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	SUMMARY

	This paper provides an overview of existing aviation safety margin requirements of radionavigation and radiocommunication systems, and identifies a possible ICAO position on the use of such margins for unmanned aircraft system (UAS) control and non-payload communications (CNPC) links that will use fixed-satellite service (FSS) spectral allocations.

	ACTION

	It is proposed that the working group take this information into account during its deliberations.


1. INTRODUCTION

Item 1.5 on the agenda of the 2015 World Radiocommunication Conference (WRC-15) calls for consideration of possible future use of certain FSS frequency bands by CNPC links of UAS operating in nonsegregated airspace.  The draft ICAO position paper for WRC-15 [1] states that the aeronautical mobile-satellite (route) service (AMS(R)S) is the appropriate type of spectrum allocation to support this type of service, and that if FSS bands are to be used in lieu of AMS(R)S, certain principles must be fulfilled to provide adequate protection against harmful interference.  Those principles include:
1) Identification of frequency bands where aeronautical safety systems are operating

and
3)
A safety margin can be applied during sharing studies.

The draft ICAO position paper also states that in order to fulfil the above principles, the use of AMS(R)S as well as FSS allocations for UAS CNPC must adhere to certain additional principles, including:

6)
… realistic worst-case conditions can be applied during sharing studies

and
7)
A consistent policy across all systems and frequency bands.

The purpose of this paper is to investigate what aviation safety margin (ASM), if any, should be included in the power and/or interference budgets of future satellite communications (SATCOM) CNPC systems to be used by UAS operating in nonsegregated airspace.
2. discussion

The power and/or interference budgets of some aeronautical navigation and communications systems include ASMs to allow for unforeseen factors that are difficult to quantify but could nevertheless lead to loss of life if not considered during system planning.  A literature search of applicable ICAO, RTCA, and International Telecommunication Union (ITU) Radiocommunication Sector (ITU-R) documentation has been performed to identify systems and services for which ASMs have been stipulated in the past.
2.1 General ICAO Guidance:  An ICAO handbook on radio-frequency (RF) spectrum requirements [2] alludes several times to ASMs but does not provide firm general guidance on the subject.  Paragraph 9.2.21 of that document recommends an extra margin on the order of 3 dB in cases where the net effect of many potentially interfering signals must be considered.  Paragraph 9.2.22 advocates a safety factor on the order of 6 dB or more for applications, especially precision approach and landing guidance, that have a high criticality for safety of life.  Paragraph 9.4.2 says that when an aviation RF system must share spectrum with non-aviation systems, in “the absence of other data, the usual planning ratio for wanted-to-unwanted signals within the aviation service should be enhanced to give a margin for uncertainties which cannot be quantified.  An increase of not less than 6 dB is often taken to be appropriate for this safety factor.”  Paragraph 9.4.3 says that at “higher frequencies in the GHz ranges, and for wideband low signal services, a more appropriate criterion is the acceptable increase in the noise floor, or the noise temperature, of the receiving system.”
2.2 Margins Used in Radionavigation Systems:  Table 1 summarizes ASMs used for several major radionavigation systems, including the Instrument Landing System (ILS), the Microwave Landing System (MLS), the radionavigation satellite service (RNSS), the Global Positioning System (GPS), and the Global Navigation Satellite System (GNSS).  For all of those systems, the ASM values are given in decibels.  In some cases, the recommended ASM value depends on the potential sources of RF interference (RFI).  Less protection is often considered to be needed against aeronautical interference sources such as Distance Measuring Equipment (DME) and Tactical Air Navigation (TACAN) because their numbers, positions, and power levels are more predictable than those of non-aeronautical emitters such as on-board personal electronic devices.
Table 1.  Published Aviation Safety Margins for Radionavigation Systems and Services
	Protected System or Service
	Reference
	Signal Type
	Aviation Safety Margin
	Rationale

	ILS
	ITU-R SM.1009-1 [3]
	Desired
	8 dB
	None given

	MLS
	ICAO Annex 10, Vol. 1, Attachment G [4], Table G-2
	Desired
	6 dB
	None given

	RNSS (1559–1610 MHz)
	ITU-R M.1903 [5]
	Undesired
	6 dB
	To account for risk of loss of life due to RFI that is real but not quantifiable

	GNSS (L1)
	RTCA DO-235B [6]
	Undesired (aeronautical)
	None
	Undesired aeronautical emissions are relatively predictable

	
	
	Undesired (non-aeronautical) 
	6 dB
	Non-aeronautical emissions are less predictable in number, position, and intensity

	GNSS (L5)
	RTCA DO-292 [7]
	Undesired (DME and TACAN)
	1 dB
	Small margin because DME/TACAN power is closely controlled

	
	
	Undesired (non-aeronautical)
	6 dB
	Non-aeronautical emissions are less predictable

	GPS and GNSS
	ICAO 9718-AN/957 [2], p. 7-106
	Undesired
	6–10 dB
	To account for aggregate effects of multiple interferers


2.3 Margins Used in Aeronautical Terrestrial Communications Systems:  Only two cases have been identified in which ASMs have been stipulated for terrestrial communications systems.  Both cases involve link budgets for desired signals and are shown in Table 2.  No case has been found of an interference or bandsharing analysis in which an ASM was applied explicitly to the calculation of undesired signal levels potentially affecting aeronautical terrestrial communications.

The first example is in the signal-in-space minimum aviation system performance standards (MASPS) [8] for the VHF Digital Link (VDL).  That document says there “should be a minimum of 5 dB link margin throughout every service volume” to ensure that VDL link availability will be no worse than that of the present analog air/ground voice communications system for air traffic services.  That 5-dB margin is not explicitly called an ASM but has the same effect as one.  It applies to data communications in VDL Mode 2 as well as to voice and data communications in VDL Mode 3. 

The second example is in an ITU-R report [9] that provides examples of possible technical parameters for UAS CNPC links.  Annex 1 of that report contains two separate parameter sets comprising examples of terrestrial UAS CNPC link budgets.  Each of the link budgets of the first parameter set explicitly includes a 6-dB ASM, although no rationale is given for it.  No ASMs are identified in the link budgets of the second parameter set.
Table 2.  Published Aviation Safety Margins for Terrestrial Communications Systems

	Protected System
	Reference
	Signal Type
	Aviation Safety Margin
	Rationale

	VHF Digital Link
	RTCA DO-224B [8], p. 275
	Desired
	5 dB
	To ensure link availability is no worse than in current VHF analog voice system

	Terrestrial CNPC
	ITU-R Report M.2233 [9], Annex 1, Parameter Set 1, Tables 1-1 and 1-2
	Desired
	6 dB
	None given


2.4 Margins Used in Aeronautical SATCOM Systems:  Our literature search has not found any mention of aviation safety margins (in decibels) pertaining to AMS(R)S or other SATCOM links in any ICAO, RTCA, or ITU-R document.  Instead, a different approach is generally taken in determining safety margins for aeronautical SATCOM systems.  The criterion of interest in such systems is generally expressed as a percentage of increase in the noise temperature in the presence of interference to the nominal noise temperature in the absence of interference (∆T / T), or as a percentage of increase of the interference-plus-noise power level.

An ITU-R Recommendation [10] states that in geostationary AMS(R)S networks in the 1545–1555 and 1646.5–1656.5 MHz bands,
· The total interference power level in a digital channel in the AMS(R)S, caused by the earth station and space station transmitters of all other mobile-satellite service (MSS) and FSS networks should not exceed 20% of the total noise power at the input to the demodulator that would result in the maximum bit-error rate (BER) allowed in [11], and

· The maximum permissible level of interference power in any such digital channel in the AMS(R)S caused by the transmitters of another mobile-satellite network or fixed-satellite network should not exceed 6% of the total noise power.
Section 3.3.1.2.2 of [12], an RTCA document applicable to all AMS(R)S bands, says that an AMS(R)S system is expected to provide adequate performance in the presence of an aggregate interference level from all external sources (non-AMS(R)S as well as AMS(R)S)) equal to 25% of the total noise power in the RF channel.
Similar limits apply to the FSS. An ITU-R Recommendation [13] states in-part that, in FSS digital links operating below 30 GHz:
“error performance degradation due to interference at frequencies below 30 GHz should be allotted portions of the aggregate interference budget of 32% or 27% of the clear-sky satellite system noise in the following way:


–
25% for other FSS systems for victim systems not practising frequency re-use;


–
20% for other FSS systems for victim systems practising frequency re-use;


–
6% for other systems having co-primary status;


–
1% for all other sources of interference,

and that the sum of all of the interference sources should not cause violation of the error performance objectives”
2.5 Conclusion:  The precedents set in [10] and [12] suggest that, to ensure consistent treatment of SATCOM CNPC links while maintaining satisfactory performance, these rules should be applied to the protection of all such links regardless of whether they use AMS(R)S or FSS bands:

· Total interference in a digital CNPC channel from all of the transmitters of any single MSS, FSS, or AMS(R)S network should not exceed 6% of the total noise power at the CNPC demodulator input,
· Total interference in a digital CNPC channel from transmitters of all MSS, FSS, and AMS(R)S networks combined should not exceed 20% of the total noise power at the CNPC demodulator input, and
· Total interference in a digital CNPC channel from all external sources combined (MSS, FSS, AMS(R)S, and other) should not exceed 25% of the total noise power at the CNPC demodulator input.
If these rules are followed, it does not appear necessary to establish specific aviation safety margins (in decibels) for any SATCOM CNPC links, regardless of band designation.  The above limits on interference-to-noise ratios will suffice to provide adequate protection against RFI.

3. ACTion by the meeting

The draft ICAO position regarding WRC-15 agenda item 1.5 on the use of fixed satellite service links for UAS CNPC includes the principle that safety margins can be applied in sharing studies.  As the material in this paper has demonstrated, sharing studies for FSS CNPC could be performed exactly as they are currently done for AMS(R)S.

It is proposed that the working group take this information into account during its deliberations.
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