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	SUMMARY

	The FSMP established Job Card FSMP.006.01 to address concerns about interference to radio altimeters caused by the introduction of WAIC systems operating in the 4 200 – 4 400 MHz frequency bands and potential interference arising from proposed changes to allocations in adjacent frequency bands. Related efforts are underway through standards development organizations to update the existing minimum operational performance standards for radio altimeters. The first task under RTCA, Inc Special Committee 239 (SC-239) is to perform studies that assess the degree to which proposed changes to allocations in the 3 700–4 200 MHz frequency band will affect the operation of radio altimeters. This work is being performed in cooperation with a multi-stakeholder group to develop recommendations for any mitigations that might be necessary in the deployment of new services in this adjacent band to ensure continued safe operation of RAs. This information paper provides a summary of these on-going efforts. 




INTRODUCTION
The growth of International Mobile Telecommunications (IMT) in the last 20 years has resulted in an ever increasing need for spectrum in which to implement new capabilities. This has precipitated several actions that threaten the continued safe operation of aeronautical systems that operate in frequency bands that are adjacent to those being sought for IMT. Radio altimeters were initially developed over 50 years ago to operate reliably in the Aeronautical Radionavigation Service (ARNS) allocated to the 4 200–4 400 MHz frequency band (“RA Band”). The adjacent frequency bands (3 700–4 200 MHz and 4 400–4 800 MHz) were primarily allocated to the Fixed and Fixed-Satellite Services, which presented little risk of interference to RAs. These adjacent frequency bands became candidates for potential implementation of IMT, and activities in the ITU-R and elsewhere were launched to study the possibility of introducing IMT in these bands. These studies ultimately led to actions by certain administrations to accelerate implementation of IMT in the 3 700–4 200 MHz frequency band (“Adjacent Band”) without a complete understanding of the potential impact on RA systems designed to operate with only Fixed and Fixed-Satellite Service applications in this band. This prompted aviation stakeholders to launch empirical and analytical studies to evaluate the potential impact of new IMT services in the 3 700–4 200 MHz frequency band.
DISCUSSION
Background
FSMP Job Card
The ICAO FSMP issued Job Card FSMP.006.01 in November 2016 in response to ITU‑R activities considering the introduction of mobile broadband systems in frequency bands adjacent to the RA Band. The job card pointed out the need for more complete performance characteristics for radio altimeters, including out-of-band interference susceptibility and rejection characteristics, to enable a proper assessment of suitable protection requirements for non-aeronautical systems operating in adjacent frequency bands.
AIRWAVES Act
The ITU-R activities were also followed by an action by the United States administration to make available additional spectrum between 3 700 and 4 200 MHz for commercial licensed use. The United States Senate introduced Senate Bill S.1682 in August of 2017, followed by House Bill H.R. 4953 in February 2018, titled the “Advancing Innovation and Reinvigorating Widespread Access to Viable Electromagnetic Spectrum Act” or “AIRWAVES Act.” 
Both Bills called for the U.S. Federal Communications Commission (“FCC”) to “identify 500 megahertz of additional spectrum in the frequencies between 3700 megahertz and 4200 megahertz to make available for commercial licensed use,” and to do so by the end of 2019. Furthermore, they tasked the FCC to auction the spectrum for commercial development no later than December 31, 2022. The FCC and other US government agencies began to analyze the requirements for implementing this act, which included relocating the services currently occupying that frequency band.
This prompted a number of sympathetic efforts by aviation stakeholders to ensure that RAs remain safe and reliable in the face of the proposed changes. In addition to the FSMP Job Card, these efforts included the launch of the Aerospace Vehicle Systems Institute (“AVSI”) project AFE 76s2 – Out-of-band Interference with Radio Altimeters, formation of RTCA, Inc. Special Committee 239 – Low Range Altimeter (“SC-239”), and EUROCAE Working Group 119 – Radar Altimeters (“WG-119”) , as illustrated in Figure 1.
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[bookmark: _Ref47705703]Figure 1: Significant Events Toward Reallocation of the 3700-4200 MHz Frequency Band
AVSI Research Efforts
AVSI had been investigating the effects of interference from proposed Wireless Avionics Intra-Communications (“WAIC”) systems within the RA Band prior to the introduction of the AIRWAVES Act. AVSI launched project AFE 76s2 – Out-of-band Interference with Radio Altimeters in May 2018 and adapted the test apparatus to investigate the effects of out-of-band interference (“OOBI”) on RAs. The objective of this project was to assesses the performance of radio altimeters in a combined, simulated interference environment representative of potential environments resulting from the proposed changes to the Adjacent Band. The combined interference environment was comprised of FMCW signals in the RA Band, representative of other RAs in the vicinity of a victim RA; binary phase-shift keying (BPSK) modulated, orthogonal frequency-domain multiplexed (OFDM) digital signals in the RA Band, representative of proposed WAIC signals; and BPSK-OFDM digital signals in the Adjacent Band, representative of IMT (5G) signals. The power, center frequency, and bandwidth of the 5G signals were varied while monitoring the altitude reported by an RA under test while operating at various altitudes through an altitude simulator. Early results indicated that some RA models that are currently deployed in a variety of aircraft could experience harmful interference from 5G signals centered at frequencies up to 500 MHz below the RA Band edge at 4 200 MHz. 
FCC Action – Notice of Proposed Rulemaking
The FCC responded to the U.S. congressional action by issuing a Notice of Proposed Rulemaking (“NPRM”) on July 13, 2018. That document stated that the FCC was seeking “to identify potential opportunities for additional terrestrial use—particularly for wireless broadband services—of 500 megahertz of mid-band spectrum between 3.7-4.2 GHz.” The NPRM initiated conversations between FCC and spectrum stakeholders that might be impacted by the proposed changes, including several aviation industry parties that expressed concern about the potential impact on radio altimeter performance. 
AVSI Preliminary Report
AVSI continued testing radio altimeters throughout this period, resulting in a summary report filed with the FCC in October 2019 entitled “Preliminary Report: Behavior of Radio Altimeters Subject to Out‑Of‑Band Interference” (“AVSI Preliminary Report”). The report showed the impact of introducing OFDM modulated signals of various bandwidths and center frequencies in the Adjacent Band on the performance of seven different radio altimeters. It concluded that these preliminary results suggested that there is reason for concern about the use of the Adjacent Band for implementation of 5G and that additional studies were warranted. Aviation industry parties subsequently met with representatives from the FCC to discuss the report and gather input on priorities for continued testing.
On November 22, 2019, the Chairman of the House Committee on Transportation and Infrastructure, the Hon. Peter DeFazio, sent a letter to the Chairman of the FCC, the Hon. Ajit Pai, recognizing the findings in the AVSI Preliminary Report and noting 
In light of the serious nature of the risks posed by possible spectrum interference, I am concerned that the FCC is moving forward prematurely with reallocating part of the C-band for 5G without sufficiently analyzing and understanding the effects on aviation safety. With the recent AVSI findings in mind, I urge you to delay making a final decision in this proceeding until you have completed consultation with the Federal Aviation Administration and aviation industry experts to fully understand how C-band reallocation could affect the safety of flight, and you have developed sufficient mitigations that will, without any doubt, prevent harmful interference with critical aviation equipment. 
Chairman Pai sent a response letter dated January 14, 2020 stating that protecting incumbent services was one of the FCC’s top priorities in the C-Band proceeding and that locating the 5G spectrum from 3.7 to 3.98 GHz would provide over 200 MHz of separation from the 4.2-4.4 GHz band, claiming this would be sufficient to protect radio altimeters from harmful interference.
T-Mobile filed a notice of ex parte with the FCC on January 22, 2019 that critiqued the AVSI results, based on a cursory assessment of the AVSI Preliminary Report by a hired contractor.  The analysis pointed out several issues that T-Mobile claimed might lead to overprotecting RAs at the cost of limiting full access to the C-band for terrestrial use. However, the T-Mobile claims revealed a lack of understanding of civil aviation requirements for safety systems like RAs and of the purpose of the AVSI Preliminary Report. Nonetheless, the FCC accepted these claims as a basis for excluding additional mitigations in a draft version of the proposed Report & Order circulated by the FCC for comment.
AVSI Supplemental Report
AVSI responded to FCC requests for additional data resulting from their review of the AVSI Preliminary Report by continuing tests of RA susceptibility to OOBI. The results of this additional testing were summarized in a second report filed with the FCC on February 4, 2020 titled “Effect of Out-of-Band Interference Signals on Radio Altimeters” (“AVSI Supplemental Report”).  The provided interference tolerance masks for six different RAs and concluded that 
while the majority of radio altimeters demonstrate some resilience to OoBI, this does not guarantee absolute protection from any signals in the 3700 – 4200 MHz band.  Therefore, RA performance and the respective operational requirements for safety in national airspace must be considered when establishing rules and operational characteristics for any new terrestrial mobile networks in the adjacent 3700 – 4200 MHz band.
The report also provided information concerning civil aviation-specific certification considerations for safety-critical equipment in order to provide rationale for some of the assumptions that were questioned in the T‑Mobile review of the AVSI Preliminary Report.
FCC Action – Draft Report & Order
The FCC produced and distributed a draft of their proposed Report & Order (“Draft R&O”) on February 7, 2019 that provided additional details on the requirements for reallocating 280 MHz of spectrum from 3 700 – 3 980  MHz for flexible use, including IMT, through a public auction.  The Draft R&O recognized the safety-critical function provided by RAs and the results reported in the AVSI Preliminary Report. However, it also agrees with the claims asserted by T-Mobile that these considerations were not sufficient to impose additional restriction on IMT deployment in the Adjacent Band beyond the frequency separation and proposed limits on emitted power.  Specifically, the FCC stated
351.	The technical rules on power and emission limits we set for the 3.7 GHz Service and the spectral separation of 220 megahertz offers significant protection of services in the 4.2-4.4 GHz band. We agree with T-Mobile and Alion that the AVSI study does not demonstrate that harmful interference would likely result under reasonable scenarios. We thus find the limits we set for the 3.7 GHz Service are sufficient to protect aeronautical services. We will of course continue to monitor the results of this and other studies as they are provided and take appropriate action, if necessary, to protect such devices. 
The Draft R&O did not consider data in the AVSI Supplemental Report, and thus aviation stakeholders responded to the draft R&O through an ex parte filing that refuted the claims in the T-Mobile filing and provided additional rationale for the assumptions used in the testing parameters.
RCTA SC-239 / EUROCAE WG-119
Coincident with the activities concerning the FCC C-Band proceeding described above, the civil aviation community recognized that impending changes in the RF environment in bands adjacent to the RA Band, as well as technological advances in the RA designs, required that the existing minimum operational performance standards (“MOPS”) be updated. Thus, a new subcommittee was established by RTCA, Inc. in December 2019: SC‑239 – Low Range Altimeter, to revise DO-155 – Minimum Performance Standards Airborne Low-Range Radar Altimeters while EUROCAE similarly launched WG-119 – Radar Altimeters in January 2020 to update ED-30. The two committees agreed to work jointly to update the RA MOPS documents.
In the Draft R&O, the FCC recommended the formation of a broad-based multi-stakeholder industry group (“MSG”) to develop a comprehensive framework for addressing interference prevention, detection, mitigation, and enforcement. The SC-239 committee immediately began formation of a “Task Force” to act as a host MSG to address aviation stakeholder concerns and other issues in the Draft R&O. RTCA, Inc. invited non-RTCA members from the wireless telecommunication industry to join the Task Force to implement the FCC recommendation. Coincidently, telecommunication industry trade organizations, led by CTIA, also began forming a MSG. 
FCC Action – final R&O
The FCC released the final version of the Report & Order (“Final R&O”) on March 3, 2020, which confirmed the assertion in the Draft R&O that RAs did not require additional mitigations. No mention was made of the intervening AVSI Supplement Report in the revised conclusion:
395. We agree with T-Mobile and Alion that the AVSI study does not demonstrate that harmful interference would likely result under reasonable scenarios (or even reasonably “foreseeable” scenarios to use the parlance of AVSI). We find the limits we set for the 3.7 GHz Service are sufficient to protect aeronautical services in the 4.2-4.4 GHz band. Specifically, the technical rules on power and emission limits we set for the 3.7 GHz Service and the spectral separation of 220 megahertz should offer all due protection to services in the 4.2-4.4 GHz band. We nonetheless agree with AVSI that further analysis is warranted on why there may even be a potential for some interference given that well-designed equipment should not ordinarily receive any significant interference (let alone harmful interference) given these circumstances. 
The Final R&O goes on to put the responsibility for ensuring the continued safe operation of existing RA equipped aircraft squarely on the aviation industry:
As such, we encourage AVSI and others to participate in the multi-stakeholder group that we expect industry will set up—and as requested by AVSI itself. We expect the aviation industry to take account of the RF environment that is evolving below the 3980 MHz band edge and take appropriate action, if necessary, to ensure protection of such devices.
Current Activity
Current activity in the FCC C-Band proceedings is focused in the two MSGs that were established as recommended in the Final R&O. The telecom industry-led MSG was primarily tasked to work out the relocation of the fixed satellite service from the lower portion of the Adjacent Band to the upper 200 MHz (4 000 – 4 200 MHz), but also to resolve potential interference issues with incumbent services, including the aeronautical radionavigation service in the RA Band. The RTCA-hosted MSG implemented by the SC-239 Task Force was formed solely to work with the telecom industry technical representatives to accurately assess the potential for harmful interference to RAs. Both MSGs agreed to work together to develop a report to file with the FCC that provides an analysis of the potential for harmful interference given credible scenarios for interaction between IMT equipment and RAs. Stakeholders may then independently analyze the results and provide their recommendations to the FCC for addressing any concerns identified in the analyses.
CTIA MSG
The telecom industry-led MSG is a broad-based industry group hosted by CTIA. It coordinates inputs from telecom companies, satellite operators, aviation industry representatives, and others. It is organized into four technical working groups (TWGs):
1. TWG-1—Terrestrial-FSS Coexistence During and After the Transition.
2. TWG-2—FSS Relocation.
3. TWG-3—Terrestrial-Aeronautical Coexistence.
4. TWG-4—Terrestrial-CBRS Coexistence.
TWG-3 serves as the primary interface between the RTCA-hosted MSG and the telecom industry members. It was originally envisioned that the TWG-3 forum would provide a relatively open technical collaboration between the telecom and aviation industry representatives in order to expeditiously determine, through credible analysis, the extent to which additional mitigations are required. However, meetings of TWG-3 have been formal and limited to written exchanges of questions with limited opportunity to discuss or clarify issues in real-time. TWG-3 is jointly led by a representative from CTIA and a representative from the Aerospace Industries Association (AIA).
RTCA SC-239 Task Force
RTCA, Inc. formed the SC-239 Task Force to provide a forum to develop an immediate aviation industry consensus analysis of the potential for harmful interference to RAs caused by the changes to the C-Band proposed in the Final R&O. RTCA sent notice to the FCC on April 20, 2020 to announce its intention to form a MSG. The filing invited all stakeholders to join the effort, emphasizing that “Participation is open to all interested parties, particularly telecom companies and other entities contemplated bidding for flexible use licenses in the 3700-3980 MHz band, as well as supporting equipment manufacturers.” 
The SC-239 Task Force is also organized into four subgroups, but these do not parallel the TWGs in scope. The subgroups are
1. SG1— Interference simulation models. This group is developing simulation models of select interference scenarios to analyze the potential for IMT equipment, operating in the Adjacent Band according to conditions allowed by the Final R&O, to create harmful interference in RAs installed in fixed-wing and rotary-wing aircraft operating in real-world environments.
2. SG2—5G operational characteristics. This group is collecting information from TWG-3 and other sources to define the IMT base station technical characteristics to be used in the interference analysis.
3. SG3— Test procedures and results. This group is coordinating interaction with on-going OOBI testing being performed by AVSI to determine empirical out-of-band interference power threshold levels above which RA performance is degraded. The results of this testing will be compared to levels determined by the interference analysis to quantify the risk to RA equipped aircraft imposed by changes to the Adjacent Band proposed by the Final R&O.
4. SG4— 5G User Equipment considerations. This group is collecting information from TWG-3 and other sources to define the IMT user equipment technical characteristics to be used in the interference analysis.
Exchange of information
Non-aviation members of TWG-3 provided written questions concerning RA technical characteristics useful for analysis of the potential for harmful interference from IMT base stations and user equipment. Reciprocally, aviation members of TWG-3 (SC-239 Task Force members) provided written questions to the telecom industry stakeholders concerning IMT base station and user equipment technical characteristics. Each side plans to independently analyze interference scenarios using these technical characteristics. The results of these independent analyses will be discussed under TWG-3 to produce a consensus analysis that will be filed with the FCC to fulfil the recommendation in the Final R&O and to provide information to the Commission for use in determining final rules governing the planned auction of the spectrum between 3 700–3 980 MHz. The consensus report will not provide specific recommendations, but stakeholders can choose to file additional documents that makes use of the results in the consensus report.
Schedule
The tentative schedule for completion of the RTCA Task Force efforts is as follows:
· August 21—completion of empirical testing.
· August 26—data analysis and report submitted to RTCA for review and approval for public release.
· September 1—RTCA approval for public release of Task Force report.
· September 2—RTCA written ex parte filing with the FCC.
Task Force members will seek a meeting with the FCC to discuss the RTCA Task Force Report after submission of the written ex parte. These ex parte filing will include aviation industry recommendations for mitigations necessary to safely deploy IMT in the C-Band without causing harmful interference to existing RAs.
Following completion of the urgent work of the RTCA SC-239 Task Force, SC-239 and EUROCAE WG-119 will jointly resume work developing new and updated international standards for future RA performance requirements. This work will help support the ICAO FSMP development of SARPS per Job Card FSMP.006.01 and will also lead to revisions to RTCA DO-155 and EUROCAE ED-30. Additionally, aviation industry members may choose to form additional AVSI projects to continue testing address future concerns arising from new IMT deployments contemplated under ITU-R and individual administrations.
CONCLUSION
The US FCC is proceeding plans to open the 3 700–3 980 MHz frequency band for use by IMT, which prompted aviation industry members to raise concerns about the potential for harmful interference to radio altimeters operating in the 4 200–4 400 MHz frequency band. This has led to the formation of two industry multi-stakeholder groups to assess and recommend actions that must be taken to accommodate the incumbent services in these frequency bands. A Task Force formed under RTCA SC-239 is performing interference analysis to quantify the risk of that these proposed changes to the C-Band on continued safe operation of existing altimeters and to present their findings to the FCC. 
— END —
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