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	SUMMARY

	This paper describes the ongoing discussions and actions taken by Brazilian authorities to provide a definitive solution for the safe coexistence between C-Band 5G mobile service and radar altimeters installed in aircraft. Brazil still faces challenges on how and when to propose lifting the current mitigations posed to the airports’ environment, as a significant amount of the Brazilian fleet would probably need to be retrofitted in a timely manner.  




1. INTRODUCTION

1.1 In Brazil, Anatel, the National Telecommunications agency, auctioned the C-Band 5G mobile service in November 2021, encompassing the 3,300-3,680MHz frequency band. This is the band of concern nowadays in Brazil due to the maximum power density levels limits and proximity to the radio altimeter frequency band of 4,200-4,400MHz. Another auction is being processed for the frequency band of 4,800-4,990MHz with an implementation schedule to be defined in near future. 

1.2 The 5G in Brazil for mobile services entered into service in July 2022, adopting initially a frequency range of up to 3,600MHz. Studies and discussions made in conjunction with Anatel, ANAC (Brazilian National Civil Aviation Agency), through the support from DECEA, Department of Airspace Control in Brazil, and from other foreign civil aviation authorities, reached the consensus to adopt a precautionary zone composed by a rectangle of 2100 meters from each end of the runway and 910 meters of each side of the approach line. Inside this precautionary zone, it was defined a limitation for any of the C-Band 5G base station antenna main lobe elevation for pointing up to the horizon (or below) and a power level limitation of 67 dBm/100MHz (EIRP) for 3.3-3.6GHz and 65 dBm/100MHz (EIRP) for 3.6-3.7GHz frequency ranges. These limitations were based on calculations and analysis performed, through worst-case scenarios1. The limitations were published by Anatel Act No. 90642, as of June 28th, 2022. 

1.3 The most critical scenarios identified were related to an aircraft performing a precision approach to land (in Brazil, it is being considered CAT I AR - Authorization Required, CAT II and CAT III approaches). Further investigation identified some aircraft models where the radar altimeter performs additional critical functions. Therefore, additional limitations should be imposed if operating in a non-tolerant environment. To address this issue, Brazil has updated the list of airports and runways that should have the precautionary zone limitations in place, continuing the work done that resulted in Anatel Act No. 9064. 
1.4 Since the beginning of 2023, the Brazilian authorities have been discussing how to enable lifting the current mitigations in place. This work is requiring more data to precisely establish the minimum level of effective isotropic power spectral density a radio altimeter configuration, as installed in an aircraft, shall support per height above ground to be considered a radio altimeter tolerant aircraft to the Brazilian’s nominal environment, which would allow up to 75 dBm/100MHz (EIRP) and no tilt limitation. 

2. DISCUSSION

2.1 Considering the fundamental emissions of 5G signal in Brazilian context, ANAC has considered the maximum center frequency of 3,650MHz, per agreement with Anatel, as the worst-case carrier frequency in terms of the proximity with the radio altimeters frequency band. Also, ANAC had to determine and refine conditions to define the worst-case scenario of an antenna installation (in the proximity of a runway) as compared to the aircraft position during approach, as the most critical flight phase. Since when Brazil has established the current mitigations, per Anatel Act No. 9064 (as explained above), the refinements made for such purpose (i.e., the geometric scenario) were minimal. 

2.2 Based on such worst-case scenario defined, it was possible to define the curves of minimum level of effective isotropic power spectral density a radio altimeter configuration (as installed) shall support per height above ground. Three curves were generated to characterize the 1) BR W LIMIT - the current scenario with mitigations from Anatel Act No. 9064 in place, 2) BR TILT LIMIT - possible future scenario lifting the power level limitation only, and 3) BR NO TILT LIMIT - possible future scenario lifting both power and tilt limitations. See Figure 1. It is important to note that the power level provided in the curves are related to what the radio altimeter antenna would receive and should tolerate. It is important to note these curves do not include the 6dB safety margin per ICAO recommendation3. Therefore, any margin should be taken into account when assessing the radio altimeters’data.
2.3 In order to confirm the impact for each possible future scenario, with focus on the possibility of lifting the current mitigations, it would be important to gather as much information from radio altimeters’ manufacturers testing data (in laboratory) as possible for the specific Brazilian frequency band. With the evolution of the discussions of this subject around the world, in 2023, more data were made available than those during the studies that resulted in  the mitigations from Anatel Act No. 9064. Specific data was obtained through testing performed to the FAA Airworthiness Directive 2021-23-12 AMOC process, although not all of these tests comprised the frequencies in operation in Brazil. Aerospace Vehicle System Institute (AVSI) also provided some very appropriate and public data, through Volume III of the AFE 76s2 Report4. Additionally, it should also be noted that very useful data was publicly available from ISED-Canada through its process of expanding use of C-band in the frequency range 3450-3900 MHz5. With all these data in hand, it was possible to estimate the impact of lifting current mitigations, in terms of knowing the number of aircraft affected, comparing to the fleet configuration in operation in Brazil (considering Brazilian-registered aircraft only). 

Figure 1

Brazilian environment (Fundamental Emissions)


[image: image1]
2.4 Considering the scenario removing the power limitations in the airports’ precautionary zones (i.e., returning to the nominal value of 75 dBm/100MHz (EIRP) on the precautionary zones) as shown in BR TILT LIMIT curve above, it is currently estimated that around 17% of the aircraft fleet capable of precision approaches dependent on radio altimeter, from CAT I AR (with a decision height of 150ft) and down, would have to be upgraded or limited.

2.5 Anatel had proposed through Act No. 10516, as of February 1st of 2023, to review the current restrictions imposed to the airports’ area until July 31st of 2023. That was recently done through the Anatel’s public consultation n. 387, as of July 27th of 2023, that proposes a change to the Anatel Act No. 9064 by removing the power limitations in the airports’ precautionary zones (i.e., returning to the nominal value of 75 dBm/100MHz (EIRP) on the precautionary zones) which would come into force on October 16th of 2023. As a proposed timeline, this is currently on the spot for discussions, also considering the feasibility aspects for adapting the fleet. 
2.6 The spurious emissions from C-Band 5G signal in the radio altimeter frequency band (4,200-4,400 MHz), is not being deemed a concern in Brazil, according to studies from Anatel and ANAC, and considering a -43 dBm/MHz TRP limit. Such limit was not so clearly stated before, but it should be published on a consistent manner in a near future, according to Anatel’s public consultation No. 398. 

2.7 Another important challenge to consider is about how to address the need for retrofit (or limitations) of foreign-registered aircraft flying into Brazil, since an Airworthiness Directive (AD), for example, cannot impose any requirements to non-Brazilian registered airplanes. This issue is still being coordinated internationally.

3. CONCLUSION
3.1 Actions are being coordinated in Brazil to prevent a safety impact to the operations in terms of a potential interference of C-Band 5G signal to the radio altimeters in their most critical uses. However, difficulties arise from the studies since there are multiple combinations in the field (radio altimeter and aircraft-specific configurations) and not all manufacturers are being cooperative in terms of sharing the testing data. Therefore, any rule to be imposed would not be so simple and straightforward, and probably the best way to address the issue is to impose a power spectral density curve threshold, such as illustrated in Figure 1, for which radio altimeters, as installed, should demonstrate tolerance to. 

3.2 The scenario evaluated in Brazil has shown that there is potentially significant amount of design configurations in the fleet that will not tolerate the C-Band fundamental emissions 5G levels, and therefore retrofits will be necessary. From the telecommunications community standpoint, it is not possible to keep the current mitigations indefinitely. On the other hand, discussing a timeline for retrofitting is still a big challenge. 

3.3 As far as it is possible, ICAO coordination with ITU can generate more guidance to be used by all member states. The international harmonization on the way to address this topic is still a point of concern. 
— END —
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Objective


This presentation focuses on highlighting the current 
status of the 5G discussions in Brazil in terms of the 
safe coexistence with the radio altimeters used in 
aviation.







Overview of C-Band 5G in Brazil


 In C-band, 5G mobile services in Brazil is already 
implemented ranging from 3 300 to 3 700 MHz – starting 
July 2022.


 Another auction is being processed for the frequency band 
of 4 800 – 4 990 MHz (not implemented).


 Currently, main airports in Brazil are limited to the following 
power levels, inside the precautionary zones:
Up to 3 600 MHz, 67 dBm/100MHz EIRP per polarization;
 3 600 MHz and above, 65 dBm/100MHz EIRP per polarization.


 Inside the precautionary 
zones, there is also a tilt 
limitation (up to horizon 
level).


Ref. ANATEL Act 9064, June 28th 2022.







Current status and next steps


 However, it is under discussion the potential alleviation of the 
power level limitation under the precautionary zones, for 
allowing up to 75 dBM/100MHz EIRP (per polarization).


 Anatel (Brazilian Telecom Agency) raised a Public Consultation 
(No. 38) for removing the power level limitation starting from 
October 16th 2023. Due date for comments is Aug 31th 2023. 


 If no limitation is imposed, ANAC’s conclusion is that, without 
current power restriction, the interference may occur in a 
way it could be considered unsafe  around 150 aircraft 
affected.


 So far, in Brazil there is no 
limitation to the aircraft nor 
a requirement for retrofit 


The mitigated environment is 
considered adequate. No report 


of interference up to now. 







Safety conclusions


 2 scenarios:
 General: SA CAT I, CAT II and CAT III approaches (DH ≤ 150ft). 
 Specific aircraft models: depending on the use of radio 


altimeter data by other systems.  


 In Brazil, only scenarios having Hazardous or Catastrophic failure 
effects considered. 
 So far, the cumulative effect of minor or major failure conditions was not 


considered sufficient to trigger a mandatory action. 







Analysis method for 
fundamental 5G emissions


 ANAC gathered susceptibility data from radio altimeter 
manufacturers’ lab testing from multiple sources (FAA AMOCs, 
ISED, AVSI). 
Data available under 3 700MHz and below was not much better than 


from 3 700MHz and above (US scenario) for some poor performance RAs. 


 Some additional data considered to calculate the susceptibility 
threshold at the Rx antenna at the aircraft included:
 Backoff from breakpoint to tolerance threshold
 Testing uncertainty
 Performance tolerance (environmental and unit-to-unit variation)
 Assumed RX Path Cable Loss
 RA Antenna Gain at the 5G frequency band







Approach scenario considered


Simplified free space propagation model considered.


More stringent scenarios from RTCA DO-399 not considered.


 Simplified free space propagation model considered.
 AAS antenna pattern, per RTCA Paper No. 274-20/PMC-2073.
 Worst secondary lobe from BS pointing to the aircraft (tilt limitation still 


applicable – no firm plans yet to sunset tilt limitation in Brazil). 
 Aircraft position – no roll angle considered, pitch angle of 8 degrees.
 More stringent scenarios from RTCA DO-399 not considered.







Brazilian environment susceptibility 
threshold (calculated)


Current 
scenario


Removing the 
power 
limitation


Removing the 
power and tilt 
limitation


Note: 6dB ICAO recommended margin is not considered in the curves above but 
was taken into account when comparing to the RA data (as installed). 







Other issues


 Anatel (Brazil) reaffirmed the -43dBm/MHz TRP limit.
 Being so, the conclusion was for no impact on the aircraft flying 


in Brazil with respect to spurious emissions. 


Spurious emissions from 5G antenna in the RA band


 Any mandatory decision should also apply for international 
operation into Brazil. But a future Brazilian Airworthiness 
Directive (AD) would not have empowerment to encompass 129 
operators. ANAC still gathering data from these international 
operators to map the status and confirm the impact. 


International operations







Conclusions


 The analysis processed demanded (and still demands) a huge 
effort from the Brazilian aviation authorities. 


 Although Brazilian aviation authorities are concluding for a 
safety impact if power levels are alleviated, telecom operators 
(e.g., through GSMA) often compare with conclusions from 
other countries, in similar frequency ranges, and have 
challenged our conclusions in Brazil.
 Telecom domain is used to consider average scenarios instead of critical 


scenarios. 
 Coordination between ICAO and ITU could generate harmonized 


guidance.


 Timing for retrofit, as proposed by Anatel, is very challenging for 
aircraft operators (around 150 aircraft affected). This is currently 
under discussion as per Anatel’s Public Consultation No. 38. 







Questions or Comments?
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