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Agenda Item 6:
Interference From Non-Aeronautical Sources.
Update on the potential for interference from the planned introduction of IMT in the band 1 492-1 518 MHz on aeronautical satellite communication receivers in the adjacent band 1 518-1 559 MHz
(Presented by Kamlesh Masrani, Inmarsat)

	SUMMARY

	An update is provided to FSMP-WG/6 on the current status of studies within the European ECC PT1 group to measure the receiver blocking performance of currently deployed Inmarsat L-band satellite aeronautical earth station (AES) communication receivers, and to assess the potential for interference from the planned introduction of International Mobile Telecommunications (IMT) terrestrial base-station transmissions within Europe in the band 1 492-1 518 MHz.  Additionally, information is provided on proposals made by Inmarsat within the ECC PT1 group on measures to protect AES operation at airports within Europe.  These proposals are under consideration within ECC PT1.
It is noted the Radio Spectrum Committee (RSC) of the European Commission is in the process of discussing a revision to the Commission Implementing Decision (EU) 2015/750.  The revision is expected to be finalised at the next meeting of the RSC scheduled for 14-15 March 2018 and, when adopted, will set out the conditions on Member states to designate and make available the 1 427-1 452 and the 1 492-1 517 MHz band within the Union on a non-exclusive basis for terrestrial wireless broadband systems including IMT.

FSMP is invited to review the work being undertaken in ECC PT1 as well as the proposals from Inmarsat to protect L-band AES receivers.  FSMP members are invited to engage with aviation authorities and national spectrum regulators supporting the adoption of measures limiting the deployment of high power IMT base-station transmissions in the band 1 492-1 518 MHz near airports, to avoid interference through receiver blocking and saturation effects to L-band AES receivers.


1. INTRODUCTION

1.1 At its September 2017 meeting, FSMP reviewed paper FSMP-WG/5 WP12 presented by Inmarsat on the potential for interference to satellite aeronautical earth station (AES) communication receivers operating in the band 1 518-1 559 MHz band (‘L-band’), including systems providing safety services in the 1 525-1 559 MHz band, from the planned introduction of International Mobile Telecommunications (IMT) in the 1 492-1 518 MHz band.  Concerns were expressed in the paper on the potential for interference from the operation of high power base-station transmissions nearby airports resulting in receiver blocking and overloading effects to L-band AES receivers.

1.2 Following discussions at FSMP-WG/5, FSMP sent a letter to the ECC PT1 group supporting the ongoing work of PT1 and proposing that the ECC should adopt measures to protect the large number of already-fielded aeronautical satellite receiving earth stations from the potential interference from IMT.  PT1 has not yet formally responded to the letter from FSMP.
1.3 FSMP-WG/5 also identified an action item (AI 05-02) on Inmarsat to provide technical details on how they thought the protection could be achieved for the existing aircraft installations.

1.4 This paper provides information on the on-going work within the ECC PT1 to characterise, through measurements, the receiver blocking performance of currently deployed Inmarsat L-band AES receivers, together with proposals made by Inmarsat within PT1 seeking the protection of such receivers from the potential for interference from IMT systems operating below 1 518 MHz.
1.5 As the responsible group for spectrum management within ICAO, we also bring to the FSMP’s attention the need to review IMT interference potential to aeronautical satellite communications globally; although there is currently much activity within the ECC to study this issue, the use of the 1 492-1 518 MHz band for IMT services is not limited to the European Union.
2. DISCUSSION
2.1 As noted in FSMP-WG/5 WP12, the ECC has developed a new work item to study measures to address the potential blocking of mobile earth station receivers operating in bands adjacent to 1 518 MHz (including the band 1 525-1 559 MHz used for safety services) at sea ports and airports caused by mobile and fixed base station transmissions below 1518 MHz, and to propose proportionate solutions to address this issue. It should be noted that, although the ECC PT1 elected to limit the scope of the study to AES blocking, on a global basis out of band emission limits remain an important consideration.
2.2 In response to the work item, ECC PT1 is in the process of developing a draft report which follows the work in ECC Report 263 and ECC Report 269.  The current draft of the report is available in Annex 8 of the Sub-Working C Documents attached within the Draft Minutes of the December 2017 meeting of PT1
.  Additionally, PT1 has set up a correspondence group to progress the work on the draft report in time for its next meeting scheduled over 16-20 April 2018.

2.3 The Radio Spectrum Committee (RSC) of the European Commission, which is responsible for the development of technical measures necessary to implement the broader Radio Spectrum Policy within the European Union, is in the process of discussing a revision to the Commission Implementing Decision (EU) 2015/750 on the harmonisation of the 1 452-1 492 MHz frequency band for terrestrial systems capable of providing electronic communications services in the Union.  This revision would expand the bands available for mobile and fixed terrestrial systems within the European Union to include the 1 427-1 452 and 1 492-1 518 MHz frequency bands identified for IMT at WRC-15.  A draft revision to Decision 2015/750 from the RSC#62 meeting in December 2017 is available in Document RSCOM17-41rev3
.  The revision is expected to be finalised at the next meeting of the RSC (#63) scheduled for 14-15 March 2018.
2.4 Inmarsat considers the current draft of the Implementing Decision does not contain adequate protection of L-band AES receivers at airports from the operation of high power IMT base-station transmissions for which the existing design of AES receivers were never intended to withstand.  Consequently, members are invited to engage urgently with aviation authorities and national spectrum regulators to ensure adequate safeguards are provided at airports to protect the operation of L-band AES receivers.
3. Measurements of Inmarsat AES receiver blocking performance

3.1 Inmarsat, with the assistance of its manufacturing partners, have supported the work in PT1 to characterise the measured blocking performance of existing Inmarsat L-band AES receivers.  Measurements of receiver blocking and overload performance have been made for a number of different types of Inmarsat L-band AES including those operating Inmarsat “Classic Aero”, “Swift64” and “SwiftBroadband” services.  Results have been made for the potential for interference from both single and multiple Long Term Evolution (LTE) 5 MHz and 10 MHz carrier transmissions within the frequency band 1 492-1 517 MHz.
3.2 The results show there is a range of different blocking performance of the AES receivers depending on the manufacturer and type of AES considered.  For interference from a single LTE carrier, the most susceptible AES measured (a combined Classic Aero and SwiftBroadband AES) had a blocking performance of -50.3 dBm for interference received from the closest 5 MHz IMT/LTE channel (1 512-1 517 MHz); to -21 dBm for interference the 4th closest 5 MHz IMT/LTE channel (1 497-1 502 MHz).  Receiver blocking performance was measured as a 1 dB loss in receiver sensitivity.
3.3 For interference from multiple LTE carriers, the measured blocking performance of the most susceptible AES test reduced from -50.3 dBm to -55.5 dBm for the case of LTE carriers operating in the three top most 5 MHz channels adjacent to 1518 MHz.
3.4 By way of comparison, the receiver selectivity performance requirements for Inmarsat L-band AES are specified in following RTCA standards:
1) DO-210 D (and associated changes) on “Minimum Operational Performance Standards For Geosynchronous Orbit Aeronautical Mobile Satellite Services (AMSS) Avionics”, and applicable for L-band AES terminals operating in the frequency band 1530-1559 MHz; and 
2) DO-262-B on “Minimum Operational Performance Standards For Avionics Supporting Next Generation Satellite Systems (NGSS)”, and applicable for L-band AES terminals operating in the frequency band 1518-1559 MHz.
3.5 In the case of DO-210D (Change 2) requirements, the rejection of signals outside the AES receive band shall be met in the presence of a continuous wave (CW) interfering signal power of between +3 dBm at 1 450 MHz to -72 dBm at 1 529 MHz.  While for the  RTCA DO-262B requirements, the rejection of signals shall be met in presence of CW interference power of between +3 dBm at a frequency of 1 449 MHz to -72 dBm at a frequency of 1524 MHz.  The maximum sensitivity of the receiver is specified as -140.2 dBm for DO-210D requirements
 and -134.5 dBm for DO-262B requirements
, which represents a minimum out-of-band signal rejection performance of around 60 to 70 dB with respect to the wanted in-band signal carrier.
3.6 The measured results show for the case of the most susceptible Inmarsat AES tested, its receiver blocking performance was found to be around 15-20 dB better than the associated RTCA performance requirement.  It is noted the RTCA performance requirement is specified in terms of a CW interference carrier while measurements were conducted on basis of LTE interfering carrier (in order to reflect better the suspectibility under the likely interference source) and hence the comparison of measured adjacent channel performance with the RTCA requirements is not fully “like-for-like”.
3.7 ECC Report 263, approved in March 2017, on “Adjacent band compatibility studies between IMT operating in the frequency band 1492-1518 MHz and the MSS operating in the frequency band 1518-1525 MHz” assumed an L-band AES receiver blocking level of -40 dBm for interference from sources 5 MHz or greater separated from 1 518 MHz.  The basis for the assumption is stated in the report as measurements on blocking performed by the FCC a number of years ago on land and maritime terminals.  In reference to the FCC measurements, it is noted the measured performance of AES receivers is not mentioned/included. 

3.8 Based on the assumed AES receiver blocking of -40 dBm, ECC Report 263 calculates (in Section 6.1) the minimum coupling loss separation distance between 300-2 000m (depending on the assumed level of clutter loss) for aircraft mobile earth stations having a 6 MHz frequency separation with the interference carrier.  However, if an assumed AES receiver blocking of around -50/-55 dBm from the recent PT1 measurements is considered, the estimated MCL separation distance to avoid receiver saturation will be larger than the distances indicated in ECC Report 263 (e.g., approximately double to between 600-4 000m).
4. Inmarsat’s proposed protection requirements to PT1

4.1 Given the relatively large separation distances necessary from high power base-stations to avoid the potential for blocking and overload effects on Inmarsat L-band AES receivers, Inmarsat has proposed within ECC PT1 the adoption of technical measures to be incorporated in the licence condition for mobile operators planning to operate base-station transmissions within the 1 492-1 518MHz band around airports.  Such measures may be defined, for example, as maximum power flux density (pfd) limits or as signal field strength limits to be met by IMT base station transmissions within defined areas around airports, such as those encompassing the aircraft gate, taxi-way and runway. 
4.2 Such an approach will offer flexibility to mobile operators to adjust the power, frequency, antenna gain, antenna height, downtilt, locations of base stations, and/or other factors to comply with the maximum radiation limits around airports, to protect the operation of existing Inmarsat L-band AES.
4.3 It should be noted pfd and signal strength limits that have been proposed by Inmarsat in PT1 are based on the measured blocking performance of representative L-band AES receivers instead of the requirements contained in applicable RTCA standards.  This is to ensure the protection that is proposed is proportionate and realistic.  It is also noted the AES protection requirements assume an antenna gain of 3dBi towards the IMT base-station, similarly to ensure proportionate protection requirements.  However, it is recognised there are likely to be circumstances when the AES antenna gain towards the horizon can exceed 3 dBi, in particular where high gain aeronautical AES antennas (maximum 17 dBi) are in use and with low elevation angles towards the satellite.
4.4 Inmarsat recognises any restrictions on IMT transmissions in the 1 492-1 518 MHz band around airports that is adopted to protect the existing design of L-band AES receivers will need to be time limited.  Inmarsat considers the time period necessary to safeguard L-band AES operations around airports will need to be sufficient to allow the receiver blocking performance of existing and legacy Inmarsat satcom receivers to be made more resilient, as necessary. The useful economic life of a commercial air transport aircraft is in the order of 20-30 years for the 80th percentile
. The normal expected avionics replacement cycle during that economic lifespan is zero to one replacement, implying a 10-15 year minimum natural replacement time. Given that equipment fitted to aircraft will need to be designed, developed, certified by a regulator (e.g. EASA or FAA) and then fitted to the fleet of aircraft, it is considered the total time period can easily extend out to 10-15 years. 
4.5 It is noted ETSI has begun to update the applicable standards for aeronautical mobile satellite systems operating in the 1.5/1.6 GHz band to include a more resilient AES receiver blocking performance requirement.  The level under consideration is identified within ECC Report 263 and is a minimum blocking requirement of -30 dBm from a 5 MHz broadband signal interferer (LTE) operating below 1517 MHz.  The revised standards are in the final stage of approval and are expected to be completed end of May 2018.
4.6 Similarly, it is noted that work has been initiated within the AEEC to revise ARINC standards for L-band AES diplexers to provide improved filtering of IMT signals.  The target end date for approval of new standards of May 2019.  The availibility date of new diplexers to fit to aircraft is currently not known. 
4.7 Inmarsat has also proposed within PT1 that once the majority of the existing AES installations are no longer in use, or as the majority of L-band AES have improved blocking performance, then any safeguarding measures around airports on mobile operators can be relaxed.  However, given the high power levels permitted for base-stations operation within the 1 492-1 517 MHz band identified in CEPT Report 65 (i.e., up to 68 dBm per sector/cell below 1512 MHz), Inmarsat considers some limited restrictions may still be necessary around airports, even under the case of modified or new L-band AES receivers with greater interference immunity, to avoid the potential for blocking and receiver overload effects from adjacent high-power base-stations around airports.
4.8 Although Inmarsat is proposing the protection measures for current and future AES operations outlined above, there is no assurance at this stage that such proposals will be accepted in the ECC Report, or if they are accepted that administrations will implement the required measures.

4.9 The issue of the potential interference to L-band AES receivers from the planned operation of Ancillary Terrestrial Component (ATC) transmissions within the US was briefly discussed at FSMP WG/5.  Inmarsat understands that comparisons have been drawn between the proposed L-band IMT (LTE) services in Europe and the planned introduction of ATC services in the United States.  However, there are several key differences between these scenarios:  i) Ligado (the US ATC licenced operator) has proposed to the FCC to operate base-station transmissions at significantly lower power levels and with a much reduced out-of-band emissions profile than that permitted in Europe or proposed globaly for IMT. Such measures will provide a high degree of protection to Inmarsat L-band AES receivers operating around airports; ii) Inmarsat has an operational agreement with Ligado to maintain adequate separation and/or limit base-station powers between base stations and AES receivers around airports; iii) Additionaly, unlike the LTE Europe/global seneriao, the FCC licensing spectrum through an operator-to-operator agreement allows changes on both sides to promote interference harmony.  In contrast, Inmarsat do not have a similar arrangement around airports with the mobile operators planning to operate IMT in the 1 492-1 518 band in Europe and in other parts of the world. 
For these reasons, we do not consider the expected impact of ATC in the USA to be directly comparable to LTE implementation in Europe as currently proposed.  Furthermore, analysis has shown that certain types of user equipment designed to be compatible with ATC would not be resilient to LTE as currently proposed, due to these substantial differences in radiated power, out-of-band emission limits and physical separation in the vicinity of ports and airports.
ACTION BY THE MEETING

4.10 The meeting is invited to:

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

b) engage with spectrum regulators as well as the ECC PT1 in Europe to request the adoption of measures on the deployment of IMT and LTE base-station transmissions in the 1 492-1 518 MHz band around airports to protect Inmarsat L-band AES receivers; 

c) follow-up on the September 2017 letter by ICAO to ECC PT1 supporting the development of interim measures within PT1 to protect around airports the operation of Inmarsat L-band AES receivers designed to existing aviation requirements, and to support the development of residual measures to protect the operation of future L-band AES receivers designed to new aviation requirements that are undergoing review.  Specifically, it is suggested that the Secretary of the FSMP contacts the Chairman of ECC PT1 to request a response to the previous letter from ICAO and any update on the work in PT1;
d) Within Europe, engage with European National Administrations to propose the draft revision to the Commission Implementing Decision (EU) 2015/750 should recognise protection of L-band AES receivers around airports that were designed to existing international standards, from high power IMT base station transmissions in the 1 492-1 518 MHz band.
e) Engage with aviation authorities and interests to publicise this issue. 
f) Discuss addressing this issue globally through ITU Working Parties 5D/4C, including the definition of specific field strength or power flux densities for IMT base stations, and appropriate guard bands.
— END —
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� Key Findings on Airplane Economic Life, H. Jiang, Associate Technical Fellow, The Boeing Company, March 2013
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