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	SUMMARY

	The interference path loss (IPL) from radio altimeters of medium-sized fixed-wing aircraft, including the adjacent 5G mobile communication band, has been measured and evaluated. These measurements are conducted in accordance with the RTCA DO-307B procedures. Assuming the 5G mobile commutation devices and the Wireless Avionics Intra-Communication devices, the transmitting antenna is located inside the aircraft cabin. The minimum IPL values of the Bombardier DHC8-Q400 and the Embraer E170 are 68.7 and 71.0 dB, respectively. These values are comparable to previously reported radio altimeter IPL values for fixed-wing aircraft with pressurized structures. 


1. INTRODUCTION

This paper discusses the interference path loss (IPL) measurement of radio altimeters in fixed-wing aircraft, considering the adjacent 5G mobile communication band. Firstly, we discuss an overview of the aircraft selected for the radio altimeter IPL measurement. Subsequently, the measurement setup and conditions are presented, assuming that the transmitting antenna is located inside the cabin. The radio altimeter IPL values are then calculated from the obtained measurement results. Furthermore, the IPL characteristics are compared with those previously reported for larger and medium-sized fixed-wing aircraft and helicopter [1]-[3].
2. DISCUSSION

Aircraft under measurement

The IPL for radio altimeters has been evaluated using two fixed-wing aircraft: the Bombardier DHC8-Q400 and the Embraer E170. Evaluating the IPL characteristics is pivotal to assess interference scenarios with WAIC devices (co-channel interference) and sub-6 5G mobile communication devices (adjacent channel interference). Figure 1 shows an overview of the Bombardier DHC8-Q400. The length and the wingspan are 32.8 m and 28.4 m, respectively. The DHC8-Q400 is equipped with two radio altimeters to measure the distance between the aircraft and the ground. Figure 2 shows the location of the radio altimeter antennas in the aircraft. Separate sets of transmitting and receiving antennas are mounted on the bottom of the aircraft's front section.
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Figure 1. Bombardier DHC8-Q400 aircraft, asessed for radio altimeter interference path loss measurement. 
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Figure 2. Overview of the radio altimeter antennas in the DHC8-Q400. The transmitting and receiving antennas are located on the bottom of the fuselage. 
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Figure 3. Embraer E170 aircraft, assessed for radio altimeter interference path loss measurement. 
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Figure 4. Overview of the radio altimeter antennas installed in the Embraer E170. The transmitting and receiving antennas are located on the bottom of the fuselage.
Figure 3 shows an overview of the Embraer E170. The length and the wingspan are 29.9 m and 26.0 m, respectively.. The Embraer E170 is equipped with two radio altimeters. Figure 4 shows the location of the radio altimeter antennas in the aircraft. The two sets of transmitting and receiving antennas are installed on the bottom of the rear section of the fuselage.
Table I. Measurement parameters

	Frequency
	3.5–4.7 GHz (801 points)

	Transmitting antenna
	Standard dipole antenna (/2 at 4,300 MHz)

	Transmitting antenna polarization
	Three orthogonal axes

	Measurement dynamic range
	Approximately 120 dB

	Number of transmitting antenna locations
	37 (Bombardier DHC8-Q400)

43 (Embraer E170)


Measurement setup

The IPL for radio altimeters is measured considering potential interference sources, specifically the sub-6 5G mobile communication and WAIC devices. Measurements are performed in accordance with the RTCA DO-307B standards [4]. Table I presents a summary of the IPL measurement parameters. The assessed frequency range includes 3.5–4.7 GHz, encompassing the radio altimeter operation (4.2–4.4 GHz), WAIC frequency (4.2–4.4 GHz), and sub-6 5G mobile communication bands used in Japan (3.5–4.1 GHz and 4.5–4.7 GHz). Additionally, the frequency points are distributed equally across 801 intervals. The transmitting antenna utilized is a half-wavelength standard dipole antenna, whose polarization varies across three orthogonal axes. 

Figure 5 presents a block diagram of the radio altimeter IPL measurement setup. The computer directs the signal generator (Rohde&Schwarz SMA100B) and spectrum analyzers (Keysight Technologies N9918B) to change the frequency and gather data from the spectrum analyzer. Utilization of two spectrum analyzers enables the simultaneous measurement of IPL values for RA No. 1 and RA No. 2. The signal generator emits a CW signal, and the spectrum analyzer operates in zero span mode. The measurement dynamic range is approximately 120 dB. IPL values denote the path loss between the input power of the transmitting antenna and receiving power at the avionics receiving port. Notably, the return loss of the transmitting antenna and total cable loss are calibrated during the IPL calculation. 
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Figure 5. Block diagram of the radio altimeter interference path loss measurement. 
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Figure 6. Location of the transmitting antenna for the radio altimeter interference path loss measurements of DHC8-Q400. (For seat map reference, see [5]) 
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Figure 7. Location of the transmitting antenna for the radio altimeter interference path loss measurements of E170. (For seat map reference, see [6]) )
Figure 6 shows the location of the transmitting antenna for the IPL measurements of the DHC8-Q400. Inside the cabin, there are 37 transmitting antenna locations. Common locations for these antennas include every window, the cockpit, and the rear door. In this setup, the transmitting antenna assumes the 5G mobile communication and WAIC devices. All cabin doors and cockpit windows are examined. As shown in Figure 2, the radio altimeter antennas are centrally located on the fuselage. Therefore, only the left side cabin windows are measured. The transmitting antenna is positioned at the center of a window or door, approximately 10 cm from its surface. 

Figure 7 depicts the location of the transmitting antenna for IPL measurements of the E170. The cabin contains 43 transmitting antenna locations. As indicated in Figure 4, the radio altimeter antennas are not located centrally on the fuselage: antennas for RA No. 1 lean to the left, while those for RA No. 2 lean to the right. Therefore, both sides of the cabin windows are assessed. 

Measurement results

Table II summarizes the minimum and median IPL values for the DHC8-Q400. Each transmitting location contains 26,433 data points (frequency domain 801 points × time domain in zero spans 11 points × antenna orientation 3 points). Notably, the IPL characteristics demonstrated no significant difference between RA No. 1 and RA No. 2. For RA No. 1, 10 antenna locations (27%) displayed values exceeding 80 dB, while 36 antenna locations (97%) surpassed 70 dB. For RA No. 2, 8 antenna locations (22%) exceeded 80 dB, and 36 antenna locations (95%) surpassed 70 dB. As highlighted in Table II, the minimum IPL decreased in the middle section of the fuselage. Near the cockpit, the minimum IPL hovered around 90 dB. While the radio altimeter antennas are in close proximity to locations E (1st window), F (2nd window), G (3rd window), and H (4th window), the IPL values at these points remained relatively high, ranging between 77 and 79 dB. The minimum IPLs for RA No. 1 and RA No. 2, recorded at 69.2 and 68.7 dB, are observed at locations P (11th window) and O (12th window), respectively. This pattern could be attributed to multiple reflections from engine cowls or the main landing gears adjacent to locations P and O. As the transmitting antenna shifts toward the aircraft’s rear, the IPL decreases. By the end of the fuselage, locations AH (rear door, left side), AI (end of the aisle), and AJ (rear door, right side) measured IPL values between 83 dB and 85 dB.
Table III summarizes the minimum and median IPL values for the E170. Analogous to the DHC8-Q400, no significant IPL characteristic differences exist between RA No. 1 and RA No. 2. For RA No. 1, 39 antenna locations (91%) exceeded 80 dB and all 43 antenna locations (100%) surpassed 70 dB. Meanwhile, for RA No. 2, 42 antenna locations (98%) surpassed 80 dB and all 43 antenna locations (100%) exceeded 70 dB. The minimum IPL decreases as the transmitting antenna moves rearward. In the cockpit region, the minimum IPL values fall between 86 and 93 dB. The lowest IPLs for RA No. 1 and RA No. 2, at 71.0 and 79.0 dB are observed at location U (17th window, left side) and location AO (18th window, right side), respectively. These locations represent the closest distances between the transmitting antennas inside the cabin and receiving antennas of each RA.

Figure 8 presents the probability distribution of the measured IPL values for the DHC8-Q400 based on all 978,021 measurement data points. Similarly, Figure 9 displays the probability distribution of measured IPL values associated with the transmitting antenna, derived from 1,137,049 data points. A comparison of the IPL characteristics revealed a difference of approximately 10 dB in the median values. The median IPL for the DHC8-Q400 stood at approximately 90 dB, whereas the E170 exhibited a median IPL of approximately 100 dB. Variations in these IPL characteristics might result from the placement of the radio altimeter antenna and presence of reflective objects, such as the engine cowl. 

Prior reports [1]-[3] have documented the minimum IPL values for other aircraft. Specifically, the Airbus A321, Beechcraft B300 (King Air 350), and Kawasaki BK117C-2 have minimum IPL values of 74.4, 72.8, and 49.2 dB, respectively. When compared against these figures, the minimum IPL of 68.7 (DHC8-Q400) and 71.0 dB (E170) are reasonable considering the pressurized aircraft structures and non-line-of-sight conditions. Notably, the lower IPL value of the Kawasaki BK117C-2 helicopter (approximately 20 dB) can largely be attributed to the closer, line-of-sight proximity between  transmitting antenna and radio altimeter receiving antenna. Additionally, the non-pressurized structure of helicopter might influence its IPL characteristics.

Table II. Measured minimum and median interference path loss values for DHC8-Q400

	No.
	Transmitting antenna location
	RA No.1 Minimum (dB)
	RA No.1 

Median (dB)
	RA No.2

Minimum (dB)
	RA No.2

Median (dB)

	A
	Cockpit (center)
	88.1
	102.7
	89.7
	103.0

	B
	Cockpit (left seat)
	92.6
	104.8
	93.7
	105.8

	C
	Cockpit (right seat)
	92.5
	105.0
	93.7
	106.1

	D
	Front door (left side)
	81.1
	95.6
	84.4
	96.2

	E
	1st window (left side)
	79.0
	91.7
	78.8
	93.1

	F
	2nd window (left side)
	79.8
	91.5
	79.3
	92.3

	G
	3rd window (left side)
	78.6
	91.3
	78.0
	90.5

	H
	4th window (left side)
	77.7
	91.1
	78.7
	89.7

	I
	5th window (left side)
	77.4
	89.8
	77.2
	89.4

	J
	6th window (left side)
	75.3
	89.2
	74.1
	88.2

	K
	7th window (left side)
	77.9
	89.3
	74.2
	87.3

	L
	8th window (left side)
	75.5
	88.9
	74.7
	87.3

	M
	9th window (left side)
	72.8
	88.1
	75.0
	85.8

	N
	10th window (left side)
	73.9
	88.9
	71.3
	85.0

	O
	11th window (left side)
	74.2
	86.8
	68.7
	82.8

	P
	12th window (left side)
	69.2
	84.1
	69.0
	81.9

	Q
	13th window (left side)
	70.0
	82.5
	73.6
	84.2

	R
	14th window (left side)
	73.4
	85.9
	71.7
	84.3

	S
	16th window (left side)
	76.2
	88.6
	70.7
	84.1

	T
	17th window (left side)
	74.4
	86.0
	72.5
	83.9

	U
	18th window (left side)
	74.6
	87.0
	72.1
	84.4

	V
	19th window (left side)
	76.7
	85.7
	73.8
	86.0

	W
	20th window (left side)
	77.5
	90.4
	76.0
	86.5

	X
	21th window (left side)
	74.6
	89.1
	76.0
	87.4

	Y
	22th window (left side)
	78.2
	89.3
	75.1
	87.4

	Z
	23th window (left side)
	78.8
	90.3
	76.0
	87.6

	AA
	24th window (left side)
	78.9
	90.3
	73.6
	86.9

	AB
	25th window (left side)
	79.1
	91.2
	74.2
	86.1

	AC
	26th window (left side)
	78.6
	90.0
	77.3
	88.0

	AD
	27th window (left side)
	76.4
	90.8
	79.4
	89.0

	AE
	27th window (left side)
	76.9
	91.1
	78.8
	90.0

	AF
	28th window (left side)
	80.3
	92.0
	78.4
	92.1

	AG
	29th window (left side)
	81.0
	92.7
	79.2
	91.7

	AH
	Rear door (left side)
	84.4
	97.2
	83.7
	94.9

	AI
	End of aisle
	82.9
	98.4
	84.8
	96.5

	AJ
	29th window (right side)
	83.5
	95.3
	80.8
	93.4

	AK
	Rear door (right side)
	84.9
	97.4
	85.3
	96.5

	
	Total
	69.2
	91.0
	68.7
	89.5


Table III. Measured minimum and median interference path loss values for E170

	No.
	Transmitting antenna location
	RA No.1 Minimum (dB)
	RA No.1 

Median (dB)
	RA No.2

Minimum (dB)
	RA No.2

Median (dB)

	A
	Cockpit (center)
	93.5
	108.1
	91.7
	109.9

	B
	Cockpit (left seat)
	86.7
	105.1
	90.1
	108.1

	C
	Cockpit (right seat)
	93.6
	109.2
	89.7
	110.3

	D
	Front door (left side)
	91.4
	107.2
	95.0
	108.9

	E
	1st window (left side)
	81.7
	101.0
	88.0
	104.6

	F
	2nd window (left side)
	86.0
	101.6
	88.9
	103.9

	G
	3rd window (left side)
	84.8
	100.7
	88.1
	103.1

	H
	4th window (left side)
	86.5
	99.9
	90.3
	102.0

	I
	5th window (left side)
	85.1
	99.0
	87.4
	102.4

	J
	6th window (left side)
	81.9
	101.4
	85.5
	103.5

	K
	7th window (left side)
	85.2
	102.0
	89.2
	104.9

	L
	8th window (left side)
	84.1
	103.9
	89.9
	106.0

	M
	9th window (left side)
	86.3
	102.7
	89.0
	105.2

	N
	10th window (left side)
	85.1
	100.5
	89.5
	102.1

	O
	11th window (left side)
	82.2
	96.3
	85.5
	98.5

	P
	12th window (left side)
	81.8
	93.6
	84.6
	96.4

	Q
	13th window (left side)
	82.3
	93.4
	86.2
	97.2

	R
	14th window (left side)
	80.9
	94.5
	84.4
	96.1

	S
	15th window (left side)
	80.2
	93.8
	82.8
	96.2

	T
	16th window (left side)
	77.0
	92.5
	83.0
	94.3

	U
	17th window (left side)
	71.0
	91.6
	81.2
	94.7

	V
	18th window (left side)
	79.0
	91.2
	80.0
	94.1

	W
	Rear door (left side)
	85.6
	98.5
	88.2
	99.6

	X
	1st window (right side)
	92.2
	107.1
	90.4
	106.2

	Y
	2nd window (right side)
	93.0
	106.7
	88.8
	105.9

	Z
	3rd window (right side)
	90.1
	104.9
	86.7
	105.2

	AA
	4th window (right side)
	91.0
	104.8
	86.8
	103.7

	AB
	5th window (right side)
	91.3
	104.3
	89.7
	103.4

	AC
	6th window (right side)
	88.7
	103.4
	88.0
	103.7

	AD
	7th window (right side)
	92.5
	105.6
	89.2
	105.9

	AE
	8th window (right side)
	90.2
	105.2
	90.5
	105.2

	AF
	9th window (right side)
	89.4
	105.8
	90.3
	104.2

	AG
	10th window (right side)
	91.0
	103.3
	88.7
	102.0

	AH
	11th window (right side)
	90.4
	100.9
	85.6
	99.3

	AI
	12th window (right side)
	82.7
	97.0
	81.7
	96.4

	AJ
	13th window (right side)
	82.9
	96.9
	83.8
	95.8

	AK
	14th window (right side)
	85.3
	97.3
	85.5
	96.7

	AL
	15th window (right side)
	82.6
	95.9
	82.7
	94.7

	AM
	16th window (right side)
	80.9
	94.4
	81.7
	92.8

	AN
	17th window (right side)
	76.8
	93.9
	81.9
	92.9

	AO
	18th window (right side)
	82.8
	94.3
	79.0
	91.1

	AP
	Rear door (right side)
	85.2
	97.8
	84.6
	96.0

	AQ
	End of aisle 
	86.7
	100.0
	87.8
	99.4

	
	Total
	71.0
	100.5
	79.0
	101.2
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Figure 8. Probability distribution of measured interference path loss values for DHC8-Q400.
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Figure 9. Probability distribution of measured interference path loss values for E170.

3. CONCLUSION

The IPL values of the radio altimeters in two fixed-wing aircraft, Bombardier DHC8-Q400 and Embraer E170, were evaluated at the radio altimeter and adjacent 5G mobile communication bands. This study provided an overview of the aircraft and discussed the measurement conditions. Based on the collected data, IPL characteristics were analyzed. The minimum IPL values recorded for the DHC8-Q400 and Embraer E170 were 68.7 dB and 71.0 dB, respectively. These results are consistent with previously reported radio altimeter IPL values for fixed-wing aircraft with pressurized structure. 
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