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	SUMMARY

	In June 2020, ICAO secretary brought to the attention of FSMP members, a Liaison Statement informing ECC about the issue of potential interference to aeronautical Radio Altimeters operating in the frequency band 4200 - 4400 MHz, caused by IMT systems currently operating or planned to operate in the frequency band 3400 - 3800 MHz in Europe. This Liaison Statement mainly focused on the fact that there is no specific limit of unwanted emissions from IMT base stations within the frequency band 4200-4400 MHz.

The recent RTCA Report SC-239 raised another risk from MFCN (5G in the band 3.7-3.98 GHz) into some radio altimeters.

This IP tries to compile all the information brought to your attention on the subject since the publication of the RTCA Report.


INTRODUCTION

The aim of this information paper is to give a “full” picture of the issue and provide some guidance examples that could minimise the impact on Radio-Altimeter for all stakeholders.r.

1. Historic

1.1.1 WRC15

Aviation used the analyses contained in working papers 14
 & 17
 to the 29th meeting of the Aeronautical Communication Panel, Working Group-F to help defend against proposals to implement IMT in frequency bands near 4000-4200 MHz in response to WRC-15 agenda item 1.1. After that successful effort, aviation recognized the need for additional information on radio altimeters, and a job card
 was instituted for FSMP to develop minimal SARPS for those systems, including receiver selectivity limits. Data was collected under the auspices of the WAIC standardization work that would form the basis for those altimeter SARPS. Results were briefed to FSMP starting in January 2019.
1.1.2 June 2020

ICAO secretary brought to the attention of FSMP members, a Liaison Statement informing ECC
 about the issue of potential interference to aeronautical Radio Altimeters operating in the frequency band 4200 - 4400 MHz, caused by IMT systems currently operating or planned to operate in the frequency band 3400 - 3800 MHz in Europe. This Liaison Statement mainly focused on the fact that there is no specific limit of unwanted emissions from IMT base stations within the frequency band 4200-4400 MHz.

1.1.3 October 2020

RTCA published Report SC-239
 on the “Assessment of C-Band Mobile Telecommunications Interference Impact on Low Range Radar Altimeter Operations” highlighted the following issues with the operation of mobile/fixed communications network using 5G technology in the frequency band 3.7-3.98 GHz

· That “5G base stations present a risk of harmful interference to radar altimeters across all aircraft types, with far-reaching consequences and impacts to aviation operations” 

· That fundamental emission (3,7 - 3.98 GHz signals) from 5G Base Station using active antenna systems could cause harmful interference to Usage Category 1 (Commercial Air transport Aircraft) in certain circumstances.  Noting that fundamental emission creates effects on RA like blocking, saturation, intermodulation....

· For Usage category 2 (Regional Business Aviation and General Aviation) and Usage Category 3 (Helicopter) every 5G base station configuration will result in harmful interference, from both fundamental and spurious emissions, being present in virtually all operating scenarios and geometries

· That 5G User Equipment (UE) operating on the ground are not expected to cause harmful interference to radio altimeters  

· That 5G UE operating on board Usage Category 2 & 3aircraft could cause harmful interference to radar altimeters.

1.1.4 November 2020

In France, 5G was authorised and the first base stations were activated. Considering the RTCA SC-239 report, France has taken immediate action
 to mitigate possible interference with radio altimeters.

1.1.5 Documents published on the subject in 2021

1.1.5.1 CEPT PT1

1.1.5.1.1 ECC PT1 #67 January 2021 ECC 

There were 3 contributions on the subject:

· Airbus ECC PT1(21)022

The airframer wanted to make the PT1 aware of the radio altimeter issue, of the existence of the RTCA report SC-239 and of the planned tests.

· France ECC PT1(21)006 
Protection of radio altimeters from MFCN in 3.4-3.8 GHz.

France invites ECC/PT1 to study, as a matter of urgency and taking into account the safety aspect, the risk of interference from 5G in the 3.5 GHz band into radio altimeters. France also presented immediate measures for the protection of radio altimeters (RA).
· Bouygues Telecom, Orange ECC PT1(21)027

C-band 5G networks have been deployed in different parts of the world, and there was no interference case reported. The source of problem suggested by the RTCA report was RA receiver out of band blocking (…) There is no evidence this RTCA report represents the real situation in Europe or elsewhere (…) If some RA models have receiver blocking problems, a replacement or repair plan must be set up as an urgent matter.
PT1 agrees on a new work Item (PT1_40
) Compatibility between MFCN operating in frequency band 3400-3800 MHz and Radio Altimeters (RA) operating in the frequency band 4200-4400 MHz.
The scope of this work item is the following:

Assessment of susceptibility of deployed RA receivers operating in 4200-4400 MHz, while taking into account any civil aviation initiatives on RA receivers, in order to study the following compatibility scenarios: 

1) Unwanted emissions from MFCN operating in 3400-3800 MHz into 4200-4400 MHz radio altimeters band

2) Impact of blocking of radio altimeters from 3400-3800 MHz MFCN in-band emissions 

1.1.5.1.2 ECC PT1 #68 April 2021

There were 3 contributions on the subject:

· GSA ECC PT1(21)122 
MFCN characteristics for WI on Radio Altimeters

GSA invites ECC PT1 to take the MFCN characteristics (as in Annex) into account for the studies of radio altimeters while noting that final information will be provided for the September meeting of ECC PT1. 
· France ECC PT1(21)117 
WI 5G radioaltimeters

France invites ECC PT1 to consider the attached draft skeleton for an ECC report on “Compatibility between MFCN operating in 3400-3800 MHz and Radio Altimeters (RA) operating in 4200-4400 MHz”. This proposal was accepted by ECC PT1.

· Eurocontrol ECC PT1(21)115 
EUROCONTROL ICAO State Letter on Potential safety concerns regarding interference to radio altimeters.
Eurocontrol invites Administration to consider as a priority, public and aviation safety when deciding how to enable MFCN (5G) services in radio frequency bands near the bands used by radio altimeters.
1.1.5.1.3 ECC PT1 #69 September 2021

· France ECC PT1(21)192 
Outcome from preliminary trial on one type of radioaltimeter fitted on helicopter.
· GSA ECC PT1(21)188 
MFCN characteristics for WI on Radio Altimeters 
.

· Norway ECC PT1(21)184
 
- Results of the preliminary test of compatibility between MFCN operating in 3400-3800 MHz and Radio Altimeters operating in 4200-4400 MHz.
1.1.6 ICAO FSMP

There were 3 contributions on the subject

· FSMP-WG11-WP27_Mobile vs Radalt REv.1 UK Deployment of Mobile Systems in the Frequency Range 3.6-4.2 GHz and the Theoretical Impact on Radio Altimeters

· FSMP-WG11-WP30_5G Japan: The compatibility study between 5G base stations and radio altimeters in Japan and update of the result of measurement campaign.

· FSMP-WG11-WP19 ICCAIA Working Paper on radio altimeters to Encourage ICAO and Panel Member Participation in Country Regulatory Activities that Could Cause Interference to Radio Altimeters
1.1.7 ICAO HIGH LEVEL CONFERENCE ON COVID-19 (HLCC 2021)

One paper
 co-signed by Air Transport Association (IATA), the International Business Aviation Council (IBAC), the International Coordinating Council of Aerospace Industries Associations (ICCAIA), the International Federation of Air Line Pilots’ Associations (IFALPA) and RTCA will be presented on “Safety concerns regarding interference to aircraft radio altimeters”. This Working Paper asking that States mitigate the risk of 5G implementation to safety-critical radio altimeter functions.
1.2 Worldwide actions

1.2.1 Japan

At the last FSMP, Japan presented measures for the deployment of 5G base stations around runway.  These measures were put in place a long time before the French mitigation measures were implemented. Both measures are similar.

Apart from the fact that Japan uses a different frequency band than Europe (closer to the radio altimeter frequency band), in time when Japan implemented these mitigation measures, AAS antennas were not allowed. The maximum EIRP (macro cells 68dBm or small cells 48dBm) was therefore much lower than EIRP (with AAS antennas) allowed in Europe and in the U.S. For these reasons, Japan requires smaller separation distances while being closer to the radio altimeter frequency band.

1.2.2 New Zealand

In November 17th 2020, CAA published a safety message that require to “Do not use 5G devices inflight if you have a radar altimeter”.

1.2.3 United Arab Emirate

United Arab Emirate also published a SafetyAlert
 at the attention of United Arab Emirate Aircraft Operator, informing them about the likelihood of 5G interferences on aircraft system. This safety alert also recommends to monitor and report any 5G interference events.

1.2.4 France

France published a Safety info leaflet
 while mitigation measures are still in place around CAT III runway.

Extensive tests were planned but the mobile operator involved left the table after few weeks of preparation. This test is still on hold.

Less extensive tests were planned to estimate the sensitivity of the radio altimeters fitted into helicopters of Gendarmerie (French military police force). The details of this test are available in the attached file paragraph 1.1.4.3. Unfortunately, it was only possible to test one type of helicopter due to the unavailability of the second model which equips the gendarmerie fleet.

1.2.5 Australia

The Australian spectrum regulator (the ACMA) has formed a technical liaison group (TLG) to review/develop spectrum and apparatus licence technical frameworks for the 3400-4000 MHz band. Australia published an Airworthiness Bulletin
 asking to report any Radio-Altimeter interference that occurs below 2500 feet.

1.2.6 Canada

Canada published a Civil Aviation Safety Alert
 on “Potential Interference of Radio Altimeter Systems”. It recommends switching off all 5G passenger/flight crew devices and in case of interference, to report the event to the Air Traffic Service as soon as possible.

On August 6, 2021, Innovation, Science and Economic Development Canada (ISED) initiated a Consultation
 on Amendments to SRSP-520, Technical Requirements for Fixed and/or Mobile Systems, Including Flexible Use Broadband Systems, in the Band 3450-3650 MHz (the Consultation). (ISED) invites further comments and extending the deadline to October 15, 2021.

2. Discussion

The problem of radio altimeters is not specific to 5G but rather to high field susceptibility. We can take the example given by ATR in its presentation to the FSMP
. But of course, since 5G is being deployed massively and globally around the radio altimeter frequency band 4.2-4.4 GHz, it makes 5G the main part of the problem.

The mid-band frequencies ranges discussed here have become central to 5G operators plans to rollout new technologies, balancing capacity and coverage.  The priority the 5G operators place in this spectrum range is reflected by the multiple billions offered in different national auctions.  This is contrasted by radar altimeters being a highly sensitive system, needed to achieve the necessary performance and accuracy, reacting to a dramatic change in the RF environment.  Radar altimeters are deployed on most aircraft for many essential air safety functions of modern aircraft given its capability and years of interference free performance.  Therefore, both industries are highly invested in the outcome, but also use different standards and metrics to assess the risk of interference.  Combined with the significant sums of money and political interests, this creates a source of friction that appears difficult to solve. 

2.1 Why C-band 5G networks have been deployed in different parts of the world, and there was no interference case reported?

This question is often asked, but the risk cannot be generalised. The risk of interference to a Radio Altimeter depends on many parameters such as: 

· Maximum Effective Isotropic Radiated Power (E.I.R.P = power of the 5G base station (xxx) + antenna gain (yy)) 

· Power of the 5G base station (xxx dBm) call TRP (True Radiated Power)

· Antenna gain (yy dBi) depending on the type of antenna.

· the location of the Base station antenna

· the antenna tilts.

· the rate of use of a base station

· The ground reflection and altitude

· the frequency band used.

· aggregated unwanted emission level 

· The vertical scan (Scan angle)
From one country to another, all these parameters are different even in CEPT countries.

2.1.1 E.I.R.P

The tests carried out by Norway and France are interesting. 

If we consider the power parameter (EIRP) as a parameter and estimate the "zone de sécurité" (safety area) as defined in the French mitigation measures.

If we use the power of 60.68dBm EIRP from Norway: the “zone de securité” is in red (123m each part of the runway);

If we use the power of 78dBm EIRP from France: “zone de sécurité” is in green (910m each part of the runway).
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As we can see, using an EIRP of 60.68dBm for the 5G Base station, the runway easements are sufficient to protect radio altimeters, using an EIRP of 75dBm for the 5G Base station: implementing 5G antenna on the air terminal would be problematic.  

E.I.R.P is the main problem, but within the regulations, there is no limit of EIRP! Because there are not limit on the antenna Gain, only the TRP is limited (E.I.R.P = TRP +.Antenna Gain). AAS antennas are a huge problem, because in theory there is no limit to the antenna gain and therefore no regulation on the limit to the EIRP. Without EIRP limits, we will never be able to develop standards that allow radio altimeters to be resilient!

2.1.2 Type of antennas used

Two different technology are available for 5G antennas with different antenna gain and therefore acts directly on E.I.RP

· AAS antenna (advanced antenna systems) is the general term used to describe antenna using adaptive beamforming. Depending on the information available, the gain can exceed 25dBi

· Non AAS antennas are antennas with a fixed beam, usually 120° where the gain where the gain is constant around 15dBi.

2.1.3 Antenna tilt

In some countries, the tilt must always be below the horizon, and therefore the maximum gain towards the aircraft is lower (about 5dB) than the maximum gain of the antenna. But for example, in France, this constraint has been removed by a ministerial decision. 

The desire to use the 5G for the UTM will question the limitation of negative tilt in other countries.

2.1.4 The vertical scan (Scan angle)

The vertical scan of an AAS Antenna has the ability to steer the main beam of the AAS antenna upward toward an aircraft above the horizon. There are no restrictions on the vertical scan angle in the Telecommunication regulations. The main beam is steered above the horizon depending on User Equipment demand in the vicinity and network management policy of the operators and the antenna manufacturers. RTCA report details the consequences on radio Altimeters in such cases (refer to §10.1.3). Also, high negative vertical scan angles can also create significant grating lobes upward.

2.1.5 The rate of use of a base station

The power radiated by a base station depends on the data traffic passing through it. According to the information available: in France, data transmitted in 5G represents less than 1.5% of mobile data. This can be explained by the price of 5G subscriptions, which is tending to fall. At the same time, the rate of 5G compatible phones that will be available for the population is going to increase, knowing that but the average renewal period for a phone is 2 years. This means that, within 2 years, most of the phones will be 5G capable and the 5G mobile data traffic will be higher.

2.1.6 The ground reflection and altitude.

The susceptibility of radio altimeters also depends on the ratio of the 5G signal to the radio altimeter return signal. The higher the ground reflection coefficient is, the more resistant the radio altimeter is. But this coefficient is not constant, it depends on the type of soil (sand, pure water or sea, agricultural land, vegetation…) and the soil moisture content.

The altitude of the aircraft increases the path loss of the Radio altimeter signal, and therefore makes its receiver more sensitive, but at the same time the altitude of the aircraft moves it away from the 5G base stations and increase 5G the path loss. Studies and simulations have shown that the most unfavourable altitude is around 200ft.

2.1.7 aggregated unwanted emission level 

RTCA report indicated that the conducted PSD (Power Spectral Density) of Spurious Emissions from a 5G Base Station is -20 dBm/MHz. It also indicates that the peak output PSD of this spurious level at the output of the antenna (eirp) corresponds to a conducted PSD through a single element of an AAS antenna. So the Peak Output PSD spurious (eirp) can reach -12.9 dBm/MHz. RTCA Report relies on data provided by Telecommunication community (as per Appendix B) 

2.1.8 The frequency band used

The new uses of 5G worldwide are concentrated in the frequency band 3-5 GHz. A wide guard band does not make it safe, but it is part of the equation to protect radio altimeters. That is why the availability of data on the succeptibility for all type of Radio-Altimeter over the whole frequency band 3-5 GHz, will allow us to establish specific rules for each 5G frequency band.

2.2 Stakeholder organisation

2.2.1 ICAO

2.2.1.1 FSMP

ICAO sent a state letter (drafted by FSMP) to raise awareness in the aviation community. 

During FSMP WG11, a correspondence group on radio altimeters (CG-RA) was formed to collect information on a number of topics related to 5G/altimeter compatibility (FSMP WG11 Report
 Appendix H).

2.2.1.2 FMG Europe 

The European FMG is following the issue and invites its members to express ICAO's concerns to their respective frequency regulator.

2.2.2 EASA


Following the CARI (Continuing Airworthiness Review Item) sent by EASA to all aviation stakeholders on the subject. The partial data received by the CARI (deadline in February 2021) did not allow to conclude for a risk assessment. Further data were expected during the summer. 

During ECC PT1 #68 Meeting (April 2021), EASA has taken the lead in the collection, compilation and anonymisation of radio altimeter data from the different manufacturers. These data are needed to be implemented into the draft ECC Report (CEPT PT1 SWG C TEMP 13 / ANNEX VIII-13) for conducting studies, and only EASA (within Europe) has the authority/legitimacy to request this data from manufacturers.

Without any explanation, EASA did not contribute nor participate in the following ECC PT1 #69 meeting (sept 2021).

2.2.3 CEPT PT1

At the beginning of the year, when the issue was brought to the attention of PT1, there was a lot of tension. But since the ITM community has realised that the aeronautical community is not able to provide technical characteristics, they are more confident. Some of them asked to put the subject on hold, others said that if EASA doesn't react then there are no problems, and therefore the work item must be closed…

The ECC PT1 report on the Radio-Altimeter topic is planed to be delivered for March 2022. It will already be very difficult to meet the deadline, but if the characteristics are still not available, I am afraid that the report will be definitely closed.

2.2.4 FAA (Federal Aviation Administration U.S.A)

From what we know:

· 5G activation in the US is imminent.

· FAA is still talking to the FCC (Federal Communications Commission) and the NTIA (National Telecommunications and Information Administration)

2.2.5 RTCA-EUROCAE

Following the US national regulator’s decision to allow 5G services in the 3.7-3.98 GHz, additional study was encouraged given the questions raised by the aviation community.  From this, RTCA created a public multi-stakeholder group under its SC-239 committee that conducted an extensive theoretical study of the simulated 5G interference, assessing it against radar altimeter performance data from the major manufacturers in common and real-world scenarios. With the regulatory limits defined by the US national regulator for base stations and handsets, combined with data from the 5G interests, the RTCA SC-239 Report
 found that all aircraft types and multiple operations received interference from both simulated fundamental and spurious 5G emissions. The RTCA Report concluded that “5G base stations present a risk of harmful interference to radar altimeters across all aircraft types, with far-reaching consequences and impacts to aviation operations”.  Although they did not participate in the public RTCA work, 5G interests have challenged the findings stating it is overly conservative and there is no interference potential.  Since publication of the RTCA Report, no decision has been yet made by the U.S national regulatory.  
In December 2020, RTCA made an interesting Youtube presentation of the Radio Alitmeter issue
. 

RTCA and EUROCAE (SC-239/WG-119) have jointly initiated the drafting of new Mops for the Radio Altimeter, the completion of the work is scheduled for December 2022.

3. Conclusion

Radio altimeters were developed at a time when:

· mobile telecommunication industry didn’t exist.

· coexistence with systems in adjacent frequency bands had little or no impact.

The increase demand for wireless technology to enable connectivity has come to surround of some aeronautical frequency bands, including the Radio Altimeter frequency band 4.2-4.4GHz. It was clearly never anticipated by the Radio altimeters industry in 1980s. 

Although the aviation community is developing new standards as fast as possible, but States shall ensure the safety of life during this transitional period. The aeronautical community must make “the best effort” but can do it only if the limits of RF environment are perfectly known and stable for decades.

– END –
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