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	SUMMARY

	Concerning the mitigation criteria between aeronautical radio systems and other services, ENRI has been conducting the investigation of the performance of aeronautical radio systems. This study aims to clarify the antenna pattern for onboard radio altimeter to establish the antenna pattern model. We measured the power changing the radiation angle from transmitting antenna. We found the roll radiation pattern was wider than the pitch pattern. Using the measured data, we also established the typical antenna pattern model for further analysis.


1. INTRODUCTION

1.1 In Japan, the frequency assignments within the bands 3.6 – 4.2 GHz and 4.4 – 4.9 GHz for the next-generation mobile communication systems have been studied. The results of experimental investigations on the interference into radio altimeters (RA) in the frequency band 4.2 – 4.4 GHz from LTE-Advanced base stations in the adjacent band have been introduced in last FSMP-WG meeting [1]. These results were including the summary of the investigation report conducted by the Ministry of Internal Affairs and Communications of Japan [2].
1.2 ENRI is studying the performance of Wireless Aircraft Intra-Communications (WAIC) to keep the safety of the flight because the WAIC system will use the same frequency band as the radio altimeters. The antenna pattern of onboard RA is a key factor to estimate the field strength or the received power of interferer. Actually, the last meeting of FSMP also arose the discussion on the antenna patterns of RA.
1.3 The antenna pattern usually measured by the standard test site to know the performance of the antenna gain and beam width. However, the patterns are affected by the aircraft structures installed on the surface of the fuselage. 
1.4 This information paper introduces the result of the in-situ measurement for radiation pattern. And we also discuss and propose the antenna pattern models using measured data.
2. FIELD TEST
2.1 In order to grab the radiation patterns of RA, we measured the emission from the aircraft in the hanger of ENRI in Sendai airport. We used our airplane which equips a radio altimeter as shown in Figure 1. Two antennas are located between the aft landing gears. The front one is for the transmission and the aft one is for the reception. 
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Figure 1. Aircraft under test and location of antennas

2.2 Table 1 shows the instruments for the test. The onboard radio altimeter is an FMCW radar. The radio license of RA is registered as the 100 MHz of bandwidth at 4.3 GHz. The antenna is a microstrip patch-array antenna to reduce and keep the flatness of the aircraft surface. The typical maximum gain of the antenna is about 10 dBi to nadir direction. The polarization of the RA is linear horizontal, perpendicular to heading direction. We measured the emission of the RA by portable spectrum analyzer connected to the dipole antenna via a coaxial cable.
Table 1. Instruments for the measurement
	Instruments 
	Manufacturer
	Type

	Airplane
	Beachcraft
	300

	Radio altimeter 
	Rockwell Collins
	ALT-1000

	Onboard Antenna
	Sensor Systems
	S67-2002

	Spectrum analyzer
	Keysight technologies
	N9918A

	Antenna for measurement
	Antenna technology
	Dipole antenna

	Cable
	Fujikura
	3.5D-SFA


2.3 The reflection from the ground might cause the disturbance of the measured data. Therefore, we put several electromagnetic absorbers underneath the aircraft as shown in Figure 2. The distance between both antennas is 50 cm. We measured the received power changing the radiation angle from the RA antenna.
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Figure 2. Measurement setup of emission from radio altimeter
2.4 A typical measurement result is shown in Figure 3 in case of maximum-hold-detection in order to obtain the envelope of moving frequency. Typical frequency characteristics of FMCW radar was observed. The occupied bandwidth is 100 MHz and the center frequency is 4300 MHz. There is no significant spurious in other frequency bands.
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Figure 3. Frequency spectra of aircraft radio altimeter
2.5 We took these frequency spectra changing the receiving positions. The radiation pattern of RA was obtained by picking up the maximum value from the measured frequency spectrum. The normalized radiation patterns are shown in Figure 4. The blue line shows the pitch-angle patterns and the orange line shows roll angle pattern. The half-power beam width is about 50 degree in pitch and roll angles. The radiation pattern observed the reflection measured at an angle exceeding 70 degrees from nadir to the direction to the nose of aircraft. It seems to come from the front landing gear or other metallic structures existing in the hanger. Wider angular characteristics are obtained in the roll angle patterns. -15 dB of the normalized pattern is observed at 90 degrees of radiation angle. Thus, it means the probability of the reception of the radio wave from the ground station located near the airport might be received.
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Figure 4. Normalized radiation patterns of radio altimeter on B300
3. DISCUSSION

3.1 We discuss the typical antenna pattern model of RA for the mitigation analysis. A service provider for mobile phones proposed antenna pattern as shown in Figure 5. The curve of model is constructed from the envelope of measured data as shown in Figure 4. The lines include the measured data and simplified the value for the calculation. We use the antenna pattern models for various kinds of mitigation analysis such as simulations or theoretical calculations. 
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Figure 5. Normalized antenna pattern models for numerical analysis.
3.2 We also show the value of the model in Table 2. We can calculate the antenna pattern by adding the value of maximum gain to the values shown in the table.
Table 2. Normalized antenna gain of RA
	Angle [degree]
	Pitch pattern [dB]
	Roll pattern [dB]

	-90
	-40
	-15

	-80
	-40
	-13

	-70
	-28
	-11

	-60
	-20
	-9

	-50
	-12
	-7

	-40
	-8
	-5

	-30
	-4
	-3

	-20
	-1.5
	-1

	-10
	-0.5
	-0.5

	0 (nadir)
	0
	0

	10
	-0.5
	-0.5

	20
	-1.5
	-1

	30
	-4
	-3

	40
	-8
	-5

	50
	-12
	-7

	60
	-20
	-9

	70
	-28
	-11

	80
	-40
	-13

	90
	-40
	-15


4. CONCLUSION
4.1 The characteristics of the radiation pattern of onboard RA was measured. The radiation pattern of the roll angle was wider than that of the pitch angle. 

4.2 The antenna pattern models of onboard RA for the analysis are discussed and proposed.
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