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Annex B: Clarification on 5G performance to be considered

The Aviation Community requests detailed information and parameters on the following 
questions, in a manner that can be applied to all current and future operators in the 3400– 3800 
GHz band. Given the range of operations allowed under the MFCN licenses, and the differences 
in parameters provided in the current docket, for each parameter it is requested the 
following details be provided:

• Clarification that the parameters provided are for the worst case (such as >99th 
percentile). 

Answer: MFCN parameters and parameters values provided by GSA for PT1 are the ones that have been debated extensively and agreed in ITU-R WP5D. Their values are typical and representative, targeted to be used in sharing and compatibility studies.  
Future requirements on radio altimeter performance should be independent of the characteristics of systems operating in the adjacent frequency bands, i.e. be made future proof. This is particularly important given the long product lifetime of aeronautical equipment. Therefore, in any forward-looking aviation MOPS, specifications should dictate sufficient band pass filtering and robust radio altimeters receiver selectivity performance to avoid having the radio altimeters pick up transmissions outside of their designated frequency allocation (4200-4400 MHz). These should not be based on characteristics of current MFCN base stations. Radio altimeters must be capable of performing in an environment where adjacent services to 4.2-4.4 GHz, whether it is below 4.2 GHz or above 4.4 GHz, can operate efficiently without unnecessary restrictions on power nor limitations of direction of the base station antenna in order not to constrain future technology developments. 

• If there are differences between each operators’ implementation, it is requested 
these differences be clarified and a means be provided for the Aviation Community to 
identify and assess against these different operations (such as identifying the worst case 
across all 5G operators, or an alternative means).
Answer: There can be differences within different countries and different operator implementations, due to the wide variety of implementations across vendors and deployment scenarios. Hence, for sharing and compatibility studies, the MFCN characteristics as agreed in ITU-R WP5D are proposed to be used.
In general, spectrum efficiency and utilization will trend toward tighter spacing between allocations in the future.  A radio designer should plan for equipment to employ only spectrum within their allocated band and include sufficient filtering to reject signals outside of the allocated band.  We believe that sufficient band pass filtering should be included in radio altimeter designs to reject signals transmitted outside of the radio altimeter allocation of 4200-4400 MHz. 

• What assurance levels are provided for each parameter? Is there an integrity level that all 
operators must meet, and what measures are put in place by operators for proper 
equipment maintenance to ensure Base Stations and UEs continue to operate 
and transmit within the required parameters?
Answer: The EC decision for 3.4-3.8 GHz (link) provides the necessary regulatory conditions for the operation in Europe. All equipment operate in conformance with the regulatory conditions where they operate and are based on 3GPP specifications.  The antenna models as mentioned are typical and representative of the MFCN base stations operating in this frequency band. The assurance on parameters and their values is that they have been debated extensively and agreed in ITU-R WP5D, which is the IMT/4G/5G mobile expert group in ITU-R, with good level of participation of vendors, network operators and regulators – and done with close co-operation with 3GPP.  
Per the AVSI publicly shared data, a number of radio altimeter models in each aviation category performed flawlessly within the RTCA study framework, even in the presence of current MFCN/IMT signals up to 4000 MHz.  Japan currently operates up to 4100 MHz and from 4500 MHz.  Some radio altimeter models have low quality receiving blocking performance for adjacent bands (e.g. only a few dB rejection of adjacent band service in a few hundred MHz). Therefore, aviation industry should also examine the band pass filtering and front-end radio design to have reasonable designed altimeter models. 
[bookmark: _Hlk97585407]So, interference free operation should not be a matter of assurance levels from the mobile industry; future requirements for radio altimeter performance need to be independent of the characteristics of systems operating in the adjacent frequency bands, whether these systems are MFCN or of different nature. This is particularly important given the long product lifetime of aeronautical equipment.

• Are any parameters subject to change as the networks and technology mature, and if so, how 
long are the current parameters valid, and what is likely to change? 
Answer: These MFCN parameters and their values are valid for WRC-23 and beyond for coexistence studies. There are no changes expected in foreseeable future. For sharing studies, higher transmit powers may be considered in addition to the transmit powers in the Draft ECC Report based on the parameters agreed at ITU-R.
Considering the long lifetime of the aviation MOPS, and future MFCN technology developments in the long term, it is critical that future altimeters are designed with sufficient band pass filtering to avoid picking up signals outside of their allocated spectrum of 4.2 to 4.4 GHz.


Base stations

• What are the maximum fundamental emissions in the 3400– 3800 GHz band at the 
transmitter output (i.e., the maximum allowed Power Flux Density or Power Flux 
Spectral Density at each point in space above the horizon) while keeping in mind 
that several UE operating onboard an aircraft can steer the Base Station main 
beam upward toward the aircraft?

Answer: The EC decision (link) has no obligatory in-block power limit for AAS and non AAS BS. For the coexistence study in PT1, the maximum base station transmit power in current deployment of 5G networks in 3400-3800 MHz in Europe can be considered as 78 dBm EIRP for a channel bandwidth from 40 to 100 MHz, depending on the spectrum allocation.
For the design of the MOPS, given aviation long-term planning horizon of decades and evolving MFCN/IMT base station technology it is possible that base station power levels will exceed current levels in the future.    We again emphasize the critical need for forward-looking aviation MOPS, with sufficient band pass filtering and robust radio altimeters receiver selectivity performance to be independent of the characteristics of systems operating in the adjacent frequency bands.

• What are the maximum spurious emissions at the transmitter output, accounting for all factors 
including phase noise, harmonics, etc. in 4.2-4.4 GHz band assuming a maximum network 
loading factor?
Answer: The unwanted emissions in the spurious domain for Europe are specified in ERC Recommendation 74-01. The specified limits apply to any configuration of the base station. 

• What are the maximum possible main beam uptilt or the maximum limit for the 
vertical electrical scan above the horizon of 5G base station Advanced Antenna System 
(“AAS”) antennas across all manufacturers and operators?

Answer: MFCN base stations at 3.4-3.8 GHz are for macro-cell deployments, characterized by antennas at relatively high towers with some downtilt to serve users/UEs, which are usually at an angle below horizon from the base station antenna perspective. A base station will steer the beam towards its UEs and the typical steering range is provided in the MFCN characteristics for sharing and compatibility studies. While MFCN macro base stations at 3.4-3.8 GHz usually have beam steering below horizon, some specific/local deployments may require beam steering above horizon.

o Are there any “built in” limits (software, physical, electric) implemented in the AAS 
antennas to restrict the main beam above the horizon? For example, where the 
main beam might be directed upward to serve UE inside a building which is higher 
than the antenna base station, or in the case of an aircraft crossing that main beam 
with active UEs onboard?
Answer:  Base stations have a limited beam steering range by design, which can vary among different products. Moreover, the base station configuration of operation depends on the deployment scenario. 
MFCN base stations are designed to optimize performance towards its intended users/UEs. While usually steering beams below horizon, restrictions on beam steering would have negative performance impact for specific/local deployments. 

o Under the above scenarios, how much EIRP power is directed above the horizon by 
the main beam and side/grating lobes?
Answer: EIRP above horizon in main beam and side lobes is dependent on the antenna design. The provided beamforming antenna characteristics are used to model the typical antenna characteristics as the MFCN base station serves its UEs. The exact power would depend on the deployment scenario and base station implementation.

• Is there a minimum scan loss of 5G base station AAS antennas across all manufacturers and 
operators?
Answer: The radiation pattern of the MFCN base station antenna is determined by the element (and the sub-array) pattern and the antenna array characteristics, as provided in the agreed sharing parameters. Sharing studies typically involve statistical analysis of beamforming AAS base stations with the provided model which incorporate steering towards UEs within the coverage range.

• Is there a 5G statistical representative model that would offer a power flux density at 
each point in space and that would consider several base stations and a 
Cumulative Distribution Function bounding that covers the range of 1e-5 to 1e-9 cut off 
levels?

Answer: Transmission from a BS/UE in instant of time at a high power level will not cause the altimeter to fail and aircraft systems to fail; sustained bursts of power are the driving cause as their lab tests considered.  Considering low probability power levels that would be a few microseconds in duration in a specific direction is not the engineering situation to be assessed.
Proper receiver design as evidenced by a number of radio altimeter models performing flawlessly in RTCA study show that such a model is not necessary when planning a well-designed radio altimeter receiver. 

o Would it be possible to have such a 5G statistical representative model defined 
for an airport operating within each of the urban, suburban, and rural environments? 
Answer: IMT/MFCN parameters are defined for typical deployment scenarios as currently included in the Draft ECC Report “Compatibility between MFCN operating in 3400-3800 MHz and Radio Altimeters (RA) operating in 4200-4400 MHz”. The relevant coexistence scenarios for studies need to be discussed in the CG/ PT1. See the answer for above question as well.

o What are the configurable parameters (such as antenna element numbers, etc.) 
of such a model and which values have been selected?
Answer:  The MFCN characteristics as agreed in ITU-R WP5D contain all relevant parameters for sharing and compatibility studies. These parameters can be found in draft ECC Report “Compatibility between MFCN operating in 3400-3800 MHz and Radio Altimeters (RA) operating in 4200-4400 MHz”.  

• The data exchange in the 2020 TWG-3 gave a reference to Recommendation ITU-R M.2101-0 
as an appropriate model for 5G AAS antennas.16 Recently, there has been information of a 
potential new update of the ITU-R M.2101-0, with measurements for the AAS antennas 
model validation that exhibit higher power side and grating lobes than the ITU-R M.2101-0 
model.17 In addition, the measurements also suggest some adjustments regarding the 5G Base 
Stations AAS elements assumptions (sub-array).
Answer: Recommendation ITU-R M.2101-0 is valid model for AAS antennas using a single-element configuration. The model agreed at ITU-R WP5D includes an extension for modelling antennas with sub-array configurations along with the relevant parameters which is available in the draft ECC report “Compatibility between MFCN operating in 3400-3800 MHz and Radio Altimeters (RA) operating in 4200-4400 MHz”. Furthermore, sub-array configurations typically have a pre-set tilt towards the terrestrial users which reduce the impact of grating lobes above the horizon.

o Is the use of AAS antenna models from ITU-R M.2101-0 correct, or should the draft 
measured data being considered at the ITU-R be used?
Answer: Recommendation ITU-R M.2101-0 is still valid for single-element antenna configurations. The extended model with parameters included in the draft ECC Report for sub array configurations is proposed to be used for sharing studies.

o To increase the fidelity and the validation of the ITU-R M.2101-0, what are 
all potential scan angles, especially scan angles above the horizon, when the 
main beam is directed above the horizon?
Answer: The question about beam steering above horizon has been already answered above, where the answer was: “MFCN base stations at 3.4-3.8 GHz are for macro-cell deployments, characterized by antennas at relatively high towers with some downtilt to serve users/UEs, which are usually at an angle below horizon from the base station antenna perspective. A base station will steer the beam towards its UEs and the typical steering range is provided in the MFCN characteristics for sharing and compatibility studies. While MFCN macro base stations at 3.4-3.8 GHz usually have beam steering below horizon, some specific/local deployments may require beam steering above horizon.”

• If operators are going to deploy in compliance with 3GPP specifications, which 
specific parameters are they going to use within that specification? For example, TM1.1 
signals, Cat A or B base stations, etc.
Answer: The specific features would depend on the deployment and implementation. Regarding limits, Category B limits are limits defined and adopted by some countries (see Recommendation ITU-R SM.329) and could be used for compatibility analysis if required for specific deployments. 

o Are any non-3GPP compliant operators expected within the band, and if so, what are 
their system parameters?
Answer: No, the technologies deployed in 3400-3800 MHz are 3GPP specified technologies.

UEs
• What are the maximum spurious emissions in 4.2-4.4 GHz band for UEs? 
Answer: They can be found from Annex 4.4 to Document 5D/716-E, table 1 “IMT-2020 specification related parameters in 470-4 990 MHz“.
	4.4
	Spurious emissions
	Category A: 
See (1), § 6.6.5, Table 6.6.5.2.1-1.
Category B (Note Z):
See (1), § 6.6.5, Table 6.6.5.2.1-2
	See (2), § 6.5.3.1.



• When UEs do operate onboard an aircraft in an accidental manner, what aggregate emissions 
levels can be expected
Answer:  A UE onboard an aircraft operating in an unexpected manner is in idle state, the only transmissions would be short and narrowband burst control signalling related to mobility management but only if it is connected to a base station, which is unlikely.  If such transmissions would happen, they are expected to occur on low frequency bands (than 3.5GHz) with superior coverage range.  The time duration of such mobility management transmissions is on the millisecond level, with seconds to tens of seconds between transmissions.
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