeronautical protection criteria (e.g., VHF Comm)
Liaison Statement from ITU-R Working Party 5B

to the International Civil Aviation Organization and the International Maritime Organization
Characteristics and protection criteria for aeronautical and maritime systems
(Presented by the Secretary)

	SUMMARY

	The attached liaison statement was received from ITU-R WP 5B

Action:  FSMP WG/7 is invited to review the attached and take action as appropriate. 
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	Source : Document 5B/TEMP/214
Subject:
Question ITU-R 235/5

	

	
	29 May 2018

	
	English only

	Working Party 5B

	LIAISON STATEMENT to the international civil aviation organization and the international maritime organization

	Characteristics and protection criteria for aeronautical and maritime systems


In response to Question ITU-R 235/5 (see attached), Working Party 5B (WP 5B) has begun development of material on protection criteria for aeronautical and maritime systems, including a working document toward a preliminary draft new report on protection criteria for aeronautical and maritime systems found in the previous study period (2012-2015) Doc. 5B/475 Annex 26 (see attached). That draft material is quite old and WP5B is considering whether the effort should be continued.

WP 5B kindly request any information ICAO and IMO can provide that would assist WP 5B in developing such a new report, new recommendation, or alternatively a response that will inform WP 5B that development should be halted. 

Attachments:
Doc. 5B/475, Annex 26 and Question ITU-R 235/5
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	Status:
For action

Deadline:   November 1, 2018
	

	Contacts:
Loftur Jonasson for ICAO



RISSONE Christian for IMO
	Email:
LJonasson@icao.int
Email:
Christian.RISSONE@anfr.fr  


______________
(2 pages)
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[Editor’s Note:  Clarification is needed from Rwanda, the original contributor of this Report, on the intended purpose of this Report.  Is the Report intended to deal specifically with safety services or with all the services under the purview of WP 5B?]

[Editor’s note: The potential for inconsistencies has been identified by some administrations between the protection criteria listed in the table and the references to Recommendations, particularly when Recommendations are revised.  To ensure the information is relevant, there may be a need to incorporate this information in  a handbook of the maritime, aeronautical Recommendations.]

1	Introduction

Aeronautical and maritime radionavigation systems are used to control and ensure the safety of navigation (airplanes and ships).

In order to understand the criteria for protection of aeronautical and maritime radionavigation systems, there may be a need to review and describe what harmful interference is to a radionavigation systems which can potentially cause malfunctions of the aeronautical and maritime radionavigation systems and outline possible ITU-R publications and spectrum management practices that can help mitigate and suppress those potential interferences.

Article 1 of the ITU Radio Regulations defines harmful interference as “Interference which endangers the functioning of a radionavigation service or of other safety services or seriously degrades, obstructs, or repeatedly interrupts a radiocommunication service operating in accordance with Radio Regulations (CS)” 

In the Institute of Electrical and Electronics Engineers (IEEE) standard 1900.2 (2008), the term interference event (not necessarily harmful interference) is defined as “A circumstance in which 
a quantified threshold level of interference has been exceeded. Interference events are specified in terms of the relevant variables for a specific scenario, e.g., time, frequency, amplitude, and performance metrics.”  

There are several types of interference, these are as follows:

–	co-channel;

–	adjacent channel (directly adjacent channels);

–	in-band, nonadjacent channels (non-contiguous, in-band channels);

–	band edge (near-band edge and out-of-band);

–	out-of-band (far out-of-band).

Some of the major groupings of radio frequency variables considered in defining the level or magnitude of the interference are:

1)	Frequency-related variables such as frequency(ies), frequency range, frequency division duplexing, emission bandwidth, unintentional emissions, modulation management, channel plan and frequency reuse plan.

2)	Power-related variables such as link power budget, power control, demodulated waveform characteristics, peak or average power, transmit spectral density, receiver sensitivity, receiver spurious response, system dynamic range, signal distortion and intermodulation.

3)	Time-related variables such as time division duplexing and transmission, transmission duty cycle, multipath tolerance, time interval management, dynamic spectrum access reaction and response time.

4)	Spatial-related variables such as directionality of signal, propagation effect, adaptive antennas, antenna polarization, system location and terrain features (shadowing, indoor vs. outdoor), system mobility, directionality of antenna, performance range and system coverage.

There are many sources of radiofrequency equipment which could be the source of interference.  These are:

–	Broadcasting LF/MF, AM and VHF FM

–	Cable distribution systems

–	Power line distribution systems

–	Power line carrier

–	Industrial, scientific and medical equipment

–	Local oscillator emission from domestic electronic equipment

–	Information technology equipment including computers, phones, etc.

With the above causes of interference, [Working Party 5B] should consider developing a handbook that consolidate a list of all ITU publication with radiodetermination (radiolocation and radionavigation) protection criteria and spectrum management best practice for countries to use in order to ensure safe operations of radionavigation services sharing the same frequency band and to operate compatible by eliminating potential aggregate harmful interference that meets the required ITU Recommendations of protection criteria.




2	Survey of protection criteria (PC) for radiolocation, aeronautical and maritime radionavigation systems

In order to safeguard the performance of aeronautical and maritime radionavigation systems, there are protection criteria developed by ITU in various recommendations but some of these publications may not have yielded the perfect result in some countries and more studies and tests (experiments) may be required to ensure that the interference is reduced to the maximum level possible.

Tables 2.1 and 2.2 below shows a summary of ITU recommended protection criteria.  
Some PCs that are not available in the ITU Recommendations are sited from other organizations as needed.

Table 2.1

Survey of protection criteria for radars operating in radiolocation, aeronautical radio navigation,
meteorological aids and maritime radio navigation services

		Frequency band and service

		PC for CW and noise-like interfering signals

		Reference and PC text



		420-450 MHz – Radiolocation

		I/N ≤ –6 dB

		M.1462 “an interfering signal power to radar receiver noise power level, I/N, ratio of –6 dB be used as the required protection level for the radiolocation systems, and that this represents the net protection level if multiple interferers are present (see Note 1).

NOTE 1 – The protection criterion given in recommends 3 should not be applied to the space object tracking radars described in Annex 1; these are highly sensitive radars that cannot tolerate the resulting 6% degradation in detection range (corresponding to 
a 19% loss of surveillance volume). Specialized studies of compatibility with these radars are required.”



		1 215-1 400 MHz – Radiodetermination

		I/N ≤ –6 dB

		M.1463 “in the case of continuous (non-pulsed) single or aggregate interference, an interfering signal power to radar receiver noise power level, I/N, of –6 dB should be used as the required protection level for the radiodetermination radars”, and 
“in the case of pulsed interference, the criteria should be based on a case-by-case analysis considering the undesired pulse train characteristics and, to the extent possible, the signal processing in the radar receiver”



		2 700-2 900 MHz – Radionavigation and meteorological aids

		I/N ≤ –6 dB
or
I/N ≤ –10 dB

		M.1464 “that the protection trigger level for aeronautical radionavigation radars be based on Annex 2, in particular § 4, 
for assessing compatibility with interfering signal types from other services representative of those in Annex 2. 
These protection criteria represent the aggregate protection level if multiple interferers are present”
From Annex 2 § 4 “The test results in this Annex show that radars B, D, and E’s ability to detect targets is already impacted at an I/N level of –6 dB. In order to fully protect radar types B, D, E and other aeronautical radionavigation radars that operate in the 
2 700 2 900 MHz band from emissions of communication systems that use the tested digital modulation schemes, the I/N protection criterion should be –10 dB. This value represents the aggregate interference threshold if multiple interferers are present. Future requirements on radars that operate in the 
2 700-2 900 MHz band to detect and track targets with a smaller cross-sections may lead to more stringent protection criteria”








		Frequency band and service

		PC for CW and noise-like interfering signals

		Reference and PC text



		2 900-3 100 MHz – Maritime radionavigation

		I/N ≤ –6 dB

		M.1460 “that the results of interference susceptibility trials performed on shipborne radionavigation radars operating in the band 2 900-3 100 MHz, which are contained in Annex 3, should be used in assessing interference into shipborne radionavigation radars, noting that the results are for non-fluctuating targets and that radar cross-section (RCS)  fluctuations should be taken into account. (see also Report ITU-R M.2050).”
From Annex 3 “The results of these tests show that when the emissions of devices using digital modulations are directed towards a radar of the type tested herein exceed an I/N ratio of 
–6 dB, some of the radars started to have dimmed targets, lost targets, or generate false targets. For other radars at this I/N level, these effects had already manifested. No recommendation is made, at this time, on what I/N is required in any specific scenario different from what is already specified (I/N = –6 dB)”



		2 900-3 100 MHz – Radiodetermination and meteorological aids

		I/N ≤ –6 dB

		M.1460 “that the criterion of interfering signal power to radar receiver noise power level, an I/N ratio of –6 dB should be used as the required protection level for the radiodetermination radars in the band 2 900-3 100 MHz, even if multiple interferers are present. Further information is provided in Annex 2”
From Annex 2 “If psd of radar-receiver noise in the absence of interference is denoted by N0 and that of noise-like interference by I0, the resultant effective noise psd becomes simply I0  N0. An increase of that effective noise level by about 1 dB would constitute significant degradation, equivalent to a detection range reduction of about 6%. Such an increase corresponds to an 
(I  N)/N of 1.26, or an I/N of about –6 dB. This represents the tolerable aggregate effect of multiple interferers; the tolerable I/N ratio for an individual interferer depends on the number of interferers and their geometry, and needs to be assessed in the analysis of a given scenario.”



		3 100-3 700 MHz – Radiodetermination

		I/N ≤ –6 dB

		M.1465 “that the criterion of interfering signal power to radar receiver noise power level, I/N, of –6 dB should be used as the required protection level for the radiolocation systems, and that this represents the net protection level if multiple interferers are present”



		5 250-5 850 MHz – Radiolocation, aeronautical radionavigation, and meteorological aids

		I/N ≤ –6 dB

		M.1638 “that Recommendation ITU-R M.1461 be used as 
a guideline in analysing compatibility between radiolocation, radionavigation and meteorological radars with systems in other services; that the criterion of interfering signal power to radar receiver noise power level I/N, of –6 dB be used as the required protection trigger level for the radiodetermination sharing studies with other services. This protection criterion represents the net protection level if multiple interferers are present”



		8 500-10 500 MHz – Radiodetermination

		I/N ≤ –6 dB

		M.1796 “that the criterion of interfering signal power to radar receiver noise power level, an I/N ratio of –6 dB, should be used as the required protection level for radiodetermination radars in the frequency band 8 500-10 680 MHz, even if multiple interferers are present”



		13.75-14 GHz – Radiolocation and radionavigation

		I/N ≤ –6dB

		M.1644 “that in the presence of any modulated continuous wave (CW) interfering signals with most or all of its 3 dB emission bandwidth spanned by the radar receiver passband in the main beam direction, the ratio of interfering signal power to radar receiver noise power level, I/N, of –6 dB be used as the interference protection criteria for the radars”



		Frequency band and service

		PC for CW and noise-like interfering signals

		Reference and PC text



		31.8-33.4 GHz – Radionavigation

		I/N ≤ –6 dB

		M.1466 “that the criterion of interfering signal power to radar receiver noise power level, I/N, of – 6 dB be used as the required protection level for the radionavigation radars, and that this represents the net protection level if multiple interferers are present”



		33.4-36 GHz – Radiodetermination

		I/N ≤ –6 dB

		M.1640 “that in the case of continuous (non-pulsed) interference, an interfering signal power to radar receiver noise power level, I/N, of –6 dB should be used as the required protection level for radiolocation systems for sharing studies in general”





Table 2.2

Survey of protection criteria for aeronautical radio navigation services excluding radars using passive reflections

		System

		Frequency band

		Interference protection criteria

		Reference and IPC text



		ILS Localizer

		108- 112 MHz

		Signal dependent multiple values

		ITU-R SM.1009, 
ITU-R SM.1140
Notes 1 and 2



		ILS VoR

		108- 117.5 MHz

		Signal dependent multiple values

		Signal Dependent, see
ITU-R SM.1009,
ITU-R SM.1140



		ILS Marker beacon

		74.8-75.2 MHz

		I/N ≤ 0 dB

		No ITU Recommendation
I/N ≤ 0 dB
Note-3



		ILS Glide slope

		328.6-335.4 MHz

		–168 dBm/MHz

		ITU-R SM.2212



		DME

		962-1 213 MHz

		I ≤ –99 dBm

		ITU-R M.2013
Note-4



		MLS

		5 030-5 091 MHz

		I ≤ ––160 dBW

		ITU-S.1342
Note-5



		Radar altimeters

		4 200-4 400 MHz

		S/I ≥ –6 dB for pulsed type altimeters

		Work on going at WP 5B





NOTE 1 – Recommendation ITU-R SM. 1009-1, Compatibility between the sound-broadcasting service in the band 87-108 MHz and the aeronautical services in the band 108-137 MHz (1995).

NOTE 2 – Recommendation ITU-R SM. 1140, Test procedures for measuring aeronautical receiver characteristics used for determining compatibility between the sound-broadcasting service in the band of about 87-108 MHz and the aeronautical services in the band 108-118 MHz (1995).

NOTE 3 – RTCA/DO-143, Minimum operational performance standards airborne radio marker beacon receiving equipment operating  on 75 MHz, RTCA, at 5 (1970).

NOTE 4 – RTCA DO-189, Minimum operational performance standards for airborne distance measuring equipment (DME) operating within the radio frequency range of 960-1 215 MHz, RTCA (1985).

NOTE 5 – International standards and recommended practices Annex 10 to the Convention on International Civil Aviation, Volume 1 (Radio Navigation Aids) Fifth Edition (1996).

3	Example of case of interference caused by FM radios to aeronautical radionavigation service band in Rwanda

Due to the lack of cavity filters to some FM radios, they produce second harmonics which inter modulates with another original FM radio signal to produce intermodulation signal in the band of aeronautical and sometimes hinders the communication between taking-off and landing of airplanes with the control power.

The manufacturers of the communication equipment in airplanes should undertake additional research on PC that will protect the communication between airplanes and control towers.

For Marines radionavigation systems, Rwanda has small lakes and the communication between boats is only done using VHF transceivers.

4	Conclusion

There may be a need to consider developing a handbook that consolidate a list of ITU publications with radiodetermination (radiolocation and radionavigation) protection criteria and spectrum management best practice for countries to use to avoid or reduce interferences between aeronautical and maritime radionavigation systems and other share services.
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QUESTION ITU‑R 235/5[footnoteRef:1]*, [footnoteRef:2]**, [footnoteRef:3]*** [1: * 	This Question should be brought to the attention of the International Civil Aviation Organization (ICAO), International Maritime Organization (IMO), and the International Electrotechnical Commission (IEC).]  [2: ** 	Former Question ITU-R 235/8.]  [3: *** In the year 2015, Radiocommunication Study Group 5 extended the completion date of studies for this Question.] 


Protection criteria for aeronautical and maritime systems

(2004)



The ITU Radiocommunication Assembly,

considering

a)	that the radio spectrum is a limited resource;

b)	that with a continued increase in demand for spectrum there is a requirement to identify possible sharing opportunities and carry out the relevant sharing studies;

c)	that in order to carry out sharing studies protection criteria for existing and future planned systems need to be known, but for a number of aeronautical and maritime systems there are no relevant Recommendations that give protection criteria;

d)	that aeronautical and maritime systems often provide safety of life functions,

noting

that an absence of protection criteria may significantly delay sharing studies,

decides that the following Question should be studied

1	What are the technical and operational characteristics and the required protection criteria for those aeronautical mobile and radiodetermination systems for which no Recommendations have already been established?

2	What are the technical and operational characteristics and the required protection criteria for those maritime mobile and radiodetermination systems for which no Recommendations have already been established?

further decides

1	that the results of the above studies should be included in Recommendations and/or Reports;

2	that the above studies should be completed by 2019.
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