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	SUMMARY

	This study aims to investigate an adjacent-band interference characteristic, which is due to an LTE-Advanced base station, in accordance with the RTCA DO-155 for four typical aircraft radio altimeters by assuming helicopter take-off and landing at a heliport. This experiment focuses on the interference which causes receiver front-end overload, i.e., blocking, of radio altimeters. Considering LTE-Advanced base station deployment in an urban area, aggregate interference signal strength produced by multiple base station is calculated, and such interference is considered in the experiment. When the guard band is less than 10 MHz, a pulse radar system is found to be affected by adjacent-band interference, resulting in a maximum altitude error of 4.3% at an altitude of 50 ft. Meanwhile, three frequency modulated continuous wave (FMCW) radar systems examined are found to be unaffected by the adjacent-band interference. The results show that the pulse radar system is more sensitive to the interference and a 60-MHz guard band is required to maintain an altitude error of < 0.5%.


1. INTRODUCTION

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 are being studied. This paper describes results of experimental investigations on the interference into radio altimeters in the frequency band 4.2 – 4.4 GHz from LTE-Advanced base stations in the adjacent band, in response to FSMP Jobcard FSMP.006.01: Develop radio frequency and interference rejection characteristics for radio altimeters. These results are summary of the investigation report conducted by the Ministry of Internal Affairs and Communications of Japan [1].
1.1 Adjacent-band interference into to radio altimeter caused by LTE-Advanced base stations

Medium- and large-sized airplanes and helicopters are equipped with radio altimeters. Helicopters may take off and land not only at airports but also at heliports or temporary landing sites. Heliports are often located on the rooftops of buildings in urban areas. Assuming a scenario where a helicopter takes off and land at such a heliport, the characteristics of four typical aircraft radio altimeters, as used in helicopters, are experimentally investigated with respect to the adjacent-band interference from LTE-Advanced base stations. This experiment focused the interference effect into the radio altimeters in terms of their receiver front-end overload, i.e., blocking.
2. DISCUSSION

2.1 Adjacent-band interference tests into radio altimeters
Four types of aircraft radio altimeters that are subjected to the interference test are listed in Table I. A pulse radar radio altimeter and three frequency modulated continuous wave (FMCW) radio altimeters are evaluated. Nowadays, the FMCW radio altimeters are commonly used in large commercial aircraft. Meanwhile, pulse radar altimeters can still be found in medium-sized aircraft and general aviation aircraft, including helicopters.
Table I. Radio altimeters subjected to interference tests
	No.
	Ranging method
	Manufacturer
	Model
	Transmitting power

	1
	Pulse
	Honeywell
	RT-300
	5 W

	2
	FMCW
	Rockwell Collins
	ALT-50
	210 mW

	3
	FMCW
	Honeywell
	KRA-405
	150 mW

	4
	FMCW
	Honeywell
	KRA-405B
	160 mW


2.2 Measurement setup
Figures 1 and 2 show the measurement setup and an overview of how the interference tests are taken. The measurement system comprises a radio altimeter, altitude meter, digital voltmeter, delay line, and LTE-Advanced signal generator. This setup, with an exception of the LTE-Advanced signal generator, is based on that defined in the RTCA DO-155, which defines the minimum performance standards for airborne low-range radar altimeters and which specifies the requirements of aircraft radio altimeters. The signal transmitted by the radio altimeter is fed into the attitude setting delay line and the external loop loss by setting a variable attenuator. Then, the transmitted signal is combined with the LTE-Advanced signal using a directional coupler. The measured altitude output voltage from the aircraft radio altimeter is monitored and recorded using the analog meter and the digital voltmeter, respectively. Finally, the recorded output voltage of the radio altimeter is converted to an altitude. Note that the measurement accuracy achievable in this setup is assumed to be 0.5%, as obtained from the 95% confidence interval of the measured results.
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Figure 1. Measurement setup of interference tests for an aircraft radio altimeter
[image: image2.emf]Digital voltmeter

Aircraft radio 

altimeter

Altitude setting 

delay line

Directional 

coupler

Variable attenuator

Distribution board of 

radio altimeter signal

Power supply


Figure 2. Overview of interference test for an aircraft radio altimeter
2.3 Measurement altitude
Aircraft radio altimeters are typically used during take-offs and landings according to instrument flight rules. Radio altimeter may be affected by the adjacent-band interference due to LTE-Advanced base station when the base station and aircraft are in close proximity. Therefore, the interference measurements are conducted at an altitude between 50 and 1,500 ft. The measured altitudes are 50, 100, 500, 1000, and 1500 ft, respectively. The delay and external loop loss are determined, as described in the RTCA DO-155.
2.4 Aggregate interference signal produced by multiple LTE-Advanced base stations
Assuming a scenario where a helicopter takes off and lands at a heliport, the aggregated interference signal strength is calculated based on the LTE-Advanced base station deployment model shown in Fig. 3. This is a combination of an ultra-high-density area and a high-density area at the center of a metropolis such as central Tokyo. The heliport is located at the center of the ultra-high-density area with a size of 1 km2. This area is covered by small-cell base stations at a rate of 100 stations/km2. Additionally, the ultra-high-density area is surrounded by a high-density area. Within the high-density area, the base stations are installed at a rate of 300 stations/100 km2. This area is thus covered by 90% small-area base stations and 10% macro-cell base stations. The LTE-Advanced base station parameters are listed in Table II.
The aggregate interference signal obtained by the multiple LTE-Advanced base stations are calculated assuming radio altimeter antenna coverage of 170° at each altitude. The plot in the Fig. 4 shows the calculated aggregate interference signal strength in dBm/MHz, as irradiated from the LTE-Advanced base stations. Based on this calculation, the aggregate interference signal strength in the solid line is used for the experimental investigation.
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Figure 3. LTE-Advanced base station deployment model

Table II. LTE-Advanced base station parameters
	Parameters
	Macro-cell base station
	Small-cell base station

	Transmission power
	36.5 dBm/MHz
	20 dBm/MHz

	Antenna height
	40 m
	10 m

	Maximum antenna gain
	17 dBi
	5 dBi

	Antenna pattern
	Sector antenna
	Omni antenna


[image: image4.emf]Altitude (feet)

Aggregate Interference 

signal strength 

(

dBm/MHz)


Figure 4. Aggregate interference signal strength produced by multiple LTE-Advanced base stations

2.5 LTE-Advanced signal for adjacent-band interference measurement

Table III lists the parameters for the LTE-Advanced signal for the interference measurements. Additionally, Fig. 5 shows the assumed frequency allocation of the LTE-Advanced signal. The bandwidth of the LTE-Advanced signal is 40 MHz, while that of the guard band varies between 10 and 120 MHz. The interference is injected by assuming one of the two scenarios. First is single-sideband injection, where the LTE-Advanced signal is injected into either the lower or higher sideband of the radio altimeter signal. Second is double-sideband injection, which assumes that the LTE-Advanced signal is located on both sides of the radio altimeter signal. In this case, the LTE-Advanced signal is not actually located on both sides of the radio altimeter signal but rather increases the lower or higher LTE-Advanced signal power by 3 dB.
Table III. Parameters of LTE-Advanced signal

	Bandwidth
	40 MHz

(20 MHz bandwidth  2 channels)

	Modulations
	E-TM3.1 64QAM

	Transmission power
	Based on Figure 4
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Figure 5. Assumed frequency allocation of LTE-Advanced signal
2.6 Results obtained for pulse altimeter
The measured spectrum for the RT-300 radio altimeter transmission signal and LTE-Advanced signal, after being combined by the directional coupler, is shown in Fig. 6. In this figure, the guard band is 20 MHz. In addition, Fig. 7 shows the typical measured maximum altitude error, which is obtained at 50 ft. The blue and red rectangles indicate the maximum altitude error as measured with the lower single sideband and higher single-sideband injection scenarios, respectively. The blue and red triangles show the measured maximum altitude error obtained with the double-sideband injection scenario. As mentioned in the previous section, the double-sideband injection scenario does not actually involve actual injection into both sidebands but rather an increase in the LTE-Advanced power by 3 dB on one sideband. Because of this, the double-sideband injection scenario results in lower and higher single-sideband injections. Table IV summarizes the measured adjacent-band interference results obtained with the RT-300 radio altimeter at different altitudes. The worst-case interference is observed at 50 ft with double-sideband injection (lower side). The maximum measured altitude error is 4.3%. Since the interference signal power decreases as the altitude increases, the maximum altitude error is smaller at high altitudes.
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Figure 6. Measured spectrum for RT-300 radio altimeter transmission signal and LTE-Advanced signal
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Figure 7. Typical maximum measured altitude error of RT-300. (Measurement altitude: 50 ft)

Table IV. Measured results for RT-300 radio altimeter
	Altitude (ft)
	Maximum altitude error (%)

	2.7 
	Single-sideband injection
	Double-sideband injection

	
	Lower side
	Upper side
	Lower side
	Upper side

	50
	1.0
	0.0
	4.3
	0.2

	100
	0.2
	0.2
	1.2
	0.2

	500
	0.4
	0.1
	1.3
	0.2

	1000
	0.2
	0.1
	0.6
	0.1

	1500
	0.0
	0.1
	0.4
	0.1


2.8 Measured results for FMCW altimeters
The results obtained for the three types of FMCW radar altimeters are discussed in this section. Figure 8 shows the ALT-50 radio altimeter transmission signal and LTE-Advanced signal. In addition, the typical maximum measured altitude error for the ALT-50, at an altitude of 50 ft, is shown in Fig. 9.
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Figure 8. Measured spectrum for ALT-50 radio altimeter transmission signal and LTE-Advanced signal
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Figure 9. Typical maximum measured altitude error for ALT-50. (Measurement altitude: 50 ft)

Tables V, VI, and VII summarize the measured results obtained with the ALT-50, KR-405, and KR-405B radio altimeters, respectively. Since the accuracy of achievable measurement setup is 0.5%, all maximum measurement errors for respective radio altimeters are less than the measurement error. Therefore, interference caused by the LTE-Advanced signal is not considered to be observed for any of the three types of FMCW altimeter.
Table V. Measured results obtained for ALT-50 radio altimeter

	Altitude (ft)
	Maximum altitude error (%)

	2.9 
	Single-sideband injection
	Double-sideband injection

	
	Lower side
	Upper side
	Lower side
	Upper side

	50
	0.1
	0.1
	0.2
	0.2

	100
	0.2
	0.2
	0.1
	0.1

	500
	0.2
	0.2
	0.1
	0.1

	1000
	0.1
	0.1
	0.0
	0.0

	1500
	0.1
	0.0
	0.0
	0.1


Table VI. Measured results obtained for KR-405 radio altimeter

	Altitude (ft)
	Maximum altitude error (%)

	2.10 
	Single-sideband injection
	Double-sideband injection

	
	Lower side
	Upper side
	Lower side
	Upper side

	50
	0.1
	0.0
	0.0
	0.0

	100
	0.1
	0.1
	0.1
	0.1

	500
	0.2
	0.1
	0.1
	0.1

	1000
	0.1
	0.2
	0.0
	0.1

	1500
	0.2
	0.2
	0.2
	0.1


Table VII. Measured results obtained for KR-405B radio altimeter

	Altitude (ft)
	Maximum altitude error (%)

	2.11 
	Single-sideband injection
	Double-sideband injection

	
	Lower side
	Upper side
	Lower side
	Upper side

	50
	0.0
	0.0
	0.2
	0.2

	100
	0.0
	0.0
	0.0
	0.0

	500
	0.0
	0.0
	0.1
	0.1

	1000
	0.0
	0.0
	0.0
	0.0

	1500
	0.0
	0.0
	0.0
	0.0


3. CONCLUSION
The characteristics of the adjacent-band interference caused by an LTE-Advanced base station for four typical types of aircraft radio altimeters, currently used in helicopters, were experimentally investigated. This investigation focused on the interference effect into the radio altimeters in terms of their receiver front-end overload, i.e., blocking. A pulse radar system was found to be affected by the interference such that the maximum measured altitude error was 4.3% when the guard band is less than 10 MHz. Meanwhile, the three types of FMCW radar system were found to be unaffected by the interference under the same condition. Table VIII lists the required guard band in accordance with the allowed maximum tolerant error. For pulse radar systems, the required guard band is 60 MHz when the tolerance error is < 0.5%. In addition, if the tolerance errors of less than 1 % and 2 % are allowed, it requires 50 MHz and 30 MHz guard band, respectively.
Table VIII. Guard bands required to attain allowable maximum tolerance error
	
	Required guard band (MHz)

	Allowable maximum tolerance error (%)
	Pulse radio altimeter
	FMCW radio altimeter

	< 0.5
	60
	< 10

	1
	50
	< 10

	2
	30
	< 10

	3
	20
	< 10
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