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	SUMMARY

	This paper introduces testing of radio altimeter susceptibility to emissions outside, but in proximity to, the 4 200 – 4 400 MHz frequency band. A description of the experimental setup is presented along with examples of data obtained from preliminary testing. The paper concludes with a status of this testing.  The paper does not recommend conclusions concerning the general susceptibility of radio altimeters to out of band interference as the data acquired to data is insufficient to support such conclusions.


1. INTRODUCTION

1.1 Testing is currently being performed by the Aerospace Vehicle Systems Institute (AVSI) pursuant to FSMP Job Card FSMP.006.01. As the Working Group has raised discussions concerning the susceptibility of radio altimeters to emissions from systems operating outside the 4 200 – 4 400 MHz frequency band, this paper will describe testing aimed at characterizing the behaviour of RAs under representative out of band (OOB) interference. As this testing is on-going, only preliminary results are available to share with the meeting and general conclusions on RA susceptibility will be available only after completion of all planned tests.
2. DISCUSSION

2.1 Description of Test Procedure

The test procedure employed is derived from that used to test susceptibility of RAs to in-band emissions from candidate WAIC signals. The experimental setup is illustrated in Figure 1 below and was previously described in detail in FSMP-WG06-WP22.
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Figure 1: Radio Altimeter Out of Band Interference Test Setup
While the experimental setup is the same, the RF characteristics of the representative OOB interference signals are different. In all tests, the interference signal is an OFDM signal generated by a vector signal generator (VSG), as this is representative of widely used radiocommunications systems waveforms. These tests first consider the OOB interference from a single 5 MHz OFDM interference signal centered at increasing frequency separation from the lower and upper edges of the 4 200 – 4 400 MHz frequency band as illustrated in Figures 2 and 3 and summarized in Table 1.
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Figure 2: Low Side Interference Waveform Frequencies

[image: image3.emf]BWint

FrequenCY fclO fch fc13 fCM
fc]l

4400 MHz

fcls

N\

fclé

NN

17

N\

fcl7

fcls










10

f

c10

f

c11

11

12

f

c12

13

f

c13

14

f

c14

15

f

c15

BW

int

4400 MHz

Frequency

16

f

c16

17

f

c17

18

f

c18


Figure 3: High Side Interference Waveform Frequencies

Table 1: Interference Signals (5 MHz wide OFDM signal)

	Signal
	Distance From Band  Edge (4200 MHz)
	Center Frequency
	
	Signal
	Distance From Band  Edge (4400 MHz)
	Center Frequency

	1
	0 MHz
	4197.5 MHz
	
	10
	0 MHz
	4402.5 MHz

	2
	2.5 MHz
	4195.0 MHz
	
	11
	2.5 MHz
	4405.0 MHz

	3
	5 MHz
	4192.5 MHz
	
	12
	5 MHz
	4407.5 MHz

	4
	10 MHz
	4187.5 MHz
	
	13
	10 MHz
	4412.5 MHz

	5
	20 MHz
	4177.5 MHz
	
	14
	20 MHz
	4422.5 MHz

	6
	40 MHz
	4157.5 MHz
	
	15
	40 MHz
	4442.5 MHz

	7
	80 MHz
	4117.5 MHz
	
	16
	80 MHz
	4482.5 MHz

	8
	160 MHz
	4037.5 MHz
	
	17
	160 MHz
	4562.5 MHz

	9
	320 MHz
	3877.5 MHz
	
	18
	320 MHz
	4722.5 MHz


These tests next consider the OOB interference from wider band interference signals occupying increasing frequency bandwidth adjacent to the lower and upper edges of the 4 200 – 4 400 frequency band as illustrated in Figure 4 and summarized in Table 2.
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Figure 4: Bandwith Measurement Signals

Table 2: Bandwidth Measurement Signals

	Width
	Signal Bandwidths
	Center Frequencies

	1
	5 MHz
	4197.5 MHz

	2
	10 MHz
	4195 MHz

	3
	20 MHz
	4190 MHz

	4
	40 MHz
	4180 MHz

	5
	80 MHz
	4160 MHz

	6
	5 MHz
	4402.5 MHz

	7
	10 MHz
	4405 MHz

	8
	20 MHz
	4410 MHz

	9
	40 MHz
	4420 MHz

	10
	80 MHz
	4440 MHz


In both cases, the testing consists of increasing the power of the interference signal output by the VSG such that the power incident on the receiver input of the RA under test varies between -92 dBm and -12 dBm in 5 dBm steps. While the power is being swept, the RA under test is operating at a selected altitude using an altitude simulator based on optical delay lines and attenuators adjusted to reflect RA signal characteristics specified by the RTCA DO-155. The altitude reported by the RA through its ARINC 429 output is continuously monitored throughout the power sweep. The onset of interference is considered to be the power at which the reported altitude exceeds the nominal altitude by 0.5%. 

These initial tests are intended to isolate the effect of OOB interference on RA operation. Additional tests are underway to characterize these effects in the presence of an aggregate interference scenario comprised of the VSG-generated OOB interference signal and up to 16 additional FMCW signals in the 4 200 – 4 400 frequency band. These additional tests are intended to simulate the effect of additional aircraft with active RAs in proximity to the RA under test. The experimental setup in Figure 1 is modified to add these signals as illustrated in Figure 5.
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Figure 5: Aggregate Interference Scenario Test Setup
2.2 Preliminary Results
To date, testing of the isolated OOB interference signals in Tables 1 and 2 have been com-pleted for the five major altimeter types currently used in civil Air Transport aviation for alti-tudes of 40, 500, 1500, 3000, 5000, and 8000 feet. These data are currently being analysed, however sample data are plotted in Figures 6 and 7 as an example. Figure 6 indicates little effect of the OOB interference on the RA #1 operation until the interference power is -12 dBm. On the other hand, Figure 7 indicates that RA #2 starts reporting No Computed Data (NCD) errors at an interference power of -17 dBm and a significant altitude error at -12 dBm. Clearly the full set of data must be analysed to provide guidance on the susceptibility of radio altimeters to OOB interference signals.
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Figure 6: Out of Band Interference (5 MHz OFDM at 4197.5 MHz) effect on RA #1
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Figure 7: Out of Band Interference (5 MHz OFDM at 4195 MHz) effect on RA #2. Red data points on the blue trace indicate points at which a No Computed Data (NCD) error is reported on the ARINC 429 output.

2.3 Status

Table 3 summarizes the current status of this testing. The green squares indicate that data has been acquired for those test conditions for altitudes (50, 1500, 3000, 5000, and 8000 feet). Completion of all tests in Table 3 for RAs 1-5 is anticipated in early November. In addition to the non-aggregate and aggregate testing of the five civil Air Transport RAs, additional al-timeter models (RA#6 and RA#7) are being sought for testing in order to develop a more comprehensive survey of currently deployed altimeters. 

Table 3: OOB Testing Completion Status
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3. CONCLUSION
3.1 Though early results suggest that RAs are robust to OOB interference, additional experiments are necessary to determine the full effect of OOB interference on the safe operation of radio altimeters.
3.2 The meeting is requested to:
3.2.1 note and review the contents of this information paper;

3.2.2 provide comments and guidance for the completion of this study.
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