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	SUMMARY

	A methodology for the analysis of radio-altimeter interference due to fifth-generation (5G) mobile-communication systems is investigated. This slide discusses progress, particularly with respect to the analysis results of in-band interference characteristics. The measured electromagnetic-interference characteristics of radio altimeters (FMSP-WG15-IP03) and a detailed airport model are used to estimate the interference conditions in three-dimensional (3D) space. Using an airport model, interference margins during the installation of 5G base-station antennas at hypothetical locations are calculated. Interference margins are calculated for different parameters of the radio-altimeter usage category and base station (BS) antenna-installation conditions. It is confirmed that the interference margin reaches its minimum value at different locations, depending on the analysis conditions. Flight and ground experiments will be carried out for signal-strength measurements from Sub-6 5G base stations around the airport.
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1. Summary

A methodology for the analysis of radio-altimeter interference due to fifth-generation (5G) mobile-communication systems is investigated.

This slide discusses progress, particularly with respect to the analysis results of in-band interference characteristics.

The measured electromagnetic-interference characteristics of radio altimeters (FMSP-WG15-IP03) and a detailed airport model are used to estimate the interference conditions in three-dimensional (3D) space.

Using an airport model, interference margins during the installation of 5G base-station antennas at hypothetical locations are calculated. 

Interference margins are calculated for different parameters of the radio-altimeter usage category and base station (BS) antenna-installation conditions.

It is confirmed that the interference margin reaches its minimum value at different locations, depending on the analysis conditions.

Flight and ground experiments will be carried out for signal-strength measurements from Sub-6 5G base stations around the airport.
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2. Analysis conditions

Aircraft radio altimeter

The interference tolerance mask (ITM) for the analysis is calculated based on the measured electromagnetic-interference characteristics of 12 radio altimeters for large, fixed-wing aircraft (Category 1 RAs) and 8 radio altimeters for medium/small fixed-wing aircraft and helicopters (Category 2 and 3 RAs) (reported in FMSP-WG15-IP03). 

A measured ITM of 4.2–4.4 GHz (the in-band ITM of radio altimeters) is used for the analysis.

A 6-dB ICAO safety margin and the radio-altimeter antenna-radiation pattern (not considering the pitch/roll of the aircraft) are used.

5G base station

The maximum radiation pattern of ITU-R M.2101, 16 x 16 AAS model, is used.

The  out-of-band emission used is -39 dBm/MHz.

Airport model

The 3D model used is based on information obtained from the Geospatial Information Authority of Japan.
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Origin: (d, x, h) = (0 ,0, 0)



Location of base-station antenna: (d, x, h) = (-230, 830, 30)

x

d

2-1. Example of an airport in Japan
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Location of the base station antenna: 

(d, x, h) = (-230,830,30) 
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2-2. Analysis space

The analysis is performed over the entire space within the OCS volume using a 5 m mesh. The maximum analysis altitude is 1500 m.





3. Analysis results: 1

To explain this method of analysis, we described the two-dimensional (2D) interference tolerance mask (ITM) characteristics of the radio altimeter and the power flux density (PFD) distribution from the 5G mobile-system base station separately.

The interference margin was calculated from the difference between ITM and PFD values.

A 3D analysis is performed; the results of the calculation for each of the three axes are explained on three separate slides.

The analysis was performed over the entire OCS volume; however, the figure only shows the area around the base-station antenna where the minimum interference margin was obtained.

To simplify the explanation, we only show calculation results for the following combinations.

Radio altimeters: Category 1 RAs

5G base-station antenna down tilt: no mechanical down tilt 











3-1. Interference-margin analysis results on xd-plane (h position: 300 m, RA: Category 1, BS antenna: no mechanical down tilt)
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The interference margin analysis results show the value on the xd-plane at height h = 300 m, where the lowest interference margin is observed.



Minimum interference margin = -4.4 dB

(d = -230 m, x = 140 m, h = 300 m )











3-2. Interference margin analysis results on dh-plane (x position: 140 m, RA: Category 1, BS antenna: no mechanical down tilt)
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The interference-margin analysis results show the value on the dh-plane at x = 140 m, where the lowest interference margin is observed.



Minimum interference margin = -4.4 dB

(d = -230 m, x = 140 m, h = 300 m )
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3-3. Interference-margin analysis results on hx-plane (d position: -230 m, RA: Category 1, BS antenna: no mechanical down tilt)
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Minimum interference margin = -4.4 dB

(d = -230 m, x = 140 m, h = 300 m )

The interference-margin analysis results show the value on the xh-plane at d = 230 m, where the lowest interference margin is observed.

Interference-tolerance mask (ITM) of Category 1 RA

Power-flux density (PFD) of base station signal

(dB)
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4. Analysis results: 2

The previous slide explained the analysis model by showing the analysis results on three axes with one analysis condition.

This example shows the analysis results for different radio altimeter categories and antenna-installation conditions.

The following two combinations of radio altimeters and 5G base-station antenna conditions are shown below, for a total of four analysis results.

Radio altimeters: Category 1, 2, and 3 RAs

5G base station antenna down tilt: no mechanical down tilt, mechanical down tilt -20 degrees below the horizon





4-1. Interference-margin analysis results on dh-plane (x position: 140 m, RA: Category 1, BS antenna: no mechanical down tilt)





Minimum interference margin: -4.4 dB

(d = -230 m, x = 140 m, h = 300 m )







(d, x) = (0, 0)

(d, x) = (-230, 140)

(d, x) = (-230, 830)

The minimum interference margin is obtained at the edge of the analysis space (x = 140 m) and in the same d position (d = -230 m) as the base-station antenna.
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4-2. Interference-margin analysis results on dh-plane (x position: 140 m, RA: Category 1, BS antenna: mechanical down tilt -10° below horizon)





Minimum interference margin: 7.8 dB

(d = -230 m, x = 140 m, h = 690 m )
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The minimum interference margin is obtained at the edge of the analysis space (x = 140 m) and in the same d position (d = -230 m) as the base-station antenna. However, the altitude for minimum interference margin is different from 4-1.
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4-3. Interference-margin analysis results on dh-plane (x position: 140 m, RA: Category 2 and 3, BS antenna: no mechanical down tilt)





Minimum interference margin: -16.8 dB

(d = -230 m, x = 140 m, h = 600 m )
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4-4. Interference-margin analysis results on dh-plane (x position: 140 m, RA: Category 2 and 3, BS antenna: mechanical down tilt -10°below horizon)
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Minimum interference margin: -7.9 dB

(d = -230 m, x = 140 m, h = 675 m )

(dB)
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