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	SUMMARY

	This working paper proposes an update to the note on MSS L-band.





1. 
INTRODUCTION
1.1 Based on Inmarsat working paper, FSMP initiated a note on the status of the MSS L-band.
2. DISCUSSION
2.1 The content of the draft note is proposed to be updated to focus on the processus for aviation to share information to spectrum regulators in order to address the provisional provisions. This proposal would require further development.
3. ACTION BY THE MEETING
3.1 The meeting is invited to:
a) note and review the Working Paper;
b) ask to reflect the modifications in the draft note to be attached to the FSMP Report.
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ATTACHMENT


Draft Information Note on the protection of aeronautical MES receivers from the introduction of IMT/LTE in the frequency band below 1518 MHz	

[Editorial Note.  Following discussions at FSMP WG/12, it was agreed to defer work on this Information Note to the next and/or future FSMP meeting(s), so as to consider the outcome from ITU-R Working Parties 4C and 5D in finalising the development of the Working Document towards a Preliminary Draft New Recommendation ITU-R M.[REC.MSS & IMT L-band COMPATIBILITY].  

There are no agreement on the draft text below as several concerns were expressed during the meeting and edits are likely.]


1. Introduction


This Information Note is intended to provide information to National Civil Aviation Authorities in order to response tothat can be used by the requests from their national radio regulators who are assessing the measures to facilitate the authorisation deployment of terrestrial IMT systems in the frequency band 1 492-1 518 MHz in a manner that is compatible with the operation of existing aeronautical L-band mobile earth-station receivers (‘aeronautical L-band MES’).

.  
These aeronautical L-band MES are used to support AMS(R)S communications within the frequency range 1 545-1 555 MHz worldwide (and additionally 1 555-1 559 MHz in the US) where AMS(R)S systems have priority access and immediate availability over other mobile-satellite communications operating within a network. In Europe, mobile communications Supplemental Downlink (SDL) below 1518 MHz are authorised within EU with harmonized technical conditions (see decision (UE) 2015/750, modified by the decision (UE) 2018/661 of the European Commission the 26 April 2018). Same harmonised technical condition has been implemented within CEPT (see ECC DEC/(13)03 (1452-1492 MHz) and ECC/DEC/(17)06 (1427-1452 MHz and 1492-1518 MHz). CEPT developed guidance to administrations “Measures to address potential blocking of MES operating in bands adjacent to 1518 MHz (including 1525- 1559 MHz) at sea ports and airports” in the ECC Report 299 in order to address potential blocking of L-band aeronautical MES receivers in specific areas or locations. The potential blocking of MSS is classified as a minor failure condition, and does not pose a direct threat to safety of flight in the vicinity of airports, it may result in the disruption of departures, delays and cost overruns for airlines.
The aeronautical MES that are affected include the potential for interference to existing Inmarsat aeronautical L-band MES which operate in supporting AMS(R)S communications within parts of the frequency bands 1 525-1 544 / 1545-1 559 MHz while AMS(R)S allocations are limited noting the fall-back requirement into the frequency band 1 545-1 555 MHz (and 1 545-1 559 MHz in the US) in the case of interference.

  
 This note is concerning the oOperation of aeronautical L-band MES is also permitted in the remaining part of the frequency band 1 525-1 559 MHz in specific areas or locations meanly at airports in which check (e.g. pre-flight, maintenance area) could be required in order to ensure that the relevant equipment would be operational during the flight. The access of aeronautical MES terminals to the 1 525-1 545 MHz frequency band is without priority access and immediate availability.  Such L-band aeronautical MES are deployed on aircraft in use in most countries. The frequency band 1 492-1 518 MHz is part of a wider frequency band (1 427-1 518 MHz) identified for IMT systems in the Radio Regulations.  Some administrations are considering making available all, or a part, of this wider frequency band for terrestrial IMT systems (including use for 4G and 5G terrestrial mobile systems).  The use of the upper part of the frequency band 1 492-1 518 MHz by IMT has a potential to cause interference   blocking effect of to aeronautical L-band MES receivers operating within the frequency range 1 525-1 559 MHz.  Studies in the ITU-R and CEPT have shown that there is a significant potential blocking effectfor interference to existing aeronautical L-band MES used at airports, for example when testing the operation of satcom before take-off, and consequently compatibility measures would be necessary to ensure their interference-free operation at airports in this testing mode where needed.  The studies also show the potential for interference is negligible when aircraft are in-flight. The analysisstudies conducted by the CEPT on this issue are as contained in ECC Report 299[footnoteRef:1].  The ECC report identifies the technical measures that could be implemented to address the potential for blocking of aeronautical L-band MES, and also contain deals with information on the timing of the provisions on compatibility measures.  The ITU-R WP 4C is also conducting technical studies on the same issue but, as of mid-20221, those studies are not yet finalised. This ICAO information note is intended to complement the results of CEPT and ITU-R studies.A common approach to avoid blocking of aeronautical L-band MES is by the application of power flux density (PFD) limits around these specific areas or locations (see CEPT and ITU-R deliverables). [1: ] 

 without priority access and immediate availability provided that in the event of interference such operations can be accommodated in the frequency band 1 545-1 555 / 1 545-1 559 MHz.  Such aeronautical L-band MES are deployed on aircraft that are used in most countries.  Then this note is provided guidance on how to identify these specific areas or locations which would require the application of a pfd limit to be fulfilled by mobile operators with authorisation below 1 518 MHz.
It should be noted the use and protection of any aeronautical MSS systems operation in the frequency band 1 518-1 525 MHz is not included or identified as part of this information note, since this band is used exclusively for commercial satcom applications.



The main potential for interference from IMT transmissions is due to the ‘saturation’ or ‘blocking’ of nearby aeronautical L-band MES receivers.  This note also considers the need to improve resilience of aeronautical MES to the blocking effect and invites to take actions accordingly. 

2.  Identification of airport subject to pfd limit application IMT Base Station PFD Limits to for protect aeronautical MES from receiver blocking

2.1 Flights to or from Europe to/from North America

In the North Atlantic region (used for flights from Europe to/from North America), aircraft are required by ICAO from 29th of March 2018 to have FANS 1/A capability if they wish to use the preferred aircraft tracks and altitudes between 35,000ft and 39,000ft (see ICAO EUR NAT Doc 007). [From 2020, this Satcom mandate has been expanded to all airspace above 29,000ft in the North Atlantic Region]. According to these procedures, “If a flight experiences an equipment failure prior to departure which renders the aircraft non-DLM (Data Link Mandate) compliant, the flight should re-submit a flight plan so as to remain clear of the NAT DLM airspace". Aircraft without FANS 1/A capability would have to use tracks and altitudes, which might require additional fuel burn.


2.2 Iris project within European Union [Text to be updated]

The Iris programme was initiated by the European Space Agency (ESA) with the aim of making aviation safer by developing new satellite based air-ground communication system for air traffic management (ATM). Iris requires enhancements to be made to the provision of the Inmarsat SB system, so that it can meet the safety, performance and cost requirements for ATM communication in the crowded European airspace. 

Iris is a part of a much broader push to modernise how air traffic control is managed in collaboration with the Single European Sky ATM Research (SESAR) joint undertaking launched in 2006 by Eurocontrol and the European Union. Iris (as a part of the SESAR project) is designed to improve air traffic management over continental and transoceanic airspace and, in its context, new terminals for aircraft should meet the new standards and new blocking requirements. CEPT is making the assumption that MES Terminals operating under Iris project are not subject to phase 1.

[to be updated and clarified]

Following the completion of the Iris precursor evaluation stage that ran from October 2016 until June 2018, Iris is planned to commence the initial operational capability (IOC) stage shortly. Iris IOC comprises of upgrades to ground infrastructure serving the Inmarsat-4 and Alphasat satellites as well as the installation of Iris capable Satcom equipment on commercial flights operating within the European airspace and supporting air traffic control communication from late 2019. The primary concern for the existing installed base is the potential impact of interference on aircraft using MSS services for Automatic Dependent Surveillance – Contract (ADS-C), Controller-Pilot Data Link Communications (CPDLC), as well critical operational data link services via the Aircraft Communications Addressing and Reporting System (ACARS) using MSS communications. This could potentially lead to disruption of departure/dispatch procedures and normal FANS operational procedures at the airport. Because these operations of primary concern generally include flight segments over oceanic or remote airspace with origin or destination points outside of the EU, the vast majority of such operations are conducted into and out of airports with port of entry facilities.

2.3 Conclusion
There is a need to identify the airports in which the aeronautical MES would have to be tested before flight on the ground as required by [xxxxx].

3 Area within the airport for the pre flight checks

Proportionate solutions could be implemented to address potential blocking of L-band aeronautical MES receivers in specific areas or locations

The recommended approach to avoid blocking of for the protection of aeronautical L-band MES is through the application of power flux density (PFD) limits around airports. The geographic areas to be protected should be defined on national basis. It is generally the area within an airport when aircraft are at the gate, at the aircraft parking area, potentially runway or maintenance hangers. .  An illustrative example of an airport protection area where pre-flight tests are conducted is shown in Figure 1.

Figure 1.  Example of defined airport protected area where pre-flight test could be performed.
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The PFD produced by IMT base stations must be kept below the maximum PFD limit value at the boundary of the protected area and at any point inside the area (for example, the area shaded redgreen  in Figure 1).  Operators of IMT base stations located outside the protected area will need to assess the PFD at the boundary of, and inside, the airport protected area to ensure that the maximum PFD limit is not exceeded.  The PFD approach allows for the mobile operator to take into account the actual IMT base station characteristics (such as base station power, antenna gain height and down-tilt) and the actual propagation loss (e.g., taking account of local clutter loss) in complying with the maximum PFD.  In some cases, it may be possible for operators to deploy IMT base stations inside buildings within the defined area (e.g., inside the airport terminal) while still ensuring the maximum PFD limits outside the building is not exceeded, when the building wall loss is taken into account.

It is anticipated that national licensing spectrum authorities will ensure that the airport protected areas and associated maximum PFD limits are defined and included in the IMT operator’s licence conditions. The concerned airports and areas to be protected should be identified in consultation with the relevant national aviation safety representatives and/or with the airport operator.

The identification of the appropriate level of the pfd limit as well as the compliance of the IMT operator with this level of pfd for the pre-flight area of airport is the responsibility of National spectrum regulator.

PFD limits are already implemented by national spectrum regulator (e.g. ECC report 299 pfd limits table 10). ITU – R WP4C is drafting relevant deliverable.

The maximum PFD limits identified below are based on the receiver blocking measurements of some aeronautical L-band MES receivers undertaken by satellite MES equipment manufacturers and presented in ECC Report 299.  The measurements identified a blocking criterion for current aeronautical L-band MES receiver design with respect to IMT base stations operating a single IMT channel in the frequency band 1 512-1 517 MHz of -50.3 dBm, while the blocking criterion with respect to IMT base stations operating multiple IMT channel transmissions was measured to be -55.5 dBm.  For the next generation of aeronautical L-band MES receivers, that would be designed to be much more resilient to receiver blocking effects, the blocking criterion with respect to IMT emissions in the band 1 512-1 517 MHz is -30 dBm.

The maximum PFD limits are identified in two parts:  Phase 1 limits are derived for the protection of existing aeronautical L-band MES equipment, while Phase 2 limits are derived based on the protection requirements for next generation aeronautical L-band MES receivers.  

The PFD limits identified in Tables 1 and 2 are based on a MES with an assumed antenna gain values towards the horizon of either 3 dBi or 17 dBi.  The limits are replicated from Annex 1 of Preliminary Draft New Recommendation ITU-R M.[REC.MSS & IMT L-band COMPATIBILITY].  The protection limits for aeronautical MES with an assumed maximum gain of 3 dBi towards the horizon are identical to the PFD levels specified in Annex 2, Option 2 within the ECC Report 299 (i.e., based on measured blocking performance of aeronautical L-band MES). 

For cases where the aeronautical L-band MES antenna gain towards the horizon can exceed 3 dBi, in particular when such aeronautical L-band MESs make use of high gain  L-band antennas (with a maximum gain up to 17 dBi) and are used in airports having a low elevation angle towards the associated MSS satellite, the identification of the lower maximum PFD limits derived for an assumed gain of up to 17 dBi towards the horizon would be appropriate as an aeronautical MES protection requirement.
Table 1
Maximum PFD limits for IMT BS with single IMT channel transmissions
	Phase
	
	Phase 1
	Phase 2

	
	MSS terminal antenna gain (dBi)
	PFD limit for BS emissions in the band 1 492-1 502 MHz (dBW/m2)
	PFD limit for BS emissions in the band 1 502-1 512 MHz (dBW/m2)
	PFD limit for BS emissions in the band 1 512-1 517 MHz (dBW/m2)
	PFD limit for BS emissions in the band 1 492-1 502 MHz (dBW/m2)
	PFD limit for BS emissions in the band 1 502-1 512 MHz (dBW/m2)
	PFD limit for BS emissions in the band 1 512-1 517 MHz (dBW/m2)

	Airports
	3
	-28.9
	-42.9
	-58.2
	No limit required
	-27.9
	-37.9

	
	17
	-42.9
	-56.9
	-72.2
	No limit required
	-41.9
	-51.9


Table 2
Maximum PFD limits on IMT BS with multiple IMT channel transmissions
	Phase
	MSS terminal antenna gain (dBi)
	Phase 1
	Phase 2

	
	
	PFD limit for emissions in the band 1 492‑1 512 MHz (dBW/m2)
	PFD limit for emissions in the band 1 512-1 517 MHz (dBW/m2)
	PFD limit for emissions in the band 1 492-1 512 MHz (dBW/m2)
	PFD limit for emissions in the band 1 512-1 517 MHz (dBW/m2)

	Airports
	3
	-53.5
	-63.4
	-30.9
	-40.9

	
	17
	-67.5
	-77.4
	-44.9
	-54.9





The maximum PFD should be considered within and at the perimeter of the airport protected area and calculated at a height of 10 m above local ground level, which is a typical height for an L-band MES on an aeroplane.

The PFD generated by any IMT base station could be measured in the field or determined by calculation.  If determined by calculation, the propagation model in Recommendation P.452 could be used, which allows for the benefits of terrain diffraction and clutter loss to be taken into account.  It is recommended that the percentage of time, p, is set to 20%.
By way of an example, the derivation of the Phase 1 maximum PFD limits from measurements of the aeronautical L-band MES receivers blocking performance referenced in ECC Report 299 for the case of single IMT channel base-station transmissions in the frequency band 1 512-1 517 MHz is shown in Table 3.
Table 3
Derivation of Maximum PFD limits for IMT BS with 
single IMT channel transmissions in the frequency band 1 512-1 517 MHz.
 
	
	Phase 1
	

	
	PFD limit for emissions in the band 1 512-1 517 MHz (dBW/m2)
	

	MES gain to horizon (dBi)
	3
	Up to 17
	Notes

	Measured aeronautical L-band MES receiver blocking level (dBm)
	-50.3
	-50.3
	

	Blocking level converted to dBW
	-80.3
	-80.3
	

	Lowest frequency (MHz)
	1518
	1518
	

	Wavelength (lamda) (m)
	0.20
	0.20
	

	Effective antenna aperture 
(isotropic) (dB(m2))
	-25.1
	-25.1
	10*log(lamda^2/(4*pi))

	Max. pfd (dB(W/m2))
	-58.2
	-72.2
	blocking level – Ae – G


 

4. 3.  Timelines in the Explanation for a need for 2 phases approach to improve the resilience of aeronautical MESapplication of Phase 1 limits and the transition to Phase 2 protection limits.


Consequently, there will be a need to upgrade the aeronautical MES which are impacted by blocking effect unless an alternative solution could be developed. However, at this stage there is no known alternative solution. 

In ECC Report 263, CEPT concluded that an acceptable minimum in-band blocking characteristic for aeronautical mobile earth station receivers from a 5 MHz broadband signal interferer (LTE) operating below 1518 MHz shall not exceed −30 dBm above 1520 MHz. This limit is, then, assumed to be supported by future MES receivers to minimise any potential blocking situation and is the reference for the pfd limit with resilient MES receivers in CEPT countries (see liaison statement from ECC PT1 to ICAO FSMP-WG9-WP05 introduced in August 2019).
Depending of the outcome from WP 4C, other values may be considered.
  


Given the time required to set and agree standards, build and deploy new terminals in the aeronautical markets, it is expected that proportionate measures imposed by administrations required to protect aeronautical terminals at airports where and if required, could be on a phased approach; with the initial measures - Phase 1, to protect currently operating terminals which are more sensitive to blocking, followed by Phase 2 which would involve more relaxed constraints, where required, on IMT BSs as the protection measures will be based on more resilient terminals. Phase 1 would be time limited and to be followed by Phase 2. Phase 2 would be based on future, more resilient terminals meeting a blocking resilience at the input of the MES receiver. CEPT invited standardization organization in Europe (ETSI) to update the MES accordingly to reach -30 dBm to the blocking level. Future terminals are expected to be designed to meet the relevant standards applicable for aeronautical terminals.

Within Europe, for phase 1, the PFD limits are based on either existing regulation outside CEPT. Phase 2 may provide a permanent PFD limit for IMT coverage in the same locations as phase 1, based on the new blocking requirement (-30 dBm requested by CEPT for land mobile earth stations in 2017) for the block 1 512-1 517 MHz. Then it has to be noted that the area for pre-flight tests would remain protected with appropriate level of the pfd to apply. 
[Editors’ note: what is the progress status of Iris in regards with the aeronautical MES blocking requirements]


5.	Required identified actions toward a fully updated fleet with new regulation-compliant satcom 

This update of spectrum regulation is a challenge recognizing that the impact on aeronautical system requires time to be implemented in order for aeronautical industries to carry out all the necessary actions to prevent blocking effect of MES receiver in particular test/trial conditions (see §2).
As depicted in ECC Report 299, the minimum action to carry on are as follow:
1. Updates of the Satcom performance standards, procedures, regulations and guidelines which govern air transport.
2. MES receivers complying to the update standards must be developed and certified as safe for use by a competent authority
3. Once equipment has been certified, it has to be incorporated into the production of new aircraft for line-fit delivery, mandated for installation and made available to the aftermarket.
4. For retrofit installations, documentation has to be elaborated and a supplementary type certificate (STC) must be obtained from EASA/FAA for each type and variant of aircraft.

Finally, it is worth noting that aircraft retrofits including satellite mobile communications terminals are possible. Nevertheless, as such retrofit would be unexpected, it implies some time to discuss sharing the burden of such operation.


5.1.	Revised standards for aeronautical MES receiver operating 1525-1559 MHz requiring -30 dBm/MHz 
It is important that resilient equipment, based on updated standards which take into account the new required blocking performance, is available on the market in order to ensure that no interference will occur enabling airlines to avoid any potential interruption of their business due to MFCN below 1518 MHz, by retrofitting their aircrafts with new certified equipment.
Aeronautical Standards which include performances in relation with L-Band terminal satcom are identified below :

ARINC characteristics:
· 741,
· 761,
· 781

MOPS
· RTCA DO-210D,
· DO262C,
· EUROCAE ED-243,

MASPS
· RTCA DO-343,
· EUROCAE ED-242

Revision of these standards taking into account improved performance are ongoing noting that revision is already achieved for some of them. Standards are not subject to regular revision and therefore, depending on the publication date of the standard, the revision could require more or less time.

[Editor’s note: progress status of the revision of these standards to Spectrum regulators could bring more transparency and will help monitoring evolution of the situation.]




· 
· 
· 


· 
· 
· 

· 
· 


5.2	Certified aeronautical MES receiver operating 1525-1559 MHz compliant with -30 dBm/MHz receiver blocking requirements

Currently, as of mid-2021, there are no certified aeronautical L-band satcom terminals available that comply with the new receiver blocking requirement of -30 dBm from mobile-base station transmissions at 1 512-1 517 MHz.  However, some L-band satcom manufacturers are in the process of designing new MES that comply with the revised blocking requirement.
As an immediate consequence aeronautical certification process didn’t yet started.
[Editor’s note: to be updated as appropriate.]

5.3	Production of new aircraft for line-fit delivery

This phase requires time for adaptation of the production and also to adapt the processes in place as appropriate. This phase can only start when product are available and aeronautical certification is initiated.

<to be further consolidated>









6. Retrofit process

Supplementary type certificate (STC) must be obtained from EASA/FAA for each type and variant of aircraft. In addition to the type certificate, according to the type of Satcom and depending on specific configuration, some service bulletin may also have to be issued.

The service bulletin is a communication toward airlines to inform about the availability of some system modifications including all the information to explain the purpose of the upgrade. Depending on the rational of the modification and, especially, if the modification is required by the regulation, the Airline could choose to proceed or not with the retrofit. <to be further consolidated>




7. Initiatives to accelerate the retrofit process
On one side, the position of airlines and operators has been to accommodate updates to aircraft systems as part of the natural lifecycle of airframes and avionics (generally between 20-30 years).
On the other side the position of spectrum authorities on the timing for the replacement of Satcom equipment by recommending timing for the transition from phase 1 to phase 2 in order to facilitate satellite operators preparing retrofit operations for terminals/users requiring protection and timing for closure of services is based on Inmarsat's public service obligations, which is typically 5-7 year. In that perspective, taking into account that IMT SDL authorisations are granted, administrations may decide to implement pfd phase 2 limits only.  The update aeronautical receivers performance has been notified to radio standardisation body (ETSI) since beginning/mid 2017 in Europe and to ICAO in early 2019, as a 10 years transition period (from 2017) from phase 1 to phase 2 is foreseen according to assumptions included in ECC report 299. Licensing spectrum regulator may decide to implement earlier phase 2.
 
As indicated previously, the standards update is well-advanced but it is worth noting many delays occurred especially with regard to the compliant equipment availability which have been impacted by Covid crisis. Indeed, during the past two years, the progress of the studies related to the updated Satcom terminal were delayed. 

For today, notwithstanding with the current situation, one possible approach to accelerate the process to move ahead is to rely on new project which could encourage to update Satcom terminal (e.g Iris project).











It is important that the Phase 1 PFD limits protect existing aviation equipment and the transition to Phase 2 PFD limits should be conducted at a date that is supportable by aviation equipage schedules.  



By way of general information, the longstanding position of airlines and operators has been to accommodate updates to aircraft systems as part of the natural lifecycle of airframes and avionics. Such a timeframe is normally between 20-30 years for each aircraft, given the significant cost of change.  Any changes to aeronautical L-band satellite communication equipment requires updates to the performance standards, procedures, regulations and guidelines which govern air transport.  Design of new equipment must be developed to the new aviation standards and be certified as safe for use by a competent authority.  Once new equipment design has been certified, it has to be incorporated into the production of new aircraft for line-fit delivery, mandated for installation and made available to the airline industry.  For retrofit installations, a supplementary type certificate (STC) must be obtained from EASA/FAA for each type and variant of aircraft. 

 

Currently, as of mid-2021, there are no certified aeronautical L-band satcom terminals available that comply with the new receiver blocking requirement of -30 dBm from mobile-base station transmissions at 1 512-1 517 MHz.  However, some L-band satcom manufacturers are in the process of designing new MES that comply with the revised blocking requirement.
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