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	SUMMARY

	This document proposes a format on how to insert the High Frequency receiver characteristics, and other system characteristics into the ICAO Handbook


1. INTRODUCTION

1.1 Well defined, accurate system characteristics are important to civil aviation to properly assess spectrum sharing proposals within the International Telecommunications Union (ITU). However, given the fact the many aviation systems are dated by electronics standards, as well as a lack of defined characteristics for certain systems has made it increasingly more difficult to assess new technologies in sharing arrangements. This is further compounded by other industries considering aviation frequency bands for additional allocations.

2. DISCUSSION

2.1 During the previous meeting: FSMP-WG/4 27 March 2017 – 7 April 2017, an action was taken to determine how to insert High Frequency (HF) receiver characteristics and protection criteria in the ICAO Handbook on Radio Frequency Spectrum Volume II. The HF receiver characteristics were developed because certain Wireless Power Transmission (WPT) frequency ranges being considered were adjacent in frequency to the AMS(R)S allocations between 2.3 – 23 MHz

2.2 Structurally, the ICAO Handbooks are broken down into two different Volumes – Volume 1 – spectrum strategy, policy statements and related information and Volume 2 – frequency assignment planning criteria for aeronautical radio communication and navigation systems.

2.2.1 These handbooks can further be broken down into their relevant chapters

	Chapter
	Title

	Volume 1

	1
	Introduction

	2
	Objective and purpose

	3
	International Telecommunication Union

	4
	The ITU Regulatory Framework for Aeronautical Radio Services

	5
	ICAO Involvement in Frequency and Spectrum Planning

	6
	Overview of the Spectrum Management Process

	7
	Statement of Frequency Allocations, Technical Details and ICAO Policy

	8
	ICAO Spectrum Strategy

	9
	Interference Protection Considerations

	Attachments
	A-H

	Volume 2

	1
	General Methodology for Compatibility Analysis

	2
	Aeronautical VHF air-ground radio communication systems operating in the band 117.975 — 137 MHz

	Appendix 
	A-C


2.2.2 Analysis of these sections has yielded insight: there is not a well-defined area to insert the HF Receiver characteristics into the Handbooks. Volume 2 only defines planning criteria, propagation and methodology for the VHF Band between 117.975 – 137 MHz. However, Volume 1 has a section specifically dealing with interference protection considerations, which may be a more beneficial section to insert these characteristics.
2.3 Relevant tables from Annex 1 of FSMP-WG/4-WP/14 were chosen and inserted into attachment G of ICAO Handbook on Radio Frequency Spectrum Volume I.  A brief description of the characteristics and context was added to certain tables and sections.
2.3.1 Peer feedback of this document has raised additional questions on interpretation of these parameters. Specifically, there are concerns that the incorrect antennas will be chosen for compatibility studies, and worst-case conditions for compatibility studies will not be analysed. After further review, there is not an ICAO policy on how sharing studies are performed. 

3. ACTION BY THE MEETING

3.1 The meeting is invited to take action on a way to move forward

a) note and review the contents of this working paper;

b) determine if ICAO Handbook on Radio Frequency Spectrum Volume 1 – Attachment G-5 (2 850 kHz – 22 000 kHz) is the correct location for HF Receiver characteristics

c) review ICAO policy on how sharing or compatibilty studies should be performed with aviation systems

Attachment:
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Attachment G

TECHNICAL INFORMATION

AND FREQUENCY-SHARING CRITERIA

1.    INTRODUCTION


This attachment contains a repository of technical information for the various frequency bands relevant to aviation. This includes relevant references to other technical documentation, interference scenarios and frequency-sharing criteria.


Band: 130–535 kHz (selected bands)


Technical Information:


Service: Aeronautical radionavigation


Aviation use: Non-directional beacons, locator beacons


Annex 10:



SARPs: Annex 10, Volume I, Chapter 3, paragraphs 3.4 and 3.9



Frequency plan: Regional Plan



Channelization: 1 kHz spacing; in EUR region 0.5 kHz spacing may also be used



Planning criteria:




Annex 10, Volume V, Chapter 3, paragraph 3.2




Annex 10, Volume I, Attachment C, paragraph 6




Annex 10, Volume V, Attachment B




Air Navigation Plan: European Frequency Management Manual (EUR Doc. 11), Part 3, Chapter 1 (download from




http://www.paris.icao.int/documents_open/files.php?subcategory_id=96




Note.— Reference to planning criteria for other regions to be added.


RTCA: DO-179, MOPS for ADF equipment (1982)


Eurocae: ED-51, MPS for Airborne ADF Equipment (1983), Amendment #1

    (1987)


ARINC characteristic: 712-7, Airborne ADF System (1992)


ITU Res./Rec.:

ITU‑R: P.368: Ground wave propagation curves for frequencies between 10 kHz

    and 30 MHz


Other material:


•
CCIR Report No. 910-1 — Sharing between the maritime mobile service and the aeronautical radionavigation service in the band 415–526.5 kHz.




Note.— This report is published in Annex 3 to Volume VIII of the Report of the XVII Plenary Assembly of the International Radio Consultative Committee (CCIR) (Düsseldorf, 1990).


•
Final Acts of the Regional Administrative Conference for the Planning of the MF Maritime Mobile and Aeronautical Radionavigation Service (Region 1), Geneva 1985

INTERFERENCE FROM NON-AERONAUTICAL SOURCES

AND FREQUENCY SHARING BETWEEN NDB

AND MARITIME MOBILE SERVICES IN BANDS

BETWEEN 415 AND 435 kHz


The MF frequency bands allocated to aeronautical radionavigation service between 415 and 495 kHz are used for NDBs in all three ITU regions and shared with the maritime mobile service. In Region 1, in the band 415–435 kHz, the sharing is on a joint primary basis. In Regions 2 and 3, in the band 415–495 kHz (and in Region 1, in the band 435–495 kHz), the aeronautical radionavigation service is on a secondary basis although in some countries the aeronautical radionavigation service has a primary status (Footnotes 5.77 and 5.78). With careful planning and coordination, acceptable sharing arrangements can be achieved, facilitated by the geographically different areas of operation of the two services.


The protection of aeronautical beacons from transmissions of coast and ship stations of the maritime mobile service can be assured by the application of the criteria contained in Appendix 12 to the Radio Regulations. Additional guidance material is contained in Annex 10. Some ICAO regions, notably the European region, have also agreed to apply supplementary criteria to NDB frequency assignments in their areas. An overview of the relevant provisions is given below.


ITU Radio Regulations


		Appendix 12


Special Rules Applicable to Radiobeacons


Section 1 — Aeronautical Radiobeacons



		1)
The assignment of frequencies to aeronautical radiobeacons operating in the bands between 160 kHz and 535 kHz shall be based on a protection ratio against interference of at least 15 dB for each beacon throughout its service area.



		2)
The radiated power should be kept to the minimum value necessary to give the desired field strength at the service range.



		3)
The daylight service range of radiobeacons referred to in 1) above shall be based on the following field strengths:



		4)
Regions 1 and 2



		
—
70 microvolts per metre for radiobeacons north of 30° N;



		
—
120 microvolts per metre for radiobeacons between 30° N and 30° S;



		
—
70 microvolts per metre for radiobeacons south of 30° S.



		5)
Region 3



		
—
70 microvolts per metre for radiobeacons north of 40° N;



		
—
120 microvolts per metre for radiobeacons between 40° N and 50° S;



		
—
70 microvolts per metre for radiobeacons south of 50° S.





The above provisions have the status of Regulations through the linked reference at Article 28 (28.23 and 28.24), which specifies the above as special rules which must be complied with.


ICAO Annex 10


Frequency planning material relevant for NDB assignments is also contained in:



i)
Annex 10, Volume I, 3.4 — Specification for non-directional radio beacon (NDB);


ii)
Annex 10, Volume I, Attachment C — Information and material for guidance in the application of SARPs for ILS, VOR, PAR, 75 MHz marker beacons (en-route), NDB and DME; and


iii)
Annex 10, Volume V, Attachment A — Considerations affecting the deployment of LF/MF frequencies and the avoidance of harmful interference.


The planning guidance in Attachment A of Annex 10, Volume V, is related to the RF-filtering characteristics of ADF receivers used in aircraft. These characteristics are used for developing adjacent channel NDB planning parameters for establishing the required separation distance in the case where the NDB and maritime service frequencies operate on adjacent channels.


Propagation model


Daytime propagation at low frequency (LF) and medium frequency (MF) are greatly affected by the conductivity and permittivity characteristics of the ground. Night-time transmissions from NDBs are prone to ionospheric reflection. This condition does not generally provide a reliable service and such use is not recommended. The appropriate ground wave transmission model used for frequency assignment planning is contained in ITU-R Recommendation P.368. This recommendation provides ground wave propagation data for frequencies from 10 kHz up to 30 MHz. In the frequency range of interest for NDB, there are separate curves for the frequencies of 200, 300, 400 and 500 kHz. Separate propagation curves are provided for sea and for eight different values of ground conductivity and permittivity, which must be ascertained from local knowledge to enable accurate application.


CCIR Report 910-1 — Sharing between the maritime mobile service and the aeronautical radionavigation service in the band 415–526.5 kHz


Parts of the frequency band 415–526.5 kHz are allocated to both the maritime mobile service and the aeronautical radionavigation service. As a result of differences in operational use, i.e. frequency planning characteristics, radiated power, etc., the coexistence of these two radio services in the same bands may present problems. Particular attention is required with respect to the problems which have their origin in the power levels used. In general, the coast stations of the maritime mobile service operate at power levels in the order of 20 to 30 dB higher than short- and medium-range NDBs. For example, coast station operation at e.r.p. of 10 to 50 Watts is typical as is ship station operation at 40 Watts e.r.p., whereas an NDB with a range of 50 NM would have an e.r.p. of less than 1 Watt (taking into account the relative antenna efficiencies which may be as low as 10 to 30 per cent).


This highly important report examines in detail some of the important parameters to be addressed in any analysis of these situations. The required protection to both maritime (NAVTEX services on 518 kHz) and NDB is examined for the full range of conditions of propagation. Two annexes provide detailed analysis for particular cases: Annex I for protection of NAVTEX services and Annex II for protection of NDB services.


Band: 2 850–22 000 kHz (selected bands)


Technical Information:


Service: AM(R)S


Aviation use: Air‑ground communications (HF voice and data)


Annex 10:


SARPs: Annex 10, Volume III, Part II, Chapter 2, 2.4


Frequency plan: Appendix 27 (see ITU below)


Channelization: 3 kHz spacing SSB


Planning criteria: see ITU below

RTCA:



•
DO-163, Minimum Performance Standards-Airborne HF Radio Communications Transmitting and Receiving Equipment Operating within the Radio-Frequency Range of 1.5 to 30 Megahertz (1976)



•
DO-265, Minimum Operational Performance Standards for Aeronautical Mobile High Frequency Data Link (HFDL) (2000)



•
DO-277, Minimum Aviation System Performance Standards (MASPS) for the High Frequency Data Link Operating in the Aeronautical Mobile (Route) Service (AM(R)S) (2002)


Eurocae: 


ARINC characteristic:


622-4, ATS Data Link Applications Over ACARS Air-Ground Network



634, HF Data Link System Design Guidance Material



635-4, HF Data Link Protocols



714-6, Mark 3 Airborne SELCAL System



719-5, Airborne HF/SSB System



753-3, HF Data Link System


ITU Res./Rec.:


•
Appendix 27 to Radio Regulations (Frequency Allotment Plan, Planning Criteria).


•
Res. 207*.


•
Res. 405*: Relating to the use of frequencies of the aeronautical mobile (R) service.



•
Rec. 401*: Relating to the efficient use of aeronautical mobile (R) worldwide frequencies.


•
Rec. 402: Relating to cooperation in the efficient use of worldwide frequencies in the aeronautical mobile (R) service.

ITU-R: ITU-R  M.1458: Use of the frequency bands between 2.8 and 22 MHz by the AM(R)S for data transmission using class of emission J2D.


Other material: 



•
The reports of AMCP/3, AMCP/4, AMCP/5 and ADSP/3 contain ICAO material relevant to the development of SARPs for HF data link.



•
DO-258A, Interoperability Requirements for ATS Applications Using ARINC 622 Data Communications (2005)



Technical Characteristics and Protection Criteria for ground stations operating in the AM(R)S in the frequency range 2 850 – 22 000 kHz.

The HF frequency parameters listed below are to be used in studies for different systems co-frequency or adjacent frequency. Assignable frequencies for AM(R)S can be found in Appendix 27 of the Radio Regulations.

Ground Station Receiver


Both System A and System B must be used in compatibility studies. The differences between the two systems is the inclusion of the preamplifier. The preamplifier usually can be enabled with a switch or button.

		Parameters

		Unit

		Value



		

		

		System A (With built in Preamplifier)

		System B (Without built in Preamplifier)



		Receiver noise figure

		dB

		14

		19



		Receiver sensitivity

		

		-113 dBm at 10 dB SINAD

		-110 at dBm at 10 dB SINAD



		Signal modulation

		

		Upper SSB AM



		Protection ratio (C/I)

		dB

		15



		Reference bandwidth 

		kHz

		2.8



		Channel spacing1

		kHz

		3





Note 1 – Channel spacing is measured at the assigned frequency, which is offset from the carrier frequency by 1400 Hz

Ground Station Receiver Selectivity

As stated in Note 1 of the previous table, the Carrier Frequency is not the assignable frequency. It is offset by 1400 Hz. The table below states the receiver selectivity at a given frequency offset from the carrier frequency

		Frequency range from the carrier frequency (Hz)

		Minimum attenuation (dB)



		0   (-300, 2900   ( 3300

		35



		-10000 (  -300, 3300   ( 10000

		60





Ground Station Receiver Antenna 

Antenna placement and optimization is very important for coverage in the HF Band. The values below are commonly deployed antennas that can be used in sharing studies. These antennas can also have their vertical orientation changed such that the 3 dB points are closer or further away from the horizon.

When assessing antennas for compatibility studies, the worst case antenna should be used, and an appropriate orientation should be determined to create a worst case condition 

		Antennas

		Antenna Polarization

		Frequency Range Applicable (MHz)

		Gain (dBi)

		Azimuthal Beamwidth from center (3 dB)

		Vertical Beamwidth relative to horizon (3 dB)



		System A

		Horizontal

		[2.3 – 8.5) 

		11

		-30, 30

		42, 18



		

		

		[8.5 – 16) 

		12

		-25, 25

		29, 11



		

		

		[16 – 22]

		13

		-20, 20

		18, 8



		System B

		Circular or Elliptical

		[2.3 – 3]

		6

		Omni

		150, 50



		

		

		(3 – 12] 

		6

		Omni

		40,20



		

		

		(12 -22] 

		8

		Omni

		14,6



		System C

		Horizontal

		[2.3 – 3.5) 

		4

		Omni

		130,50



		

		

		[3.5 – 7] 

		6

		Omni

		150,30



		

		

		(7 - 15]

		7

		Omni

		37,12



		

		

		(15 – 23]

		9

		Omni

		18,7



		System D

		Vertical

		[2.3 – 5.7]

		9

		-30,30

		22,12



		

		

		(5.7 – 10) 

		10

		-30,30

		22,12



		

		

		[10 – 16]

		11

		-30,30

		22,12



		

		

		(16 - 23]

		12

		-30,30

		22,12



		System E

		Vertical




		[2.3 – 3.5)

		8

		-33,33

		95, 0



		

		

		[3.5 - 6.6]

		11

		-31,31

		54, 0



		

		

		(6.6 – 15]

		15

		-21,21

		30, 0



		

		

		(15 – 23]

		20

		-8,8

		21, 0





Interval notation used for frequency range bounds. (or) is exclusive, [or] is inclusive

Bands: 3 023 kHz and 5 680 kHz


Technical Information:


Service: AM(R)S


Aviation use: Search and rescue frequencies in HF


Annex 10:



SARPs: 



Frequency plan: Annex 10, Volume V, Chapter 2, 2.2



Channelization: 



Planning criteria: 


RTCA: DO-163, Minimum Performance Standards-Airborne HF Radio Communications Transmitting and Receiving Equipment Operating within the Radio-Frequency Range of 1.5 to 30 Megahertz (1976), Errata


Eurocae: 


ARINC characteristic:

ITU Res./Rec.:



•
Res. 405: Relating to the use of frequencies of the aeronautical mobile (R) service



•
Rec. 401: Relating to the efficient use of aeronautical mobile (R) frequencies


ITU-R:


Other material:



•
Radio Regulations, Chapter VII 



•
Radio Regulations, Appendix 27


Band: 74.8–75.2 MHz


Technical Information:


Service: Aeronautical radionavigation


Aviation use: Marker beacon


Annex 10:



SARPs: Annex 10, Volume I, Chapter 3, 3.1.7 and 3.6



Frequency plan: Fixed frequency of 75 MHz 



Channelization: 



Planning criteria: Annex 10, Volume I, Attachment C, Section 5


RTCA: DO-143, MOPS for Airborne Radio Marker Receiving Equipment Operating on 75 MHz (1970)


Eurocae: 1/WG7/70, MPS for 75 MHz marker beacon receiving equipment (1970)


ARINC characteristic:


ITU Res./Rec.:


ITU-R:


Other material:


Band: 108–117.975 MHz


Technical Information:


Service: Aeronautical radionavigation


Aviation use:


VOR (108–117.975 MHz)


ILS localizer (108–111.975 MHz)



GBAS (112.050–117.900 MHz)

Annex 10:


SARPs: Annex 10, Volume I, Chapter 3, 3.1 (ILS), 3.3 (VOR), 3.7 (GBAS) and Volume III, Chapter 6 (VDL Mode 4)


Frequency plan: Annex 10, Volume I, Chapter 3, 3.1.6 (ILS), 3.7.3.5.4.1 (GBAS)


Channelization: 100 kHz/50 kHz spacing for ILS, VOR and 25 kHz for GBAS


Planning criteria:



Annex 10, Volume V, Chapter 4, 4.2



Annex 10, Volume I, Attachment C, 2.6 (ILS)



Annex 10, Volume I, Attachment C, 3.5 (VOR/ILS)




Annex 10, Volume I, Appendix B, 3.6.8.2.2 and Attachment D, 7.2.1 (GBAS)

RTCA:


ILS:



•
DO-195, MOPS for Airborne ILS Localizer Receiving Equipment Operating within the Radio Frequency Range of 108–112 MHz (1986)



VOR:



•
DO-180A, MOPS for Airborne Area Navigation Equipment Using a Single Collocated VOR/DME Sensor Input (1990)



•
DO-187, MOPS for Airborne Area Navigation Equipment Using Multi-Sensor Inputs (1984)


•
DO-196, MOPS for Airborne VOR Receiving Equipment Operating within the Radio Frequency Range of 108–117.95 MHz (1986)



GBAS:



•
DO-246C, GNSS Based Precision Approach Local Area Augmentation System (LAAS) — Signal-in-Space Interface Control Document (ICD) (2005)

Eurocae:


ILS:



•
ED-46B, MOPS for Airborne Localizer Receiving Equipment



•
ED-74, MOPS for Combined ILS and MLS Airborne Receiving Equipment, Amend. 1 (1997)



•
ED-88, MOPS for MMR including ILS, MLS, and GPS used for Supplemental Means of Navigation



VOR:



•
ED-22B, MPS for Airborne VOR Receiving Equipment (1988)



VOR:



•
ED-27, MOPR for Airborne Area Navigation Systems Based on VOR and DME as Sensors (1979)



•
ED-28, MPS for Airborne Area Navigation Computing Equipment Based on VOR and DME as Sensors



•
ED‑52, MPS for Conventional and Doppler VOR Ground Equipment (1984)



GBAS:



•
ED-95, MASPS for GBAS to Support CAT 1 Operations (1999)



•
ED-114, MOPS for GBAS Ground Facility to Support CAT 1 Approach and Landing (2003)



VDL Mode 4:



•
ED-108, MOPS for VHF VDL Mode 4 Aircraft Transceiver for ADS-B (2001)

ARINC characteristic:


ILS: 578-4, Airborne ILS Receiver



ILS: 710-10, Mark 2 Airborne ILS Receiver



VOR: 579-2, Airborne VOR Receiver


VOR/ILS: 711-10, Airborne VOR ILS Receiver

ITU Res./Rec.: Res. 413 (Rev. WRC-07): Use of the band 108–117.975 MHz by the aeronautical mobile (R) service


ITU‑R:


•
ITU‑R  M44‑1: Signal-to-interference ratios and minimum field strengths required in the aeronautical mobile (route) service above 30 MHz


•
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


•
ITU-R  M1841: Compatibility between FM sound-broadcasting in the band of about 87‑108 MHz and the aeronautical ground-based augmentation system (GBAS) in the band about 108‑117.975 MHz.


Other material:


•
Receiver susceptibility to FM broadcast:



—
DO-176, FM Broadcast Interference related to Airborne ILS, VOR and VHF Communications (1981)



—
Annex 10, Volume I, Chapter 3, 3.1.4 (ILS)



—
Annex 10, Volume I, Attachment C, 2.2.2 (ILS)



—
Annex 10, Volume I, Chapter 3, 3.3.8 (VOR)



—
Annex 10, Volume I, Attachment C, 3.6.5 (VOR)




—
Annex 10, Volume I, Appendix B, 3.6.8.2.2 (GBAS)




—
Annex 10, Volume III, Part I, 6.3.5.4 (VDL)


•
RTCA  DO-117, Standard Adjustment Criteria for Airborne Localizer and Glide Slope Receivers (1963), Errata



•
RTCA  DO-217, MASPS for DGNSS Instrument Approach System: Special Category 1 (SCAT-1) (1993), Change 1 to DO-217 (1994), Change 2 to DO-217 (1996)


INTERFERENCE FROM NON-AERONAUTICAL


SOURCES AND COMPATIBILITY BETWEEN


ILS/VOR AND FM BROADCASTING


General


The ITU WARC in 1979 allocated the band at 100–108 MHz to broadcasting services in Region 1. This band was previously allocated in that way only in Regions 2 and 3. The band is adjacent to the VOR/ILS band at 108–117.975 MHz, and interference effects have been experienced due to transmissions of broadcast stations, particularly those operating on frequencies close to the band edge and in areas where there is a high density of both FM stations and ILS or VOR. In many countries, FM sound broadcasting services of both low and high power are operated in this band. In some countries, the broadcast services also include analogue television transmissions. Compatibility problems due to intermodulation products, generated by both FM transmitter stations and in ILS/VOR receivers, as well as overloading of the front end of aircraft ILS/VOR receivers, became apparent when broadcast stations commenced use of the frequencies in the band 100–108 MHz in the mid-seventies in Region 2. Studies on a suitable planning methodology initiated by the CCIR (now ITU-R) in a joint aeronautical/ broadcasting group have documented a viable methodology for broadcast and aeronautical frequency assignment planning with a view to ensuring a safe situation for air operations.


Any resolution of this problem through planning and coordination automatically restricts both services. In high-density areas, such as Western Europe and North America, the full potential of the frequency band for either service cannot be realized. Both services tend to be at their greatest density in areas of high population, which places a severe constraint on the full utilization of the potential of the 40 channels available for use by ILS (see Annex 10, Volume I, 3.1.6). VOR services are also affected but not to the same critical degree. VHF communications, because of their greater frequency separation, are also affected, but to a lesser degree than ILS/VOR.


ITU-R studies


After many studies on the compatibility between ILS/VOR and FM broadcasting were initiated in ITU, ITU-R approved Recommendation SM.1009-1: “Compatibility between the Sound-Broadcasting Service in the Band of about 87–108 MHz and the Aeronautical Services in the Band 108–137 MHz” in 1995.


The three Annexes of Recommendation SM.1009 deal comprehensively with the subject and are:



Annex 1:
Interference mechanism, system parameters and compatibility assessment criteria;



Annex 2:
General assessment method; and



Annex 3:
Detailed compatibility assessment and practical verification.


The report comprehensively covers the treatment of conflict situations for the four interference modes:



Type A:
FM broadcasting-transmitter-generated interference products falling within the ILS/VOR bands. The two sub-types are:




Type A1:
spurious or harmonic intermodulation products generated by one or more FM transmitters within the aeronautical band; and




Type A2:
non-negligible components of the FM broadcasting signal, operating near the band edge 108 MHz, within the aeronautical band (affecting only aeronautical frequencies near the 108 MHz band edge).



Type B:
ILS/VOR-receiver-generated interference caused by high-level broadcast signals operating outside the ILS/VOR band. The two sub-types are:




Type B1:
interference that may be generated in the aeronautical receiver being driven into non-linearity due to high-power broadcasting signals outside the aeronautical band. The effect on the receiver resulting in the generation of intermodulation products in the receiver; and




Type B2:
performance degradation due to high-power overload and desensitization without any frequency relationship.


This Recommendation, with its three detailed Annexes, provides the essential requirements for the identification and analysis of interference situations and for the coordination between broadcasting and aeronautical interests within a country or between countries. The criteria and methods have been developed and reviewed by a group of experts and represent the best available information on the subject. Furthermore, the Recommendation is recognized by aeronautical and telecom​munication authorities as the definitive guidance for planning and coordination purposes.


SARPs on FM‑immunity for ILS, VOR, GBAS, VDL and VHF communications

Since 1984, Annex 10 has incorporated provisions covering the FM-immunity performance of airborne receivers. These performance requirements are a considerable improvement compared to those of unmodified receivers. In many cases, compliance with these SARPs will require equipment replacement. These SARPs were incorporated to standardize the FM-immunity performance of ILS, VOR and VHF communication receivers to FM broadcast signals. While the SARPs were incorporated in the Annex with Amendment No. 65 in 1984, implementation was not required until 1998, allowing fourteen years for modification or refit. In some areas of the world, implementation is not necessary due to the lower level of implementation of both ILS/VOR and FM broadcasting stations. Implementation of these SARPs took place in Europe by 2001 and is foreseen in other regions.


The FM-immunity SARPs are contained in:



for ILS:
Annex 10, Volume I, Chapter 3, 3.1.4, Interference immunity performance for ILS localizer receiving systems and Annex 10, Volume I, Attachment C, 2.2.2, providing guidance material;



for VOR:
Annex 10, Volume I, Chapter 3, 3.3.8, Interference immunity performance for VOR receiving systems;



for GBAS:
Annex 10, Volume I, Appendix B, 3.6.8.2.2;



for VDL:
Annex 10, Volume III, Part I, 6.3.5.4 (VDL); and



for VHF
Com: Annex 10, Volume III, Part II, 2.3.3, Interference immunity performance and Annex 10, Volume III, Part II, Attachment, 1.3.


LEGBAC consultative arrangements


In Europe, the Limited European Group on Broadcasting Aeronautical Compatibility (LEGBAC) has developed a methodology, including software tools, to assess compatibility of assignments to FM broadcasting stations and ILS/VOR assignments. This methodology has been accepted as the European-wide assessment method. It is compliant with the provisions of the Final Acts of the 1984 ITU Broadcasting Conference, ITU-R Recommendation SM.1009 and the relevant SARPs.


Band: 117.975–137 MHz


Technical Information:


Service: AM(R)S


Aviation use: Air-ground and air-air communication (VHF voice and data)


Annex 10:



SARPs: Annex 10, Volume III, Part II, Chapter 2, 2.1, 2.2 and 2.3



Frequency plan: Annex 10, Volume V, Chapter 4, 4.1



Channelization: 25 kHz/8.33 kHz



Planning criteria: Doc 9718, Volume II

RTCA:


•
DO-186A, MOPS for airborne radio communications equipment operating within the radio frequency range 117.975–137 MHz (1995), Change 1 (1998), Change 2 (2002)


•
DO-207, MOPS for Devices that Prevent Blocked Channels Used in Two-Way Radio Communications Due to Unintentional Transmissions (1991)


•
DO-209, MOPS for Devices that Prevent Blocked Channels Used in Two-Way Radio Communications Due to Simultaneous Transmissions (1992), Errata (1992)


•
DO-219, MOPS for ATC Two-Way Data Link Communications (1993)


•
DO-267A, MASPS for Flight Information Services Broadcast (FIS-B) Data Link (2004)


•
DO-271B, Minimum Operational Performance Standards for Aircraft VDL Mode 3 Transceiver Operating in the Frequency Range 117.975– 137.000 MHz (2003)


•
DO-281, Minimum Operational Performance Standards for Aircraft VDL Mode 2 Physical, Link and Network Layer (2002)

Eurocae:


•
ED-23B, MOPS for Airborne VHF Rx-Tx Operating in 117.975–136.975 (1995), Amendment #3 (1997)


•
ED-67, MOPS for Devices That Prevent Unintentional or Continuous Transmissions


•
ED-92A, MOPS for Airborne VDL Mode 2 Transceiver Operating in the Frequency Range 118–136.975 MHz (2003)

ARINC characteristic:


566A-9, Mark 3 VHF Communications Transceiver


622-4, ATS Data Link Applications Over ACARS Air-Ground Network


631-3, VHF Digital Link Implementation Provisions Functional Description


716‑11, Airborne VHF Communications Transceiver


724-9, Mark 2 Aircraft Communications Addressing and Reporting System (ACARS)


750-4, VHF Data Radio

ITU Res./Rec.:


ITU‑R: ITU‑R  SM.1009: Compatibility between the sound broadcasting service in the band 87–108 MHz and the aeronautical services in the band 108–137 MHz


Other material:


•
RTCA DO-165, Initial Report on Civil Aviation Frequency Spectrum Requirements 1980–2000 (1976)



•
RTCA DO-169, VHF Air-Ground Communication Technology and Spectrum Utilization (1979)



•
RTCA DO-176, FM Broadcast Interference Related to Airborne ILS, VOR and VHF Communications (1981)



•
RTCA DO-224B, Signal-in-space MASPS for Advanced VHF Digital Data Communications Including Compatibility with Digital Voice Techniques (2000), Change 1 (2001), Change 2 (2002)


•
RTCA DO-225, VHF Air-Ground Communications System Improvements Alternatives Study and Selection of Proposals for Future Action (1994)



•
RTCA DO-264, Guidelines for Approval of the Provision and Use of Air Traffic Services Supported by Data Communications (2000)



•
RTCA DO-284, Next Generation Air/Ground Communication (NEXCOM) Safety and Performance Requirements (2003)



•
RTCA DO-285, Next Generation Air/Ground Communication (NEXCOM) VDL Mode 3 Interoperability (2003)



•
Eurocae ED-78A, Guidelines for the Approval of the Provision and Use of ATS Supported by Data Communications



•
Eurocae ED-85A, Data Link Application System Document (DLASD) for the “Departure Clearance” Data Link Service



•
Eurocae ED-89A, DLASD for the “ATIS” Data-link Service



•
Eurocae ED-100A, Interoperability Requirements for ATS Applications Using ARINC 622 Data Communications



•
Eurocae ED-106A, Data Link Application System Document for “Oceanic Clearance” (OCL) Datalink Service



•
Eurocae ED-110A, Interoperability Requirements Standard for ATN Baseline 1 (Interop ATN B1)



•
Eurocae ED-120, Safety and Performance Requirements Standard for Initial Air Traffic DLS in Continental Airspace


Frequency: 121.5 MHz, 123.1 MHz and 243 MHz


Technical Information:


Annex 10:



SARPs: Annex 10, Volume III, Part II, Chapter 5



Frequency plan: Annex 10, Volume V, Chapter 4



Channelization:



Planning criteria:


RTCA: DO-183, MOPS for Emergency Locator Transmitters-Automatic Fixed- ELT (AF), Automatic Portable-ELT (AP), Automatic Deployable-ELT (AD), Survival-ELT (S) Operating on 121.5 and 243.0 MHz (1983)


Eurocae: ED-62, MOPS for Aircraft Emergency Locator Transmitters (121.5/243 MHz and 406 MHz)


ARINC characteristic: 


ITU Res./Rec.: Res. 18 (Mob‑83) relating to the procedure for identifying and announcing the position of ships and aircraft of States not parties to an armed conflict


ITU‑R: ITU-R  M.690-1: Technical characteristics of emergency position- indicating radio beacons (EPIRBs) operating on the carrier frequencies of 121.5 MHz and 243 MHz (This ITU-R Recommendation is incorporated by reference in the Radio Regulations as per Appendix 15 (Table 15-2)


Other material:


•
ITU Radio Regulations, Chapter VII


•
RTCA  DO-154, Recommended Basic Characteristics for Airborne Radio Homing and Alerting Equipment for Use with ELTs (1973)



•
RTCA  DO-182, ELT Equipment Installation and Performance (1982)

Band: 328.6–335.4 MHz


Technical Information:


Service: Aeronautical radionavigation


Aviation use: ILS glide path


Annex 10:



SARPs: Annex 10, Volume I, Chapter 3, 3.1.5



Frequency plan: Annex 10, Volume I, Chapter 3, 3.1.6



Channelization: 300 kHz or 150 kHz spacing



Planning criteria: as for ILS localizer


RTCA: DO-192,  MOPS for Airborne ILS Glide Slope Receiving Equipment Operating within the Radio Frequency Range of 328.6–335.4 MHz (1986)


Eurocae: ED-47B,  MOPS for Airborne Glide Path Receiving Equipment


ARINC characteristic: 551, Airborne Glide Slope Receiver — Mark 2


ITU Res./Rec.:

ITU‑R:

Other material: RTCA  DO-117, Standard Adjustment Criteria for Airborne Localizer and Glide Slope Receivers (1963), Errata


Band: 406–406.1 MHz


Technical Information:


Service: Mobile-satellite (Earth-to-space)


Aviation use: Search and rescue


Annex 10:


SARPs: Annex 6; Annex 10, Volume III, Part II, Chapter 5 and Appendix 1 to Chapter 5; and Annex 10, Volume V, Chapter 2.

RTCA: DO-204, MOPS for 406 MHz Emergency Locator Transmitters (ELT) (1989), Change 1 (1994), Change 2 (1997), Change 3 (2001)


Eurocae: ED-62, MOPS for Aircraft Emergency Locator Transmitters (121.5/ 243 MHz and 406 MHz)


ARINC characteristic:

ITU Res./Rec.: Res. 205 (Rev. Mob-87): Protection of the band 406–406.1 MHz allocated to the mobile-satellite service


ITU-R:


•
ITU-R  M.633 Transmission characteristics of a satellite position indicating radio beacon (satellite EPIRB) system operating through a low polar orbiting satellite system in the 406 MHz band



•
ITU-R  M.1478 Protection criteria for COSPAS/SARSAT search and rescue processors in the band 406–406.1 MHz. 


Other material: 



•
COSPAS/SARSAT Doc. C/S T.001; Specifications for COSPAS/ SARSAT 406 MHz distress beacons



•
COSPAS/SARSAT Doc. C/S T.012; 406 MHz frequency management plan


Band: 960–1 215 MHz


Technical Information:


Service: Aeronautical radionavigation


Aviation use: DME


Annex 10:



SARPs: DME: Annex 10, Volume I, Chapter 3, 3.5



Frequency plan:




DME: Annex 10, Volume I, Chapter 3, Table A




DME: Annex 10, Volume V, Chapter 4, 4.3



Planning criteria:




DME, Annex 10, Volume I, Attachment C, Section 7




EUR ANP COM/3


RTCA:


•
DO-152, Minimum Operational Characteristics — Vertical Guidance Equipment Used in Airborne Volumetric Navigational Systems (1972), Appendix D (1974)



•
DO-180A, MOPS for Airborne Area Navigation Equipment Using a Single Collocated VOR/DME Sensor Input (1990)



•
VOR: DO-187, MOPS for Airborne Area Navigation Equipment Using Multi-Sensor Inputs (1984)


•
DO-189, MOPS for Airborne DME Operating within the Radio Frequency Range of 960–1 215 MHz (1985)

Eurocae: 



•
ED-27, MOPR for Airborne Area Navigation Systems Based on VOR and DME as Sensors (1979)



•
ED-28, MPS for Airborne Area Navigation Computing Equipment Based on VOR and DME as Sensors



•
ED-39, MOPR for Airborne Area Navigation Systems Based on Two DME as Sensors (1984)



•
ED-40, MPS for Airborne Computing Equipment for Area Navigation Systems Using Two DME as Sensors (1984)



•
ED-54, MPS for (DME/N and DME/P) Interrogators (airborne equipment) (1987)



•
ED-57, MPS for distance measuring equipment (DME/N and DME/P) (ground equipment), (1986), Amendment #1 (1992)

ARINC characteristic: 709-8, Airborne DME Supplement 8, 709A-1, Precision Airborne DME


ITU Res./Rec.: Res. 605 (WRC-2000): Use of the frequency band 1 164–1 215 MHz by systems of the radionavigation-satellite service (space-to-Earth)


ITU‑R:



•
M.1639: Protection criterion for the aeronautical radionavigation service with respect to aggregate emissions from space stations in the radio- navigation-satellite service in the band 1 164–1 215 MHz



•
M.1642: Methodology for assessing the maximum aggregate equivalent power flux-density at an aeronautical radionavigation service station from all radionavigation-satellite service systems operating in the 1 164– 1 215  MHz band 


Other material:

Band: 978 MHz


Technical Information (UAT):


Service: Aeronautical radionavigation


Aviation use: ADS-B, TIS-B, FIS-B, Universal Access Transceiver (UAT)


Annex 10:


SARPS: Annex 10, Volume III, Chapter 12



Frequency plan: Single frequency



Channelization: Single frequency



Planning criteria:


RTCA:


•
DO-239, MOPS for Traffic Information Service (TIS) Data Link Communications (1997)



•
DO-267A, MASPS for Flight Information Services Broadcast (FIS-B) Data Link (2004)



•
DO-282A, MOPS for Universal Access Transceiver (UAT) Automated Dependent Surveillance-Broadcast (2004)



•
DO-286A, MASPS for Traffic Information Services-Broadcast (TIS-B) (2005)


Eurocae: 


ARINC characteristic:

ITU Res./Rec.:

ITU‑R:

Other material: RTCA DO-232, Operations Concepts for Data Link Applications of Flight Information Services (1996)


Bands: 1 030 MHz and 1 090 MHz


Technical Information (SSR):


Service: Aeronautical radionavigation


Aviation use: SSR/ACAS


Annex 10:


SARPs: Annex 10, Volume IV, Chapters 3 and 4


Frequency plan: Two frequencies: 1 030 MHz for ground-to-air interrogations and 1 090 MHz for air-to-ground reply


Channelization: N/A


Planning criteria: Coordination of the pulse repetition frequency (PRF) on a national basis is required for overlapping coverage areas of SSR

RTCA:


•
DO-144, Minimum Operational Characteristics-Airborne ATC Transponder Systems (1970), Change 1



•
DO-181C, MOPS for ATCRBS/Mode S Airborne Equipment (2001), Change 1 (2002)


•
DO-185A, Minimum Operational Performance Standards for Traffic Alert and Collision Avoidance System II (TCAS II) Airborne Equipment (1997)


•
DO-197A, Minimum Operational Performance Standards for an Active Traffic Alert and Collision Avoidance System I (Active TCAS I) (1994), Change 1 (1997)



•
DO-218B, MOPS for the Mode S Airborne Data Link Processor (2001)

Eurocae: 



Mode S:



•
MOPS for the Airborne Data Links Processor



•
ED-86, Equipment Characteristics for Mode S Transponders with Extended Interface Functions



•
ED-101, MOPS for Mode S Specific Service Applications



•
ED-117, MOPS for Mode S Multilateration Systems for Use in A-SMGCS (2003) [Rx or Tx/Rx]



SSR:



•
1/WG7/71, MPS for Airborne Secondary Surveillance Radar Transponder Apparatus



•
ED-43, MOPR for SSR Transponder and Alticoder



•
ED-73B, MOPS for SSR Mode S Transponders (2003)



•
ED-115, MOPS for Light Aviation SSR Transponders (2002)


ARINC characteristic:



718-4, Mark 3 ATC Transponder (ATCRBS/Mode S)



718A-1, Mark 4 ATC Transponder (ATCRBS/Mode S)



735-2, TCAS; 735A-1 Mark 2 TCAS


ITU Res./Rec.: Res. 18 (Mob‑83): Relating to the procedure for identifying and announcing the position of ships and aircraft of States not parties to an armed conflict

ITU‑R:

Other material: RTCA DO-184, Traffic Alert and Collision Avoidance System (TCAS) I Functional Guidelines (1983)


Band: 1 090 MHz


Technical Information (1090ES):


Service: Aeronautical radionavigation


Aviation use: ADS-B, Mode S Extended Squitter


Annex 10:


SARPS: 




Annex 10, Volume III, Part II, Appendix to Chapter 5




Annex 10, Volume IV, Chapter 3



Frequency plan: Single frequency



Channelization: Single frequency



Planning criteria:


RTCA:


•
DO-242A, Minimum Aviation System Performance Standards for Automatic Dependent Surveillance Broadcast (ADS-B) (2002)



•
DO-260A, MOPS for 1 090 MHz Extended Squitter Automatic Dependent Surveillance-Broadcast (ADS-B) and Traffic Information Services (TIS-B) (2003)


Eurocae: ED-102, MOPS for 1 090 MHz ADS-B (2000)


ARINC characteristic: 745-2, Automatic Dependent Surveillance


ITU Res./Rec.:

ITU‑R:

Other material:

Band: 1 215–1 400 MHz


Technical Information:


Service: Radiolocation/Aeronautical radionavigation/Radionavigation-satellite


Aviation use: Medium- and long-range surveillance radar


Annex 10:


SARPs:


Frequency plan: Nationally produced


Channelization: Nationally produced


Planning criteria: Nationally produced

RTCA: DO-206, MASPS for Radiodetermination Satellite Service (RDSS) (1990)


Eurocae:

ARINC characteristic:

ITU Res./Rec.:

ITU‑R:


•
ITU-R  M.1463: Characteristics of and protection criteria for radars operating in the radiodetermination service in the frequency band 1 215–1 400 MHz



•
M.1584 – Methodology for computation of separation distances between Earth stations of the radionavigation-satellite service (Earth-to-space) and radars of the radiolocation service and the aeronautical radionavigation service in the frequency band 1 300—1 350 MHz


Other material:

Bands: 1 544–1 545 MHz and 1 645.5–1 646.5 MHz


Technical Information:


Service: Mobile-satellite


Aviation use: Distress and safety communications (satellite EPIRBs)


Annex 10:


SARPs:


Frequency plan:


Planning criteria:

RTCA:

Eurocae:

ARINC characteristic: 761-2, Second Generation Aviation Satellite Communi​cations System, Aircraft Installation Provisions


ITU Res./Rec.: Radio Regulations: Article N38/Appendix 15


ITU‑R:

Other material:

Bands: 1 525-1 559 MHz and 1 626.5–1 660.5 MHz


Technical Information:


Service: AMS(R)S


Aviation use: Satellite communications


Annex 10:


SARPs: Annex 10, Volume III, Part I, Chapter 4


Frequency plan: Prepared by space segment provider


Channelization:


Planning criteria:

RTCA:


•
DO-215A, Guidance on Aeronautical Mobile Satellite Service (AMSS) End-to-End System Performance (1995), Change 1 (1998)



•
DO-210D, MOPS for Geosynchronous Orbit Aeronautical Mobile Satellite Services (AMSS) Avionics (2000), Change 1 (2000), Change 2 (2001)



•
DO-270, MASPS for the Aeronautical Mobile-Satellite (R) Service (AMS(R)S) as Used in Aeronautical Data Links (2001)


Eurocae:

ARINC characteristic:


741
P1, Aviation Satellite Communications System: Part 1 — Aircraft Installation Provisions; 



741
P2, ASCS: Part 2 — System Design and Equipment Functional Description;



741
P4, ASCL: Part 4 — Specification and Description Language


ITU Res./Rec.:


•
Res. 44 (Mob-87): Compatibility of equipment used in the mobile-satellite service


•
Res. 222 (WRC-2000): Use of the bands 1 525–1 559 MHz and 1 626.5–1 660.5 MHz by the mobile-satellite service

ITU‑R:


•
ITU‑R  M.828-1: Definition of availability for communication circuits in the mobile-satellite service



•
ITU‑R  M.1037: Bit error performance objectives for the AMS(R)S radio links



•
ITU-R  M.1089: Technical considerations for the coordination of mobile-satellite systems supporting the AMS(R)S


•
ITU-R  M.1180: Availability of communication circuits in the AMS(R)S



•
ITU-R  M.1233: Technical considerations for sharing satellite network resources between the MSS (other than AMS(R)S) and AMS(R)S



•
ITU-R  M.1234: Permissible level of interference in a digital channel of a geostationary satellite network in the AMS(R)S in the bands 1 545–1 555 MHz and 1 646.5–1 656.5 MHz and its associated feeder links caused by other networks of this service and the FSS

Other material:



•
AMCP/5 Report



•
RTCA  DO-231, Design Guidelines and Recommended Standards for the Implementation and Use of AMS(R)S Voice Services in a Data Link Environment (1996)



•
RTCA  DO-262, MOPS for Avionics Supporting Next Generation Satellite Systems (NGSS) (2000), Change 1 (2001)


Band: 1 559–1 626.5 MHz


Technical Information:


Service: Radionavigation-satellite/Aeronautical radionavigation


Aviation use: GNSS


Annex 10:



SARPs: Annex 10, Volume I, Chapters 2 and 3



Frequency plan: GPS; GLONASS



Channelization:



Planning criteria:


RTCA:


•
DO‑208, MOPS for Airborne Supplemental Navigation Equipment using GPS (1991), Change 1 (1993) Errata (1995)



•
DO‑228, MOPS for GNSS Airborne Antenna Equipment (1999), Change 1 (2000)



•
DO-229C, MOPS for Global Positioning System/Wide Area Augmentation System Airborne Equipment (2001), Errata (2002)





Note.— DO-235A (not a Standard) is shown below under Other Material.



•
DO-245A, Minimum Aviation System Performance Standards for Local Area Augmentation System (LAAS) (2004)



•
DO-246C, GNSS Based Precision Approach Local Area Augmentation System (LAAS) — Signal-in-Space Interface Control Document (ICD) (2005)



•
DO-253A, MOPS for GPS Local Area Augmentation System Airborne Equipment (2001)



•
DO-261, NAVSTAR GPS L5 Signal Specification (2000)


Eurocae:


•
ED-72A, MOPS for Airborne GPS Receiving Equipment Used for Supplemental Means of Navigation (1997)



•
ED-88, MOPS for MMR including ILS, MLS, and GPS Used for Supplemental Means of Navigation



•
ED-97, Interim Technical Performance Statement for EGNOS/WAAS Airborne Equipment (2000)


ARINC characteristic:


743, Airborne GPS Receiver, 743A, GNSS Sensor;



756-3, GNSS Navigation & Landing Unit



760-1, GNSS Navigation Unit (GNU)


ITU Res./Rec.:


•
Res. 610 (WRC-03): Coordination and bilateral resolution of technical compatibility issues for radionavigation-satellite service networks and systems in the bands 1 164–1 300 MHz, 1 559–1 610 MHz and 5 010–5 030 MHz



•
Res. 739 (Rev. WRC-07): Compatibility between the radio astronomy service and the active space services in certain adjacent and nearby frequency bands


•
Res. 212 (Rev. WRC-07): Implementation of International Mobile Telecommunications in the bands 1 885–2 025 MHz and 2 110–2 200 MHz



•
Res. 225 (Rev. WRC-07): Use of additional frequency bands for the satellite component of IMT


ITU-R:


•
ITU‑R  M.823: Technical characteristics for differential transmissions for GNSS from maritime radio beacons in the frequency band 283.6–315 MHz in Region 1 and 285–325 MHz in Regions 2 and 3



•
ITU‑R  M.1088: Considerations for sharing with systems of other services operating in the bands allocated to the radionavigation-satellite service



•
ITU-R  M.1317: Considerations for sharing between systems of other services operating in bands allocated to the radionavigation-satellite service and aeronautical radionavigation services and the global navigation satellite system GLONASS


•
ITU-R  M.1318: Interference protection evaluation model for the radionavigation-satellite service in the 1 559–1 610 MHz band



•
ITU-R  M.1343: Essential technical requirements of mobile Earth stations for global non-geostationary mobile-satellite service systems in the band 1–3 GHz



•
ITU-R  M.1477: Technical and performance characteristics of current and planned radionavigation-satellite service (space-to-Earth) and aeronautical radionavigation service receivers to be considered in interference studies in the band 1 559–1 610 MHz


•
ITU-R  M.1480: Essential technical requirements of land mobile Earth stations for global GSO MSS systems providing voice and/or data communications in the band 1–3 GHz


•
ITU-R  M.1903: Characteristics and protection criteria for receiving earth stations in the radionavigation-satellite service (space-to-Earth) and receivers in the aeronautical radionavigation service operating in the band 1 559-1 610 MHz


Other material:


•
GNSS Panel Reports



•
RTCA DO‑235A, Assessment of Radio Frequency Interference Relevant to GNSS (2002)



•
RTCA DO-292, Assessment of Radio Frequency Interference Relevant to the GNSS L5/E5A Frequency Band (2004)

PROTECTION OF GNSS IN BAND 1 559–1 610 MHz


The radionavigation-satellite band at 1 559–1 610 MHz supports the operation of the GNSS which is expected to become the future all-purpose radionavigation system for aviation operations. GPS and GLONASS, presently in operation, have been identified as the initial components of the systems that will be used, possibly with ground augmentation. Both systems are also available for all purposes where a position fixing facility is required. This includes all mobile navigation needs for land, sea or air, survey, mineral exploitation, search and rescue, etc.


Very stringent integrity and reliability standards, and other performance characteristics have been developed by the ICAO NSP (see SARPs for GNSS). Both GPS and GLONASS operate using multiple orbiting satellites (up to 24 in number) at around 20 000 km above the Earth’s surface. Each satellite transmits exact orbital parameters (ephemeris data) with its corresponding highly accurate (atomic source) timing signal. Ground receivers solve four simultaneous equations for at least three sets of position data using the receivers’ integral accurate time source to obtain a two-dimensional position. A minimum of four satellites is required to provide a three-dimensional position. The two systems use different methods of modulation and transmission, with GPS using pseudo-random coding transmitted on the same frequency and GLONASS using frequency division on discrete frequency for individual satellites.


Brief spectrum details of the occupation of the 1 559–1 610 MHz frequency band, present and expected, are shown in Figure 7-5. The details of the two systems presently in operation are:


GPS. The centre frequency is 1 575.42 MHz. The occupied bandwidth is dependent on the type of receiver, and its tracking process coarse acquisition (C/A) code requires plus or minus 4 MHz and precision (P) code plus or minus 12 MHz.


GLONASS. GLONASS operates on 12 frequencies spaced at 0.5625 MHz in the band between 1 598.0625 and 1 605.3750.

GNSS augmentation. Proposals have been made for augmentation systems to improve GNSS integrity, which may operate in the lower end of the 1 559–1 610 MHz band. Protection requirements are tentative but early indications are that they would be similar to the systems already in use.


Aircraft receiving system protection

The performance requirements for the aircraft receiving system in regard to the projection from interference are contained in: 


—
Annex 10, Volume I


—
RTCA DO-229C, Minimum Operational Performance Standards for Global Positioning System/Wide Area Augmentation System (GPS/WAAS) Airborne Equipment (2001), Errata (2002);


—
RTCA DO-228, Minimum Operational Performance Standards for Global Navigation Satellite Systems (GNSS) Airborne Antenna Equipment (1999), Change 1 (2000).


The document RTCA DO-235A, Assessment of Radio Frequency Interference Relevant to the GNSS (2002), addresses the specifics of the interference situation. This document contains basic material for protection calculations.


The maximum tolerable aggregate interference power levels measured at the antenna port for aircraft receivers, as contained in Annex 10, Volume I, are:

		

		Tracking

		Acquisition



		GPS

		

		



		Narrow-band signals

		–150.5 dBW

		–156.5 dBW



		Wide-band signals

		–140.5 dBW per 1 MHz

		–146.5 dBW per 1 MHz



		GLONASS

		

		



		Narrow-band signals

		–150.5 dBW

		–155 dBW



		Wide-band signals

		–140/5 dBW per 1 MHz

		–146.5 dBW per 1 MHz





Wide-band signals are 1 MHz and wider, and narrow-band are nominally less than 700 kHz.


Sharing and protection from other radio services


Fixed links


No published characteristics are available for the fixed links operated under Footnotes 5.362B and 5.362C by the countries included in the footnotes. Information from other work in connection with these fixed links indicates typical systems with characteristics as follows:


Frequency:
Anywhere in band 1 400–1 660 MHz at a bandwidth of 600 kHz


Output Power:
1.2 W


Antenna Gain:
up to 22 dB


Front/Back:
16 dB


Side Lobe Attenuation:
9 dB min


With these characteristics, unacceptable interference to GNSS services could exist at distances of 400 km and greater to an aircraft receiver in the main lobe of the fixed link transmitter. Ground station GNSS monitors used for augmentation may be affected within 80 km. The numbers, locations and operating frequencies of the equipment are only known to the licensing national administrations. National coordination with authorities in the countries concerned is necessary to establish the sharing possibilities on an individual site basis.


These links have the potential to inhibit GNSS operations over a wide area. The problem has been recognized internationally. ICAO Policy (Section 1 559– 1 626.5 MHz of this handbook) supports the removal of the GNSS band at 1 559–1 610 MHz from both footnotes.

ICAO studies


The ICAO GNSS Panel has prepared material on the protection of GNSS to be used as ICAO input documentation to ITU-R and other discussions on this subject. This material contains the protection requirements for all GNSS and support systems that are expected to be utilized for aviation purposes.


The protection requirements for GNSS systems as stated by the NSP are:



•
Minus 137 dBW/m2/MHz (wide-band signals)



•
Minus 148 dBW/m2/MHz (narrow-band signals).

Protection of GNSS from the spurious emissions


of mobile Earth stations (MES)


Mobile-satellite terminals in the band 1–3 GHz


The band 1 610–1 626.5 MHz is allocated for use by mobile-satellite terminals for transmissions in the Earth-to-space direction to satellites in non-geostationary orbits (NGSO). The mobile terminals may either be fixed to a vehicle or other mobile unit, or be hand-held. The systems presently proposed may be either of CDMA (wide-band) or of FDMA (narrow-band) type. These systems generate unwanted emissions which can interfere with GNSS services in the band 1 559–1 610 MHz.


GSO mobile-satellite systems operating in other bands between 1 and 3 GHz and particularly the Earth-to-space band at 1 660–1 660.5 MHz also have the potential to cause interference. The latter band is also used by AMS(R)S for transmissions from the aircraft (i.e. from an aeronautical Earth station) to the satellite. For this situation, special measures have to be applied by aircraft systems designers to maintain the AMS(R)S signal level at the GNSS antenna below the agreed protection value. 


Any of these mobile terminals may be used in the vicinity of airports, which creates the need for an international agreement to control the manufacture and use of, and the cross-border controls relating to, such terminals. The Global Mobile Personal Communications by Satellite MOU, developed jointly by ITU and the World Telecommunications Policy Forum 1996, has been raised for signature by all participating countries as an agreement addressing the import and control of mobile-satellite equipment.


NGSO MES terminals


Protection of GNSS from NGSO MES is addressed by Recommendation ITU-R M.1343 (Essential technical requirements of mobile Earth stations for global non-geostationary mobile-satellite systems in the band 1–3 GHz).


The purpose of this recommendation, approved in 1997, is to provide a common technical basis to:



1)
establish type approval requirements for MES terminals;



2)
facilitate the licensing of MES terminal operations;



3)
facilitate the development of mutual recognition arrangements of type approvals of MES terminals; and



4)
facilitate the development of mutual recognition arrangements to facilitate the circulation and the use of MES terminals.


GSO MES terminals


Protection of GNSS from GSO MES is addressed by Recommendation ITU-R M.1480 (Essential technical requirements of land mobile Earth stations for global GSO MSS systems providing voice and/or data communications in the band 1–3 GHz).


This recommendation has been developed from a European initiative which was approved by the ITU-Radiocommunication Sector.


The data for the “carrier-on” condition only have been extracted. For the “carrier-off” condition and all other relevant data, reference should be made to the Recommendation. The subject is complex and the information presented here is for general guidance only.


The limits relate to the level of unwanted emissions at the output of the MES in the frequency bands quoted. The first column is for terminals with antenna gain less than 8 dBi and e.i.r.p. less than 15 dBW. The measurement bandwidth is 1 MHz unless indicated otherwise.


		Frequency range

		e.i.r.p. limit

		e.i.r.p. limit



		(MHz)

		(dBW)

		(dBW)



		1 559–1 600

		–70

		–70



		1 600–1 605

		–70

		–70



		1 605–1 612.5

		–70 to –58.5 (1)

		(2)



		Notes.—


1.
Linear interpolation in dBW versus frequency.


2.
Linearly interpreted from –70 dBW in 1 MHz at 1 605 MHz to –46 dBW at 1 610 MHz. Special conditions are applicable to GLONASS protection (see Recommendation).





Band: 2 700–3 300 MHz


Technical Information:


Service: Aeronautical radionavigation/Radionavigation


Aviation use: Primary surveillance radar, surveillance radar element of precision approach radar (PAR) medium-range systems, ground-based weather radar.


Annex 10:



SARPs: Annex 10, Volume I, Chapter 3, 3.2.4



Frequency plan:



Planning criteria:


RTCA:

Eurocae:

ARINC characteristic:

ITU Res./Rec.:


ITU-R:



•
ITU-R  M.629: Use for the RN service of the frequency bands 2 900–3 100 MHz, 5 470–5 650 MHz, 9 200–9 300 MHz, 9 300– 9 500 MHz and 9 500–9 800 MHz



•
ITU-R  M.1460: Technical and operational characteristics and protection criteria of radiodetermination and meteorological radars in the 2 900– 3 100 MHz band



•
ITU-R  M.1461: Procedures for determining the potential for interference between radars operating in the radiodetermination service and systems in other services



•
ITU-R  M.1464: Characteristics of and protection criteria for radionavigation and meteorological radars operating in the frequency band 2 700–2 900 MHz



•
ITU-R  M.1465: Characteristics of and protection criteria for radars operating in the radiodetermination service in the frequency band 3 100–3 700 MHz


Other material:


Band: 4 200–4 400 MHz


Technical Information:


Service: Aeronautical radionavigation


Aviation use: Radio altimeters


Annex 10


SARPs:


Frequency plan:


Planning criteria: 

RTCA:


•
DO-155, Minimum Performance Standards — Airborne Low-range Radar Altimeters (1974)


•
DO-161A, Minimum Performance Standards — Airborne Ground Proximity Warning Equipment (1976)

Eurocae:



•
ED-30, MPS for Airborne Low-Range Radio (Radar) Altimeter Equipment (1980), Amend. 1 (1980)



•
ED-83, Recommendations on Ground Collision Avoidance Systems


ARINC characteristic:


594-4, Ground Proximity Warning System (GPWS)



723-3, Ground Proximity Warning System



707-6, Radar Altimeter (RALT) Supplement 6


ITU Res./Rec.: Rec. No. 606 (Mob‑87): The possibility of reducing the band 4 200–4 400 MHz used by radio altimeters in the aeronautical radionavigation service

ITU-R:


•
Report [BL/8] (Düsseldorf 1990)


•
Question 94/8: Bandwidth required for radio altimeter

Other material:


PROTECTION ASPECTS OF RADIO ALTIMETERS


IN BAND 4 200–4 400 MHz

General

The frequency band at 4 200–4 400 MHz has been allocated to the aeronautical radionavigation service (ARNS) and is reserved exclusively for radio altimeters by Footnote 5.438. The radio altimeter, in one of its main applications, performs the highly important task of providing flare guidance in the last stages of automated approach to land. Equally critical is its use as an input to ground proximity warning systems (GPWS) in aircraft, which give a “pull up” warning at a predetermined altitude and closure rate.

For these applications, a good interference rejection performance is essential. Integrity standards of the order of one failure in 1019 operations are not uncommon. The use of a wide frequency band is an essential feature in effective designs to achieve high orders of interference rejection and freedom from disruptive effects due to the high levels of pollution of the radio environment which exist in densely populated areas.


Studies have determined the necessity for the retention of the existing 200 MHz of spectrum to meet the exacting requirements of high accuracy with good all-round performance.


ITU-R studies

CCIR Report 1186 discusses the technical background to meeting the operational performance required for modern conditions. It concludes that:


“The whole of the band 4 200 to 4 400 MHz currently allocated is required up to at least the year 2015.”


In coming to this conclusion, Report 1186 reviews the accuracy requirements and the design features to meet those requirements as laid down in MOPS and MASPS. The relationship between frequency excursion and accuracy is particularly noted. Typical performance requirements are contained in ARINC Doc 707-1, Section 3.7 as follows:



•
Accuracy: Within 1.5 ft., or 2 per cent if greater, in the range 20 to 2 500 ft.



•
Output noise: 0.25 ft.



•
Output Resolution: 0.125 ft.


Band: 5 000–5 250 MHz


Technical Information:


Service: Aeronautical radionavigation


Aviation use: MLS


Annex 10:


SARPs: Annex 10, Volume I, Chapter 3, 3.11


Frequency plan: Annex 10, Volume I, Table A


Planning criteria:



Annex 10, Volume V, Chapter 4, 4.4



Annex 10, Volume I, Attachment G, Section 9

RTCA: DO‑177, MOPS for MLS airborne receiving equipment (1981), Change 1 & 2 (1986)


Eurocae: 



•
ED-36, MOPS for MLS Airborne Receiving Equipment



•
ED-53A, MOPS for MLS Ground Based Equipment



•
ED-74, MOPS for Combined ILS and MLS Airborne Receiving Equipment, Amend. 1 (1997)



•
ED-88, MOPS for MMR including ILS, MLS, and GPS used for Supplemental Means of Navigation

ARINC characteristic: 727-1, Airborne Microwave Landing System


ITU Res./Rec.: Rec. 607 (Mob‑87): Future requirements of the band 5 000–5 250 MHz for the aeronautical radionavigation service


ITU-R:


•
ITU-R  S.1342: Method for determining coordination distances, in the 5 GHz band, between the international standard microwave landing System (MLS) in the aeronautical radionavigation service (ARNS) and non-geostationary mobile-satellite service stations providing feeder uplink services



•
M.1582: Method for determining coordination distances, in the 5 GHz band, between the international standard microwave landing system stations operating in the aeronautical radionavigation service and stations of the radionavigation-satellite service (Earth-to-space)


Other material: RTCA DO-226, Guidance Material for Evolving Airborne Precision Area Navigation Equipment with Emphasis on MLS (1995)


MLS COORDINATION WITH FSS


IN BAND 5 090–5 150 MHz


Protection requirements for MLS (coordination with FSS Earth stations)


The band 5 000–5 250 MHz is allocated to the aeronautical radionavigation service (ARNS). Footnote 5.444 gives precedence in the band 5 030–5 150 MHz to the international standard system (microwave landing system) for precision approach and landing. Footnote 5.444A allocates on a joint primary basis the band 5 091–5 150 MHz to the FSS (for mobile-satellite feeder links) in the Earth-to-space direction until the year 2010. This allocation was made by ITU WRC-95. Resolution No. 114, calling for studies of the compatibility between these two services, was approved.

The compatibility studies under Resolution 114 were carried out by ITU-R WP4A, which primarily deals with fixed-satellite systems, and it was found appropriate for the results of the work obtained in WP4A to be examined by the ICAO AWOP/16 held in 1997. AWOP/16 proposed numerous amendments, most of which were later adopted at the ITU Radiocommunication Assembly in 1997.


ITU-R Recommendations


The method for the determination of coordination distances between Earth stations in the mobile-satellite service (feeder links) in the band 5 091–5 150 MHz and MLS in the band 5 030–5 090 MHz which was agreed in ITU-R is contained in ITU-R Rec. S.1342 (Method for determining coordination distances, in the 5 GHz band, between the international standard microwave landing system (MLS) in the aeronautical radionavigation service (ARNS) and non-geostationary mobile- satellite service stations providing feeder uplink services).


This Recommendation addresses only the protection of MLS in the band 5 030–5 090 MHz. This band is displayed at Table A of Annex 10, Volume I, which specifies 200 channels for MLS installations. The Recommendation recognizes that the sharing between MLS in the band 5 091–5 150 MHz and the FSS in the band 5 091–5 250 MHz, and other new ARNS in the band 5 030–5 250 MHz and FSS in the band 5 091–5 250 MHz remains to be studied. (It should also be noted that AWOP/16 concluded that co-frequency sharing between the FSS and MLS is not feasible.) The band 5 091–5 150 MHz is required to satisfy future long-term requirements.


Band: 5 350–5 470 MHz


Technical Information:


Service: Aeronautical radionavigation


Aviation use: Airborne weather radar


Annex 10:


SARPs: Annex 6, Part I, Chapter 6, 6.11


Frequency plan:


Channelization:


Planning criteria: 

RTCA: 



•
DO-173, Minimum Operational Performance Standards for Airborne Weather and Ground Mapping Pulsed Radars (1980), Corrigendum/ Errata/Change 1



•
DO-220, Minimum Operational Performance Standards for Airborne Weather Radar with Forward-Looking Windshear Detection Capability (1993), Change 1 (1995)


Eurocae:

ARINC characteristic: No. 708A-3, Airborne Weather Radar with Forward Looking Windshear Detection Capability


ITU Res./Rec.:

ITU‑R:

Other material:

Band: 8 750–8 850 MHz


Technical Information:


Service: Aeronautical radionavigation/radiolocation


Aviation use: Airborne Doppler radar


Annex 10:


SARPs:


Frequency plan:


Channelization:


Planning criteria:

RTCA:


•
DO-158, Minimum Performance Standards-Airborne Doppler Radar Navigation Equipment (1975)



•
DO-173, Minimum Operational Performance Standards for Airborne Weather and Ground Mapping Pulsed Radars (1980), Corrigendum/ Errata/Change 1



•
DO-220, Minimum Operational Performance Standards (MOPS) for Airborne Weather Radar with Forward-Looking Windshear Detection Capability (1993)


Eurocae:

ARINC characteristic:

ITU Res./Rec.:

ITU‑R:

Other material:

Band: 9 000–9 500 MHz


Technical Information:


Service: Aeronautical radionavigation/radionavigation


Aviation use: Primary radar 3 cm short-range applications including precision approach. Airport surface detection equipment (ASDE)


Annex 10:


SARPs: Annex 10, Volume I, Chapter 3, 3.2


Frequency plan:


Channelization:


Planning criteria:

RTCA: DO-173, Minimum Operational Performance Standards for Airborne Weather and Ground Mapping Pulsed Radars (1980), Corrigendum/ Errata/Change 1


Eurocae: ED-116, MOPS for Surface Movement Radar Sensor Systems for Use in A-SMGCS


ARINC characteristic:  708A-3, Airborne Weather Radar with Forward Looking Windshear Detection Capability


ITU Res./Rec.:

ITU‑R: ITU‑R  M.629: Use for the radionavigation service of the radio frequency bands 2 900–3 100 MHz, 5 470–5 650 MHz, 9 200–9 300 MHz, 9 300– 9 500 MHz and 9 500–9 800 MHz

Other material:

Band: 13.25–13.4 GHz


Technical Information:


Service: Aeronautical radionavigation


Aviation use: Airborne Doppler radar


Annex 10:


SARPs:


Frequency plan:


Channelization:


Planning criteria:

RTCA:


•
DO-158, Minimum Performance Standards-Airborne Doppler Radar Navigation Equipment (1975)



•
DO-173, Minimum Operational Performance Standards for Airborne Weather and Ground Mapping Pulsed Radars (1980), Corrigendum/ Errata/Change 1



•
DO-220, Minimum Operational Performance Standards (MOPS) for Airborne Weather Radar with Forward-Looking Windshear Detection Capability (1993), Change 1 (1995)

Eurocae:

ARINC characteristic:

ITU Res./Rec.:

ITU‑R: ITU‑R  M.496.3: Limits of power flux-density of radionavigation transmitters to protect space station receivers in the fixed-satellite service in the 14 GHz band


Other material:

Band: 15.4–15.7 GHz


Technical Information:


Service: Aeronautical radionavigation/radiolocation


Aviation use: Primary radar particularly airport surface detection equipment (ASDE)


Annex 10:


SARPs:


Frequency plan:


Channelization:


Planning criteria:

RTCA: DO-173, Minimum Operational Performance Standards for Airborne Weather and Ground Mapping Pulsed Radars (1980), Corrigendum/Errata/ Change 1


Eurocae: ED-116, MOPS for Surface Movement Radar Sensor Systems for use in A-SMGCS (2004)


ARINC characteristic:

ITU Res./Rec.:

ITU‑R:


•
ITU-R  S.1340: Sharing between feeder links for the mobile-satellite service and the aeronautical radionavigation service in the Earth-to-space direction in the band 15.4–15.7 GHz



•
ITU-R  S.1341: Sharing between feeder links for the mobile-satellite service and the aeronautical radionavigation service in the space-to-Earth direction in the band 15.4–15.7 GHz and the protection of the radio astronomy service in the band 15.35–15.4 GHz

SHARING IN THE BAND 15.4–15.7 GHz


General


The part of the band at 15.43–15.63 GHz of the aeronautical radionavigation band 15.4–15.7 GHz is shared with the fixed-satellite service (FSS), an allocation which was made by WRC-95 and later amended by WRC-97 (Footnote 5.511A). The FSS use is restricted to feeder links for non-geostationary satellites in the mobile-satellite service. The conditions of use are covered by Footnotes 5.511A and 5.511C, which place restrictions on both services as part of the protection requirements.


ITU-R studies

Aeronautical utilization of band


The band is utilized by the ARNS for a variety of systems:



•
Airport surface detection equipment (ASDE): radar systems used at civil airports for the control of surface movement;



•
Radar sensing and measurement system (RSMS): sensing systems used in small aircraft and helicopters for height and other low-range measurement;



•
Aircraft landing system(s) (ALS): a transportable landing system used for temporary airfields;



•
Multi-purpose radar (MPR): an airborne surveillance radar.


Descriptions of these systems are given in Annex A of the ITU-R Recommendations S.1340 and S.1341 (see below).


ITU-R Recommendations


(i) Rec. ITU-R  S.1340: Sharing between the ARNS and MSS Feeder Links in the Earth-to-space direction.


This recommendation contains the following limitations:


—
Limits the emissions from ALS and MPR at low angles (paragraph 2.1);


—
Limits horizontal emission by Earth stations to 54 dB (W/MHz);


—
Restricts RSMS to band 15.43 to 15.63 GHz;


—
Establishes coordination distances for the protection of ALS and MPR;


—
Urges the limit of 42 dBW on all ARNS stations.


(ii) Rec. ITU-R  S.1341: Sharing between Feeder Links for MSS and the ARNS and the RAS in the space-to-Earth direction.


This recommendation contains the following limitations:


—
Limits the power flux-density of the FSS at the Earth’s surface for various angles of arrival (paragraph 2.1);


—
Establishes coordination distances for ALS and MPR (paragraph 5);


—
Limits Earth stations to operate above 5 degrees;


—
Makes provision for the protection of the radio astronomy service in the band 15.35–15.4 GHz.


Band: 24.25–24.65 GHz


Technical Information:


Service: Radionavigation


Aviation use: Primary radar: airport surface detection equipment (ASDE)


Annex 10:


SARPs:


Frequency plan:


Channelization:


Planning criteria:

RTCA:


Eurocae:


ARINC characteristic:


ITU Res./Rec.:

ITU‑R:

Other material:

Band: 31.8–33.4 GHz


Technical Information:


Service: Radionavigation


Aviation use: Airport surface detection equipment (ASDE)


Annex 10:


SARPs:


Frequency plan:


Channelization:


Planning criteria:

RTCA:

Eurocae:

ARINC characteristic:

ITU Res./Rec.: Rec. No. 707 (WARC‑79): Relating to the use of the frequency band 32–33 GHz shared between the inter-satellite service and the radionavigation service.

ITU‑R:

Other material:

______________________


Attachment H


ITU RESOLUTIONS AND RECOMMENDATIONS


(as contained in the Radio Regulations)


1.    INTRODUCTION


The ITU Resolutions and Recommendations contained in the Radio Regulations and referenced below are relevant to specific frequency bands used by aviation, specific aviation safety systems or certain WRC agenda items referenced in the ICAO Position.


(Editor’s note, need to update the below)

		Resolution

		Footnotes/WRC-12 agenda item

		Band description



		18 (Rev. WRC-12)

		—

		



		67 (WRC-12)

		WRC-15 AI 9

		Rearrangement of the Radio Regulations



		75 (Rev. WRC-12)

		5.547

		31.8–32.3 and 37–38 GHz



		114 (Rev. WRC-12)

		5.444; 5.444A


WRC-15 AI 1.7

		5 091–5 150 MHz



		151 (WRC-12) 

		WRC-15 AI 1.6

		10–17 GHz


Region 1, fixed satellite service



		152 (WRC-12) 

		WRC-15 AI 1.6

		13–17 GHz 


Regions 2 and 3, fixed satellite service



		153 (WRC-12) 

		WRC-15 AI 1.5

		Use of non-safety, unprotected fixed satellite spectrum for unmanned aircraft



		154 (WRC-12)

		WRC-15 AI 9.1

		3 400–4 200 MHz; VSAT



		205 (Rev. WRC-12)

		—

		406–406.1 MHz



		207 (Rev. WRC-03)

		—

		Aeronautical HF bands



		215 (Rev. WRC-12)

		

		L-band mobile-satellite/ AMS(R)S spectrum



		221 (Rev. WRC-07)

		5.444

		5 030–5 150 MHz



		222 (Rev. WRC-07)

		5.353A; 5.357A

		L-band mobile-satellite/ AMS(R)S spectrum



		233 (WRC-12) 

		WRC-15 AI 1.1

		Mobile broadband below 6 GHz



		225 (Rev. WRC-12)

		5.351A

		L-band mobile-satellite; GNSS, 2 700–2 900 MHz



		229 (WRC-12)

		5.446A

		5 150–5 350 MHz



		405

		—

		Aeronautical HF bands



		413 (Rev. WRC-12)

		5.197A

		108–117.975 MHz; AM(R)S



		417 (Rev. WRC-12)

		5.327A

		960–1 164 MHz; AM(R)S



		418 (Rev. WRC-12)

		5.444B

		5 091–5 150 MHz (AMS)



		422 (WRC-12)

		—

		L-band mobile-satellite/ AMS(R)S spectrum



		423 (WRC-12)

		WRC-15 AI 1.17

		WAIC



		608 (WRC-03)

		5.329

		1 215–1 300 MHz



		609 (Rev. WRC-07)

		5.328A

		1 164–1 215 MHz



		610 (WRC-03)

		5.328B

		1 164–1 300 MHz; 1 559–1 610 MHz; 5 010–5 030 MHz



		651 (WRC-12) 

		WRC-15 AI 1.12

		9 000–9 200 MHz;

Earth exploration satellite service



		739 (Rev. WRC-07)

		5.208B

		1 525–1 559 MHz; 1 559–1 610 MHz



		748 (Rev. WRC-12)

		5.444B

		5 091–5 150 MHz (AMS, FSS)



		750 (Rev. WRC-12)

		5.338A

		1 350–1 400 MHz



		804 (Rev. WRC-12)

		—

		Establishment of WRC Agendas



		807 (WRC-12)

		—

		Agenda for WRC-15



		808 (WRC-12)

		—

		Agenda for WRC-18



		957

		—

		Definition of mobile and fixed services



		Recommendation

		Footnotes

		Band



		401

		—

		Aeronautical HF bands



		608 (Rev. WRC-07)

		—

		1 164–1 215 MHz



		707

		5.548

		31.8–33 GHz



		724 (WRC-07)

		—

		Use of VSAT stations



		201 (WRC12)

		—

		Mobile-satellite and ground components
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