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COMPATIBILITY AND CO-EXISTENCE OF CLASSIC AERO AMS(R)S AND IRIDIUM AMS(R)S IN SAME AIRSPACE
(Presented by J. Nemes)
	SUMMARY

	Classic Aero and Iridium operate in adjacent frequency bands, and hence emissions from one system (on one aircraft) may affect the other system (on a neighbouring aircraft). Since there is minimal separation between the frequency bands of the two systems, normal RF techniques to minimise emissions such as filtering are ineffectual. Further work is required to determine and document appropriate criteria for compatibility and co-existence between co-existent L-band services, and then determine how compatibility can be achieved between the Classic Aero AMS(R)S and Iridium AMS(R)S for aircraft operating in the same airspace. This work could be based on work that Iridium presented to ICAO many years ago.

Action by the ACP is in paragraph ‎3.


1. INTRODUCTION

1.1 This paper highlights concerns about compatibility and co-existence of Classic Aero AMS(R)S and Iridium AMS(R)S for aircraft using the same airspace.
2. discussion

2.1 The Classic Aero system operates in the band 1626.5 to 1660.5MHz (transmit from aircraft) and 1530 to 1559 MHz (receive to aircraft).  The Iridium system operates in the band 1616 to 1626.0MHz (transmit from aircraft) and 1616 to 1626.5MHz (receive to aircraft).  Hence there is no guardband between the Classic Aero transmit band and the Iridium receive band.  It is noted that the top 0.5MHz of the Iridium band is only used in the receive to aircraft direction.  Since there is minimal separation between the frequency bands of the two systems, normal RF techniques to minimise emissions such as filtering are ineffectual.

2.2 The performance requirements for Classic aero terminals are documented in a number of documents including:

a) ICAO SARPS (as published today);

b) RTCA DO210D;

c) Arinc 741; and

d) Inmarsat System Definition Manual.

2.3 The key performance requirements (in terms of the issues described in this working paper) are the frequency range of the terminal and the requirement for intermodulation products. Intermodulation products are caused by the terminals being ‘multi carrier’ and these carriers being radiated at different frequencies – typically three carriers are used for Classic Aero AMS(R)S - one for the data and signalling channel and two voice channels.  Attachment 1 provides further background information.

2.4 The above documents all define a transmit frequency range of 1626.5MHz to 1660.5MHz.

2.5 In the above documents, the intermodulation requirement  from Classic Aero terminals in the Iridium band (1616 to 1626.5MHz) are either undefined or vary between -24dBc and -45dBc depending on order of intermod and type of diplexer (a filter) fitted.  Many aircraft operating today will be certified to a value of -24dBc.

2.6 The intermodulation product interference received by an Iridium terminal on another aircraft will depend on whether the intermodulation products are in the Iridium band, the separation between the aircraft, and the gain of the two antennas in the direction of the line of sight between the aircraft.  Whether this interference will have an affect on an Iridium terminal will depend on the susceptibility of the receiver, the link margins, and whether the intermodulation product is ‘on an Iridium channel’ or not.  However it is noted that for aircraft that are flying close together, and if the interference is ‘on channel’ then this level of interference would be sufficient to affect an Iridium terminal with consequence loss of service.

2.7 Inmarsat note that for a Classic Aero terminal and Iridium terminal to co-exist on the same aircraft is an even more challenging task.

2.8 There are many thousands of aircraft fitted today with Classic Aero AMS(R)S terminals working with AMS(R)S satellite systems operated by both Inmarsat and the Japanese Civil Aviation Bureau.  There are established FANS routes in many FIRs that are dependent on use of existing Classic Aero AMS(R)S satcom equipment, and the airlines, ATSPs, CAAs etc have invested much money and effort over many years to implement these systems that provide considerable benefit to airlines.  The traffic using FANS for some major FIRs is shown below.
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Traffic Using FANS (courtesy Boeing)

2.9 The ‘Core SARPS’ that will shortly be published contains the following:

2.9.1 The total emissions of the AES necessary to meet designed system performance shall be controlled to avoid harmful interference to other systems necessary to support safety and regularity of air navigation, installed on the same or other aircraft.
Note 1.— Harmful interference can result from radiated and/or conducted emissions that include harmonics, discrete spurious, intermodulation product and noise emissions, and are not necessarily limited to the "transmitter on" state.
2.10 Inmarsat believe that any Iridium AMS(R)S systems on aircraft need to coexist with the current Classic Aero AMS(R)S equipment on another aircraft since it is understood that Air Traffic Service Providers intend to offer FANS service in airspace where either Iridium or Classic Aero systems may be used on aircraft.  Hence one aircraft could be using Classic Aero whilst another aircraft could be using Iridium.
2.11 It is understood that Iridium have made presentations to ICAO many years ago to show compatibility between Classic Aero and Iridium terminals operating on neighbouring aircraft, and it is further understood that these depend on key assumptions – that is if different assumptions were made then these analyses would have shown that the systems were not compatible.  Hence it is recommended that these assumptions are appropriately documented in the ICAO Technical manual, and are also documented as part of the validation of the Iridium system to demonstrate that it suitable as a safety service.
2.12 Inmarsat is concerned that without the above validation, and clear guidance on criteria (including assumptions) for compatibility analysis then a case might be made at a later date that the Inmarsat terminals are putting interference into the Iridium terminals, and based on the proposed SARPS para 4.3.2.1 changes to the terminals are needed.  Inmarsat believe that such changes would be expensive for airlines (if feasible), time consuming and could lead to loss of FANS capabilities to airlines until changes were made (if feasible).  Inmarsat further believe that such analysis should also take into account the Inmarsat Swift64 terminals and soon to be deployed SwiftBroadband terminals.
3. ACTION BY THE ACP
3.1 The ACP is invited to take note of the issues discussed in this working paper, and is recommended to set appropriate action in place to create a work plan to address the issue.
— — — — — — — —
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Appendix 


APPENDIX 
BACKGROUND TO INTERMODULATION PRODUCTS
Intermodulation products are caused by non linearities in RF systems.  For two carriers f1 and f2,  intermodulation products will be found at frequencies ( m x f1 ( n x f2 where k = m + n is the order of the intermodulation product.  In practice only odd values of k  are of interest, and a series of intermodulation products of different order are formed separated by the difference of the two carrier frequencies. This is shown below (orders of 9th and above are not shown).  In general the power of intermodulation products falls with order.
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