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1 Introduction

This paper describes what needs to be undertaken in order to investigate the frequency behaviour of the VDL Mode 4 (VM4) radio.

This frequency testing of VM4 will support the activities of AMCP/WGB, which is in the process of defining frequency planning criteria, and in parallel will provide information that will be necessary for a VM4 implementation decision. The work will also contribute to AMCP/WGF, which is tasked to investigate the feasibility of using the VHF ARN band to operate ADS-B services with VM4.

The paper describes the scenarios that need to be considered for the frequency testing, the methods that will be used to perform the investigations, and details the work programme that will be required.

2 Testing requirements

2.1 Frequency bands to be considered

2.1.1 Interference testing required in the VHF COM band

In the VHF Aeronautical Mobile (Route) Service (AM(R)S) frequency band, which is assigned to communication services (and termed the COM band), the systems operating or proposed to operate in addition to VM4 are VHF voice (DSB-AM 25 kHz and 8.33 kHz), VDL Mode 2 (VM2), VDL Mode 3 (VM3), and ACARS.

For VHF voice and VM2, it will be necessary to check that they do not interfere with VM4 operation, and the reverse, that operation of VM4 does not interfere with these services.

In theory, testing that VM3 does not interfere with VM4, and vice versa, would be required. For VM3 however, future implementation looks uncertain, and there is no VM3 equipment available. Therefore this testing is included for completion, but it may not be carried out eventually.

It will be important to test that VM4 operation is not adversely affected by ACARS transmissions. However since ACARS is not recognised by ICAO, testing for interference to ACARS operation caused by VM4 is not currently required, but may nevertheless be desirable.

The combination of testing that is required to be performed for operation of VM4 in the VHF COM band is summarised in Table 2-1. This table represents a complete set of the tests required in the COM band in order to define accurate frequency planning criteria for VM4.

In the table, shading means testing not required, ‘r’ means testing is required, and ‘d’ means testing is desired but may not be required.

	Interferer
	DSB-AM
	VM4
	VM2
	VM3
	ACARS

	Victim
	25 kHz
	8.33 kHz
	
	
	
	

	DSB-AM (25 kHz)
	
	
	r
	
	
	

	DSB-AM (8.33 kHz) 
	
	
	r
	
	
	

	VM4
	R
	r
	r
	r
	d
	r

	VM2
	
	
	r
	
	
	

	VM3
	
	
	d
	
	
	

	ACARS
	
	
	d
	
	
	


Table 2-1: Interference testing required in the VHF COM band

2.1.2 Interference testing required in the VHF NAV band

It is important to also test the spectrum behaviour of VM4 also in the ARN band (termed the NAV band). In addition to being considered for communications, VM4 is being considered for ADS-B services, and for these services there is an ongoing debate as to the frequency bands which will be used (ARN, or AM(R)S, or both). A required input for the resolution of this issue will be knowledge of the interaction of VM4 with other systems in the NAV band.

The operating systems in the NAV band are VOR, ILS and GBAS. The combination of testing that is required to be performed for operation of VM4 either in the AM(R)S or the ARN band is summarised in Table 2-2. This table represents a complete set of the tests required in the NAV band in order to define accurate frequency planning criteria for VM4.

	Interferer
	VM4
	ILS
	VOR
	GBAS

	Victim
	
	
	
	

	VM4
	Covered in Table 1
	r
	r
	r

	ILS
	R
	
	
	

	VOR
	R
	
	
	

	GBAS
	R
	
	
	


Table 2-2: Interference testing required in the VHF ARN band

2.2 Scenarios to be considered for VM4 frequency testing

The AMCP 7th meeting report (Appendix A to report on Agenda Item 4) [1] described the six scenarios that are to be considered by AMCP/WGB in developing the frequency planning criteria for VHF data links. This list is reproduced for reference in Annex A of this paper.

Following AMCP/7, WGB reviewed and changed some of the distance figures between interferer and victim radios. These figures, agreed by WGB, will be used in the evaluation of the test results and the definition of frequency planning criteria.

The following remarks are made in relation to the applicability of these scenarios to VM4 operations.

Scenario 1: aircraft on the ground vs aircraft on the ground

This scenario is applicable to VM4. The set of interference tests detailed in Section 2.1 shall be used.

Scenario 2: aircraft on the ground vs ground station

This scenario is applicable to VM4. The set of interference tests detailed in Section 2.1 shall be used.

Scenario 3: aircraft in flight vs ground station or aircraft on the ground

This scenario is not applicable to VM4. AMCP/7 decided not to consider this scenario as it is a transitory situation.

Scenario 4: aircraft in flight vs aircraft in flight

This scenario is applicable to VM4. The interference tests detailed in Section 2.1 shall be used.

Scenario 5: airborne co-site

This scenario is not applicable to VM4. AMCP/7 considered that for all VDL systems the airborne co-site issue is a matter for the Airline Electronic Engineering Committee (AEEC). Therefore this scenario is not to be considered for the definition of VM4 frequency planning criteria.

However the airborne co-site scenario is an important issue which needs to be addressed. If VM4 will operate in parallel with VM2 at some point (as is expected) then this implies the possibility of additional co-site interference. It is important to ensure that an appropriate body will address these issues in the near future.

Scenario 6: ground station vs ground station including co-site

This scenario is not applicable to VM4. AMCP/7 considered that this scenario can be addressed during the deployment of ground equipment, and thus this scenario is not to be considered for the definition of VM4 frequency planning criteria.

The six scenarios above cover all the potential situations likely to be encountered during use of VM4. Therefore the examination of Scenarios 1, 2 and 4 will provide all the necessary information required for the determination of the frequency planning criteria.

3 Test methods

The test methods to be used in performing the VM4 frequency compatibility tests are as follows:

· Method 2: Squelch break, S+N/N, and S/P – for use with DSB-AM victim;

· Method 3: BER test – for use with VM4, VM2, or ACARS victim;

· Method 4: VOR bearing change test – for use with VOR victim;

· Method 5: ILS bearing change test – for use with ILS victim;

· Method 6: GBAS test – for use with GBAS victim.

The test methods are described in detail in Annex B. Test methods 2 and 3 were approved at AMCP WGB for VDL testing. Test Method 1, the D/U test, is also described in the annex, but it was not recommended by WGB for VDL testing. Therefore, it will not be used in the VM4 tests.

Table 3-1 shows the test methods which are proposed to be used for each test combination.

	Interferer
	DSB-AM
	VM4
	VM2
	VM3
	ACARS
	VOR
	ILS
	GBAS

	Victim
	25 kHz
	8.33 kHz
	
	
	
	
	
	
	

	DSB-AM (25 kHz)
	
	
	2
	
	
	
	
	
	

	DSB-AM (8.33 kHz) 
	
	
	2
	
	
	
	
	
	

	VM4
	3
	3
	3
	3
	3
	3
	3
	3
	3

	VM2
	
	
	3
	
	
	
	
	
	

	VM3
	
	
	3
	
	
	
	
	
	

	ACARS
	
	
	3
	
	
	
	
	
	

	VOR
	
	
	4
	
	
	
	
	
	

	ILS
	
	
	5
	
	
	
	
	
	

	GBAS
	
	
	6
	
	
	
	
	
	


Table 3-1: Test methods to be used

4 Parameters

The parameters to be used in performance of the testing are given in Annex C. It should be noted that the parameters given require further investigation.

4.1 Testing frequencies

4.1.1 Test frequencies in the COM band

The AMCP Working Group B agreed at its 9th meeting to use the following set of frequencies for VDL testing in the COM band:

· 119 MHz, 128 MHz, and 136 MHz;

· and for each of the above frequencies, the 0th, 1st, 2nd, 3rd, 4th, 5th, 10th, 20th, and 40th adjacent channels.

4.1.2 Test frequencies in the NAV band

As VM4 may also use the ARN frequency band, it will also be necessary to test at frequencies between 108 MHz and 117.975 MHz. This band is to be used by VOR, ILS and GBAS. VOR operates in the frequency range 108-117.950 MHz (50 KHz spacing). ILS operates in the range 108-112 MHz (50 KHz spacing). Finally GBAS will operate in the range 108 – 117.975 MHz (25 KHz spacing).

For the VOR test, the following test frequencies were agreed at the WGB 12th meeting:

· For the VOR test equipment, fVOR = 109 MHz, 112 MHz, and 116.8 MHz;

· Both co- and adjacent channel interference shall be investigated using the following VDL Mode 4 frequencies: fVM4 = fVOR ( 0 (or 25, or 50, or 75, or 100) kHz.

For the ILS test, the following test frequencies were agreed at the WGB 12th meeting:

· For the ILS test equipment, fILS = 109.1 MHz;

· Both co- and adjacent channel interference shall be investigated using the following VDL Mode 4 frequencies: fVM4 = fILS ( 0 (or 25, or 50, or 75, or 100) kHz.

For the GBAS test, the following test frequencies were agreed at the WGB 12th meeting:

· For the GBAS test equipment, fGBAS = 109 MHz, 112 MHz, and 117 MHz;

· Both co- and adjacent channel interference shall be investigated using the following VDL Mode 4 frequencies: fVM4 = fGBAS ( 0 (or 25, or 50, or 75, or 100) kHz.

4.2 Channel loading

An analysis of the likely traffic load on a single channel for both interferer and victim stations has been performed in order to provide realistic loading figures for the VM4 tests. The figures given here impact upon the channel loading parameters for VM4, both as interferer and victim, that are cited in the tables in Annex B.

The channel loading depends on the type of VM4 channel, and thus a realistic traffic loading has been developed for dedicated ADS-B, TIS-B, and point-to-point communications channels. The detail of the derivation of the estimates of traffic load is given in Annex D.

Table 4-1 summarises the channel occupancy to be tested for a VM4 interferer and victim for both mobile and ground stations. For each case, both the percentage load and a possible equivalent slot pattern is given.

	Max load
	ADS-B
	Point-to-Point
	TIS-B

	For mobile interferer
	6.7%
	1.7%
	0%

	
	5 x 1-slot per second
	5 x 1-slot and 5 x 2-slot per 12 seconds
	-

	For mobile victim
	1.3%
	0.3%
	0%

	
	1-slot per second
	1 x 1-slot and 1 x 2-slot per 12 seconds
	-

	For ground station interferer
	3.3%
	40%
	90%

	
	3  x 1-slot plus 1 x 2-slot per two seconds
	10 x 1-slot plus 10 x 2-slot per second
	11 x 6-slot per second

	For ground station victim
	3.3%
	40%
	90%

	
	3  x 1-slot plus 1 x 2-slot per two seconds
	10 x 1-slot plus 10 x 2-slot per second
	11 x 6-slot per second


Table 4-1: VDL4 mobile and ground station loadings for considered channel types

It was decided in the WGB 12th meeting that the ADS-B and Point-to Point channels would be treated together as far as the figures for loading were concerned, with the highest loading of the two types of channel being taken. The figures for TIS-B would remain as a separate case. Thus the figures to be used are as shown in Table 4-2.

	Max load
	ADS-B or Point-to-Point
	TIS-B

	For mobile interferer
	6.7%
	0%

	
	5 x 1-slot per second
	-

	For mobile victim
	1.3%
	0%

	
	1-slot per second
	-

	For ground station interferer
	40%
	90%

	
	10 x 1-slot plus 10 x 2-slot per second
	11 x 6-slot per second

	For ground station victim
	40%
	90%

	
	10 x 1-slot plus 10 x 2-slot per second
	11 x 6-slot per second


Table 4-2: VDL4 mobile and ground station loadings to be used

In the implementation of the above channel loadings there may have to be some flexibility due to constraints imposed by the test method or due to limitations in setting the slot patterns in the software that accompanies the test radios. Where modifications to the loading are required, it was decided in WGB (12th meeting) to round up the loading rather than reduce it.

5 Test equipment

Testing needs to be performed with an appropriate range of radio equipment reflecting the different types of equipment that may be used during operation. The types of radios that will need to be considered for each service are as follows:

VHF Voice (DSB-AM)

· General Aviation (GA) specific equipment;

· Air Transport (AT) specific equipment;

· Ground equipment.

VM2, VM4 (VM3 and ACARS)

· Airborne equipment;

· Ground equipment.

VOR, ILS, GBAS

· Airborne equipment;

· Ground equipment.

6 Issues to be examined

6.1 Correct S/P value

The correct value of signal-to-pulse (S/P) to be used when testing VM4 against a DSB-AM victim needs to be investigated. For S+N/N degradation a value of 6dB can be used for all VDL Modes, but it needs to be established whether this figure may also be used for the S/P measurement.

6.2 Spectral mask

The spectral mask, as measured in pulse mode, of the VDL Mode 4 transmitters which have previously been used for VM4 testing, did not fully comply with the current VM4 SARPs requirements. VM4 radios are required which do meet the SARPs spectral mask requirements. While currently available radios are believed to meet the requirements, this remains to be verified.

6.3 Compliance with ITU – FM broadcast

This issue is addressed as a separate action by DFS in the frame of AMCP Working Groups M and F.

6.4 Tests for GBAS

The test involving interference between VM4 and GBAS is not yet fully developed. A complete test method for GBAS still needs to be defined.

7 Allocation of responsibilities

The testing will be a joint activity, with contributions from different organisations. Eurocontrol, DFS, STNA and LFV have expressed an interest to collaborate in executing the required testing.

A meeting will be held to establish the responsibilities of the involved parties (including provision of the equipment, laboratory facilities, manpower, etc).
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A Definition of scenarios

The AMCP/7 report [1] described the 6 scenarios that are to be considered by AMCP/WGB in developing the frequency planning criteria for VHF data links. These are summarised in Table A-1.

	Scenario 1: 
aircraft on the ground vs aircraft on the ground

	Two aircraft situated at adjacent gates communicating on different frequencies with an assumed physical separation of 50 meters (170 ft) between antenna.

Note: At AMCP/WGB Meeting 11, it was found for VM2 that a figure of 210 m (690 ft) represented the separation distance below which interference to aircraft could occur, and this was generally accepted for other VDL Modes also.

	Scenario 2:
aircraft on the ground vs ground station

	One aircraft on gate communicating on one frequency and a ground station communicating with another aircraft where it is assumed that the minimum physical separation between antenna is somewhere between 50 & 100 meters (170 – 340ft).

Note: At AMCP/WGB Meeting 11, it was found for VM2 that a figure of 750 m (2460 ft) represented the separation distance below which interference to ground stations could occur, and this was generally accepted for other VDL Modes also.

	Scenario 3:
aircraft in flight vs ground station or aircraft on the ground

	An aircraft in flight communicating on one frequency and either a ground station or an aircraft on the ground communicating on another frequency with an assumed physical separation between the relevant antenna of 600 meters (2,000ft).

This scenario was recognised as a transitory effect and therefore could be ignored.

	Scenario 4:
aircraft in flight vs aircraft in flight 

	Two aircraft in flight flying parallel tracks communicating on two different frequencies with an assumed vertical physical separation of 600 meters (2,000ft) between the antenna.

	Scenario 5:
airborne co-site

	One aircraft is communicating to two separate ground stations on two different radios at the same time.

WG-B regarded that the improvements in the SARPS proposed at AMCP 6 were the maximum that could be achieved through SARPS and therefore any remaining problems would have to be solved by system integrators and was therefore a matter for AEEC.

	Scenario 6:
around station vs ground station including co-site 

	Where two radios are being used simultaneously to communicate on two different frequencies (the radios being located at either a single or separate sites).

Due to the freedom available when installing equipment on the ground, Working Group B regarded this scenario as a matter for system installers and service providers and should not be considered when devising planning criteria.


Table A-1: Proposed scenarios for VM4 testing

B Test methods

In the following sections the test methods to be used are described. The methods given here are based on those in Ref. 6. The test methods described in Sections B.1 to B.3 were agreed on at the 8th meeting of AMCP WGB [7] and have been used for the majority of the testing which has so far been carried out. The tests for VOR and ILS are awaiting comments from AMCP WGB.

B.1 Test method 1: D/U signal ratio

The Desired/Undesired (D/U) test method can be used to assess the impact of VDL signals on a DSB-AM (25 kHz and 8.33 kHz) victim receiver and is based on the ratio of the power of the desired and undesired signals in the passband of the receiver.

B.1.1 Test setup for D/U test

The equipment to be used in the D/U test is shown in Figure B-1.
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Figure B-1: Test setup required for the D/U signal test

B.1.2 Test procedure for D/U test

The steps required to be performed for the squelch break test are as follows:

The desired AM signal is set so as to produce a –82dBm or –93 dBm, 30% modulated signal with ATC phrases at the input of the victim receiver (-93 dBm simulates a worst case scenario for a ground receiver).

The undesired VDL signal is then set to give a W dB D/U in the passband of the receiver on the first and subsequent adjacent channels and a recording made of the audio output from the receiver for each adjacent channel. W is determined by subjective testing for each VDL mode.

A listening panel then assess the quality of the audio results recorded, scoring each in turn.

B.2 Test method 2: squelch break, S+N/N, and S/P

This test method investigates separately the effects of the pulse and continuous modulation of a digital signal on a DSM-AM (25 kHz and 8.33 kHz) victim receiver. By separating the effects of the pulse and the modulation, two objective parameters can be defined which can therefore be tested for and measurements made.

To assess the impact of a digital signal on a DSB-AM receiver in the presence of a wanted signal, two criteria are proposed: a Signal + Noise to Noise ratio (S+N/N), and a signal to pulse (S/P) ratio.

B.2.1 Test setup for squelch break test

The equipment to be used in the squelch break test is shown in Figure B-2.
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Figure B-2: Test setup required for the squelch break test

B.2.2 Test procedure for squelch break test

The steps required to be performed for the squelch break test are as follows:

The undesired VDR is tuned to the centre frequency of the AM receiver under test and the signal level increased until the squelch is broken and the level recorded.

The undesired VDR is then tuned to the adjacent channel and the signal level increased until the squelch is broken and the level recorded.

The undesired VDR is then tuned to the next adjacent channel in a given set of N adjacent channels and the signal level increased until the squelch is broken and the level recorded. This is repeated until the last channel in the reference set is tested.

The AM test frequencies given in Section 4.1 shall be used.

For the case of VM4 as interferer, the channel loading scenarios as given in Table 4-2 shall be used.

B.2.3 Test setup for S+N/N test

The equipment to be used in the S+N/N test is shown in Figure B-3.
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Figure B-3: Test setup required for the S+N/N test

B.2.4 Test procedure for S+N/N test

The steps required to be performed for the S+N/N test are as follows:

The wanted signal is set so as to produce a –82 dBm or –93 dBm, 30% modulated, 1 kHz tone (30 % modulation depth) at the input of the victim receiver.

The undesired VDR is set in burst mode with a centre frequency offset from the desired AM signal by one channel, and the level of signal at the input of the victim AM receiver varied until a S+N/N degradation on the audio output of 6 dB is measured and the level noted.

Note 1: The S+N/N measurement is conducted with an output power meter as ‘audio test equipment’. The S+N values are derived with a desired signal with modulation present, whereas the N value is derived with the modulation removed. The procedure gives the (S+D+N)/N ratio in case additional harmonic distortion D is present.

When the (S+N)/N ratio reduction of 6 dB is reached, the audio level is measured to check that it is more than the nominal level minus 6 dB. If this were not the case, the unwanted signal level to get the nominal audio level minus 6 dB would be noted.

Note 2: The receiver degradation could also appear to be an audio ‘blocking’ (audio level reduction). The tolerance generally considered for this audio reduction is 6 dB.

The audio distortion is then checked to ensure that it is less than 10%, which is equivalent to (S+D)/D or better than 20 dB. If this is not the case, then the unwanted VDR signal level required to get a 20 dB (S+D+N/N) value is noted.

Note 3: Audio distortion will be measured with a distortiometer as ‘audio test equipment’. The measurement principle is to reject the audio tone of 1 kHz (modulation signal). The audio fundamental at 1 kHz is suppressed and the remaining energy is due to the audio harmonics, and hence to the distortion (in %). However the measurement is correct only if the noise energy is low enough. In fact the measurement gives the (S+D+N)/(D+N) ratio. 

The measurement is repeated for the next adjacent channel for the undesired VDR in a given set of N adjacent channels.

The AM test frequencies given in Section 4.1 shall be used.

For the case of VM4 as interferer, the channel loading scenarios as given in Table 4-2 shall be used.

B.2.5 Test setup for S/P test

The equipment to be used in the S/P test is the same as that used for the S+N/N test in Figure B-3.

B.2.6 Test procedure for S/P test

The steps required to be performed for the S/P test are as follows:

The wanted signal is set so as to produce a –82 dBm or –93 dBm, 30% modulated 1kHz tone (30 % modulation depth) at the input of the victim receiver.

The undesired VDR is set in burst mode with a centre frequency offset from the desired AM signal by one channel and the level of signal at the input of the victim AM receiver varied until the level of the audio pulses is 6 dB below the nominal audio peak level (the audio pulse level is half of the nominal audio peak level).
Note: The measurement procedure is as follows: Modulate the wanted signal with a tone 1 kHz (30 % modulation depth); Note the audio peak level (1 kHz) at the receiver audio output with the unwanted transmitter off; Then suppress the wanted signal modulation and increase the unwanted signal level to get spurious audio pulses half of the nominal audio peak level, which means that S/P is now equal to 6 dB.

The undesired VDR is then set to the next adjacent channel and the level of signal at the input of the victim AM receiver varied until the audio pulse level is 6 dB below the nominal audio peak level, and the level noted.

This is repeated for the next channel in a given set of N adjacent channels.

The AM test frequencies given in Section 4.1 shall be used. 

For the case of VM4 as interferer, the channel loading scenarios as given in Table 4-2 shall be used.

B.3 Test method 3: BER test

This test method can be used to assess the impact of either a DSB-AM or VDL signal on a VDL victim receiver and is based on the bit error rate (BER) performance of the radio.

For VDL Mode 4 as victim receiver, the Message Error Rate (MER) can be used as an alternative for the evaluation of the impact in performance.

B.3.1 Test setup for BER test

The equipment to be used in the BER test is shown in Figure B-4.
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Figure B-4: Test setup required for the BER test

B.3.2 Test procedure for BER test

The steps required to be performed for the BER test are as follows:

The desired VDR signal is set such that the level at the input to the VDR receiver under test is –82 dBm or –93 dBm. 

The undesired signal source is tuned to the centre frequency of the VDR receiver under test and the signal level increased until the bit error rate of the desired signal falls below the required level and the undesired signal level at the input to the victim receiver recorded.

The undesired signal source is then tuned to the adjacent channel and the signal level increased until the bit error rate of the desired signal falls below the required level and the undesired signal level at the input to the victim receiver recorded.

The undesired signal source is then tuned to the next adjacent channel in a given set of N adjacent channels and the signal level increased until the bit error rate of the desired signal falls below the required level and the undesired signal level at the input to the victim receiver recorded.  This is repeated until the last channel in the reference set is tested.

The AM test frequencies given in Section 4.1 shall be used.

For the case of VM4 as victim, the channel loading scenarios as given in Table 4-2 shall be used.

B.4 Test method 4: VOR test

This test method can be used to assess the impact of a VM4 signal on a VOR victim receiver and is based on the changes in selected VOR bearing or VOR flag indication.

B.4.1 Test setup for VOR test

The equipment to be used in the VOR bearing change test is shown in Figure B-5.
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Figure B-5: Test setup for the VOR test

B.4.2 Test procedure for VOR test

The channel spacing for VOR equipment is 50 kHz.

The VDL interference source shall be channelled in 25 kHz steps.

For the case of VM4 as interferer, the channel loading scenarios as given in Table 4-2 shall be used.

The test frequencies given in Section 4.1.2 shall be used. 

Interference criteria shall be the changes in selected VOR bearing of either ( 0.3° (ITU-R IS.1140), or appearance of the flag, whichever comes first.

Note 1: A  0.3° course indicator deflection equates to a deviation bar drive current of 4.5 µA.

Note 2: In RTCA MOPS for VOR airborne receiving equipment [8], it states in Section 2.2.2 that the effect of adjacent channel signals shall be that the VOR bearing information presented to the pilot shall not change by more than 1 degree.
For each series of tests the output power level on the VOR Signal Generator will be set to provide –79 dBm RF input level (ICAO and RTCA/DO-196 reference signal level) at the VOR receiver under test. 

B.5 Test method 5: ILS test

This test method can be used to assess the impact of a VM4 signal on a ILS victim receiver and is based on ITU-R IS.1009-1 [9] and ITU-R IS.1140 [10] recommendations.

B.5.1 Test setup for ILS test

The test setup is the same as that used in Test Method 4 for the VOR bearing change test, except that an ILS signal generator and an ILS receiver are used in place of the VOR signal generator and the VOR receiver. The ILS test setup is shown in Figure B-6.
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Figure B-6: Test setup for the ILS test

B.5.2 Test procedure for ILS test

The VDL interference source shall be channelled in 25 kHz steps.

For the case of VM4 as interferer, the channel loading scenarios as given in Table 4-2 shall be used.

The test frequencies given in Section 4.1.2 shall be used.

The interference thresholds for a wanted signal with a difference in depth of modulation (DDM) of 0.093 are a change in course deflection current of 4.5 (A, or the appearance of the flag, whichever occurs first

Note: In RTCA MOPS for ILS localizer airborne receiving equipment [11], it states in Section 2.2.2 that the effect of adjacent channel signals shall be that the ILS centering error as presented to the pilot shall not be greater than 9.9 (A for manual landing, or 4.5 (A for automatic landing.
For each series of tests the output power level on the ILS Signal Generator will be set to provide –86 dBm RF input level (ICAO and RTCA/DO-195 reference signal level) at the VOR receiver under test. 

B.6 Test method 6: GBAS test

TBC - This test method can be used to assess the impact of a VM4 signal on a VOR victim receiver.

B.6.1 Test setup for GBAS test

TBC – The test setup is expected to be similar to that shown for VOR and ILS in Figs. B-5 and B-6.

B.6.2 Test procedure for GBAS test

TBC - For the case of VM4 as interferer, the channel loading scenarios as given in Table 4-2 shall be considered.

C Parameters to be used in the tests

The following tables indicate the parameters to be used in performance of the testing. The parameters shown in Sections C.1 to C.7 were approved at the 10th and 12th meetings of WG B.

Note that in the following tables the only parameters that remain to be agreed are the value of the S/P criterion to be used for the impact of VDL Mode 4 to voice and the GBAS parameters.

The parameters for VOR, ILS and GBAS will be communicated to the GNSS Panel for comments.

C.1 VM4 vs DSB-AM

VM4 Interferer / DSB-AM Victim:

	Parameter
	Value
	Comment

	Minimum desired signal


        
	Ground: 

Airborne:
	-93 dBm

-82 dBm
	SARPs values [Note 1]



	Signal to Pulse Ratio:
	TBD
	

	Signal plus Noise to Noise Ratio:
	6 dB
	

	Channel load of the interferer
	See Table 4-2
	


Note 1: Refers to SARPs for DSB-AM [3].

DSB-AM Interferer /VM4 Victim 

	Parameter
	Value
	Comment

	Minimum desired signal


        
	Ground: 

Airborne:
	-88 dBm

-88 dBm
	SARPs value [Note 2]



	Bit Error Rate
	1 in 10-4 (uncorrected)
	If this cannot be measured then a message error rate of 2 in 10-2 may be used. (this is true for a one slot configuration)

	Channel load of the victim
	See Table 4-2
	


Note 2: Refers to SARPs for VM4 [4].

C.2 VM4 vs VM2

VM4 Interferer / VM2 Victim:

	Parameter
	Value
	Comment

	Minimum desired signal


        
	Ground: 

Airborne:
	-93 dBm

-82 dBm
	SARPs values [Note 1]



	Bit Error Rate
	1 in 10-3 
	MOPS value [Note 2]

	Channel Loading
	Victim:

Interferer:
	20 %

See Table 4-2
	


Note 1: Refers to SARPs for VM2 [4].

Note 2: Refers to MOPS for VM2 [5].

VM2 Interferer /VM4 Victim 

	Parameter
	Value
	Comment

	Minimum desired signal


        
	Ground: 

Airborne:
	-88 dBm

-88 dBm
	SARPs value [Note 3]



	Bit Error Rate
	1 in 10-4
(uncorrected)
	If this cannot be measured then a message error rate of 2 in 10-2 may be used. (this is true for a one slot configuration)

	Channel Loading
	Victim:

Interferer:
	See Table 4-2

Continuous
	2% can be used if BER is measured.


Note 3: Refers to SARPs for VM4 [4].

C.3 VM4 vs VM3

This section is provided for completeness only. No testing against VM3 is planned at this stage. This is due in part to lack of VM3 equipment availability.

VM4 Interferer / VM3 Victim

	Parameter
	Value
	Comment

	Minimum desired signal


        
	Ground: 

Airborne:
	-93 dBm

-82 dBm
	SARPs values [Note 4]



	Bit Error Rate
	1 in 10-3
(uncorrected)
	SARPs value [Note 4]

	Channel Loading
	Victim:

Interferer:
	TBD

See Table 4-2
	


Note 4: Refers to SARPs for VM3 [4]

VM3 Interferer /VM4 Victim 

	Parameter
	Value
	Comment

	Minimum desired signal


        
	Ground: 

Airborne:
	-88 dBm

-88 dBm
	SARPs value [Note 1]



	Bit Error Rate
	1 in 10-4
(uncorrected)
	If this cannot be measured then a message error rate of 2 in 10-2 may be used. (this is true for a one slot configuration)

	Channel Loading
	Victim:

Interferer:
	See Table 4-2

TBD
	


C.4 VM4 vs VM4

VM4 Interferer /VM4 Victim 
	Parameter
	Value
	Comment

	Minimum desired signal


        
	Ground: 

Airborne:
	-88 dBm

-88 dBm
	SARPs value [Note 1]



	Bit Error Rate
	1 in 10-4
(uncorrected)
	If this cannot be measured then a message error rate of 2 in 10-2 may be used. (this is true for a one slot configuration)

	Channel Load
	Victim:

Interferer:
	See Table 4-2

See Table 4-2
	


Note 1: Refers to SARPs for VM4 [4].

C.5 VM4 vs VOR

VM4 Interferer / VOR  Victim:

	Parameter
	Value
	Comment

	Minimum desired signal


        
	Ground: 

Airborne:
	-79 dBm

-79 dBm
	ICAO and RTCA/DO-196 reference signal level



	Change in selected VOR bearing or course deflection current or appearance of the flag
	Bearing:

Current:

Flag:
	( 0.3°

4.5 (A

for 1 s
	ITU-R IS.1140

	Channel Load
	Victim:

Interferer:
	Continuous

See Table 4-2
	


VOR Interferer / VM4 Victim:

	Parameter
	Value
	Comment

	Minimum desired signal


        
	Ground: 

Airborne:
	-88 dBm

-88 dBm
	SARPs value [Note 1]



	Bit Error Rate
	1 in 10-4
(uncorrected)
	If this cannot be measured then a message error rate of 2 in 10-2 may be used. (this is true for a one slot configuration)

	Channel Load
	Victim:

Interferer:
	See Table 4-2

Continuous
	


Note 1: Refers to SARPs for VM4 [4].

C.6 VM4 vs ILS

VM4 Interferer / ILS  Victim:

	Parameter
	Value
	Comment

	Minimum desired signal


        
	Ground: 

Airborne:
	-86 dBm

-86 dBm
	ICAO and RTCA/DO-195 reference signal level



	Change in course deflection current or appearance of the flag
	Current:

Flag:
	4.5 (A 

for 1 s
	ITU-R IS.1140

	Channel Load
	Victim:

Interferer:
	Continuous

See Table 4-2
	


ILS Interferer / VM4 Victim:

	Parameter
	Value
	Comment

	Minimum desired signal


        
	Ground: 

Airborne:
	-88 dBm

-88 dBm
	SARPs [Note 1]

SARPs [Note 1]

	Bit Error Rate
	1 in 10-4
(uncorrected)
	If this cannot be measured then a message error rate of 2 in 10-2 may be used. (this is true for a one slot configuration)

	Channel Load
	Victim:

Interferer:
	See Table 4-2

Continuous
	


Note 1: Refers to SARPs for VM4 [4].

C.7 VM4 vs GBAS

VM4 Interferer / GBAS Victim:

	Parameter
	Value
	Comment

	Minimum desired signal


        
	Ground: 

Airborne:
	TBD

TBD
	

	Test criteria
	TBD
	

	Channel Load
	Victim:

Interferer:
	Continuous

See Table 4-2
	


GBAS Interferer / VM4 Victim:

	Parameter
	Value
	Comment

	Minimum desired signal


        
	Ground: 

Airborne:
	-88 dBm

-88 dBm
	SARPs [Note 1]

SARPs [Note 1]

	Bit Error Rate
	1 in 10-4
(uncorrected)
	If this cannot be measured then a message error rate of 2 in 10-2 may be used. (this is true for a one slot configuration)

	Channel Load
	Victim:

Interferer:
	See Table 4-2

Continuous
	


Note 1: Refers to SARPs for VM4 [4].
C.8 Physical layer parameters

C.8.1 DSB-AM

Airborne

	Transmitter
	Value
	Comment

	Power output
	44 dBm
	MOPS

	Feeder loss
	3 dB
	Assumed figure (used in RTCA172)

	Antenna gain
	0 dB
	Assumed


	Receiver
	Value
	Comment

	Minimum expected signal at the antenna
	75(V/m

( -82dBm (isotropic antenna)
	Annex 10  Volume III, Part II, Para 2.3.2.2.1

	Feeder loss
	3 dB
	Assumed figure (used in RTCA172)

	Antenna gain
	0 dB
	Assumed


Ground

	Transmitter
	Value
	Comment

	Power output
	50 dBm
	Annex 10 Volume V, Attachment A, Para 2.4

	Feeder loss
	3 dB
	Assumed figure (used in RTCA172)

	Antenna gain
	2 dB
	Assumed


	Receiver
	Value
	Comment

	Minimum expected signal at the antenna
	20(V/m

( -93dBm (isotropic Antenna)
	Annex 10  Volume III, Part II, Para 2.2.2.2.

	Feeder loss
	3 dB
	Assumed figure (used in RTCA172)

	Antenna gain
	2 dB
	Assumed


C.8.2 VDL Modes 2 and 3

Airborne and ground

	Transmitter
	Value
	Comment

	Power output
	42 dBm (on channel VDL Mode 2)

44 dBm (on channel VDL Mode 3)

-18 dBm (1st Adjacent, 16kHz BW)

-28 dBm (2nd Adjacent, 25kHz BW)

-38 dBm (4th Adjacent, 25kHz BW)

-43 dBm (8th Adjacent, 25kHz BW)

-48 dBm (16th Adjacent, 25kHz BW)

-53 dBm (32nd Adjacent, 25kHz BW)
	MOPS

MOPS

Annex 10 Volume 3, Part I, Para 6.3.4

Annex 10 Volume 3, Part I, Para 6.3.4

Annex 10 Volume 3, Part I, Para 6.3.4

Annex 10 Volume 3, Part I, Para 6.3.4

Annex 10 Volume 3, Part I, Para 6.3.4

Annex 10 Volume 3, Part I, Para 6.3.4

	Feeder loss
	3 dB
	Assumed figure (used in RTCA 172)

	Antenna gain
	0 dB (airborne)

2 dB (ground)
	Assumed

Assumed


	Receiver
	Value
	Comment

	Minimum expected signal at the antenna
	20(V/m

(-93dBm (isotropic Antenna)
	Annex 10  Volume 3, Part II, Para 6.3.5.1

	Undesired signal rejection
	40 dB (1st Adjacent channel)

60 dB (3rd Adjacent channel)
	

	Feeder loss
	3 dB
	Assumed figure (used in RTCA 172)

	Antenna gain
	0 dB (airborne)

2 dB (ground)
	Assumed

Assumed


C.8.3 VDL MODE 4

Airborne and ground
	Transmitter
	Value
	Comment

	Power output
	40 dBm (airborne at the antenna)

44 dBm (ground at the antenna)

-18 dBm (1st Adjacent, 16kHz BW)

-28 dBm (2nd Adjacent, 25kHz BW)

-38 dBm (4th Adjacent, 25kHz BW)

-43 dBm (8th Adjacent, 25kHz BW)

-48 dBm (16th Adjacent, 25kHz BW)

-53 dBm (32nd Adjacent, 25kHz BW)
	MOPS

MOPS

Annex 10 Volume 3, Part I, Para 6.3.4

Annex 10 Volume 3, Part I, Para 6.3.4

Annex 10 Volume 3, Part I, Para 6.3.4

Annex 10 Volume 3, Part I, Para 6.3.4

Annex 10 Volume 3, Part I, Para 6.3.4

Annex 10 Volume 3, Part I, Para 6.3.4

	Feeder loss
	3 dB
	Assumed figure (used in RTCA 172)

	Antenna gain
	0 dB (airborne)

2 dB (ground)
	Assumed

Assumed


	Receiver
	Value
	Comment

	Minimum expected signal at the antenna
	35(V/m

( -88dBm (isotropic Antenna)
	Annex 10  Volume 3, Part II, Para 6.9.5.1.1.1

	Undesired signal rejection
	40 dB (1st Adjacent channel)

60 dB (3rd Adjacent channel)
	

	Feeder loss
	3 dB
	Assumed figure (used in RTCA 172)

	Antenna gain
	0 dB (airborne)

2 dB (ground)
	Assumed

Assumed


D Channel occupancy of interferer and victim for use in testing

In the following sections, the channel load due separately to aircraft and ground stations is derived on different types of VDL Mode 4 channel. This information is then used in the context of the different interference scenarios to estimate the typical channel loads of interferer and victim stations in the scenarios.

It will be assumed that a channel will reach maximum utilisation at some point after a full VM4 implementation. It will be assumed that there is approximately 90 % channel occupancy as a result of full utilisation, as this is the maximum channel occupancy that has been found to occur in previous simulations of heavily loaded channels.

D.1 Limits in the VDL Mode 4 SARPS and Technical Manual

D.1.1 Maximum transmission rate

The number of times per minute that a station can transmit is governed in the VDL Mode 4 Technical Manual by the parameter ‘nr’ described in Table 1.33 of the Manual of Technical details. The maximum value that the specification allows this parameter to have is 60, corresponding to one message transmitted by one station per channel per second. The default rate for transmission of sync bursts is, however, 6 bursts per channel per minute, or one message transmitted by one station every ten seconds.

D.1.2 Maximum transmission time

The maximum transmission time for a VDL Mode 4 transmitter is governed by the VDL Mode 4 SARPs. In ICAO Annex 10 Volume III Section 6.9.5.1.4.3, a requirement for automatic transmitter shutdown states that a transmitter must shutdown if it remains transmitting for more than one second.

D.2 Channel loading from aircraft

D.2.1 Aircraft loading on ADS-B channel

D.2.1.1 ADS-B loading from aircraft on the ground

On an ADS-B channel, the main source of channel loading from aircraft will be periodic sync burst messages, broadcast repeatedly every few seconds.

In estimating likely message reporting rates, reference has been made to the VM4 channel management schemes described in the TLAT report [12]. In this report, the high density core Europe scenario has been assumed, which corresponds to the estimated traffic at 2015 (2091 aircraft in a circle of radius 300 NM). Table D-1 gives the range of reporting rates proposed for the different scenarios in the TLAT report, for aircraft to transmit on the ground (GND) channel.

	Scenario
	Messages per minute
	Message type
	Slots per message

	Low density
	15
	Fixed and high resolution
	1

	Medium density
	20 (during taxi)

2   (at gate)
	Fixed and high resolution
	1

	High density –

Option 1
	30 (within incursion zone)

60 (outside incursion zone)

4   (at gate)
	Fixed and high resolution
	1

	High density –

Option 2
	60 (final approach/climbout)

60 (within incursion zone)

30 (outside incursion zone)

2   (stopped)
	Fixed and basic
	1


Table D-1: ADS-B reporting rates proposed for the GND channel in the TLAT report

Thus the highest interference loading on a ground ADS-B channel given in the TLAT report for taxiing aircraft corresponds to one one-slot message per second. We shall assume this is the highest interference loading likely in normal operation.

D.2.1.2 ADS-B loading from aircraft in the air

Reference is again made to the VM4 channel management schemes described in the TLAT report. Table D-2 gives the highest ADS-B reporting rates proposed for the different scenarios in the TLAT report, for aircraft to transmit on airborne channels.

	Scenario
	Messages per minute
	Message type
	Slots per message

	Low density
	15
	Fixed and basic
	1

	Medium density
	5.75 (during taxi)
	Fixed and basic
	1

	
	0.25
	Fixed and aircraft data, TCP, TCP+1, TCP+2, TCP+3
	2

	High density –

Option 1
	20  (final approach/ climbout/runway)
	Fixed and basic
	1

	High density –

Option 2
	20  (transition region bordering TMA)
	Fixed and basic
	1


Table D-2: Highest ADS-B reporting rates proposed for airborne channels in the TLAT scenarios

Thus the highest loading on an airborne ADS-B channel given in the TLAT report corresponds to a one-slot message every three seconds.

D.2.2 Aircraft loading on point-to-point communications channel

For a point-to-point communications channel, the majority of the communications will be between an aircraft and the nearest ground station. Without priority for ground station messages, one would estimate half the messages on the channel to be transmitted by the ground station, and half by aircraft.

However with the protocols reserving certain slots for ground station use, all ground station message attempts will be successful, and a number of aircraft transmission attempts will be unsuccessful. The result of this will be that a greater proportion of the slots on the channel will be taken up by aircraft transmissions. Thus including our assumption of 90% channel occupancy, perhaps 50 % of slots will contain transmissions from aircraft, 40 % will contain transmissions from ground stations, and 10 % will remain unoccupied.

For a very rough estimate, one could say that the 50 % loading from aircraft is divided among 150 aircraft, giving an average 0.33 % channel loading from each aircraft.

It is likely that the communications messages would consist of a high proportion of 1-slot and 2-slot messages. Thus we could also propose for a rough estimate that this 50 % load is due to each aircraft transmitting one 1-slot message and one 2-slot message every 12 seconds.

D.2.3 Aircraft loading on TIS-B channel

On a dedicated TIS-B channel, all the transmissions would be expected to be produced by the ground station. Thus the aircraft loading on a TIS-B channel is assumed to be zero.

D.3 Channel loading from ground stations

D.3.1 Ground station loading on ADS-B channel

When the channel is operating only as an ADS-B channel, the ground station will report its own position at regular intervals using sync bursts as a requirement of link management. These would occupy one slot at most once every two seconds.

The ground station would also be expected to provide Directory of Service messages at regular intervals. It might routinely send directed requests to mobile stations to instruct them to change channels, or for other reasons. It might also be expected to broadcast channel management XIDs at regular intervals.

As a first estimate we could say that each of these types of message might have to be broadcast by the ground station every 2 seconds, with the channel management XID being the only one that would routinely require a two-slot message. This gives an estimate of 5 slots required every two seconds, or a channel load of 3.3 % on an ADS-B channel.

D.3.2 Ground station loading on point-to point communications channel

As described in Section D.1.2, on a dedicated communications channel, 40 % of the channel loading is estimated to be due to the nearest ground station.

As stated above, it is likely that the communications messages would consist of a high proportion of 1-slot and 2-slot messages. Thus we could also propose for a rough estimate that this 40 % load is due to the ground station transmitting ten 1-slot messages and ten 2-slot messages every second.

D.3.3 Ground station loading on TIS-B channel

On a dedicated TIS-B channel, all the transmissions would be expected to be produced by the ground station. The need for a dedicated TIS-B channel would depend on the proportion of mobiles that were not ADS-B capable. In line with the assumption of 90% channel occupancy stated above, there would be 90 % channel occupancy on the TIS-B channel consisting entirely of uplink transmissions from the nearest ground station. These will be assumed to be 6-slot messages, as it would be very inefficient for the ground station to transmit in short messages.

D.4 Channel occupancy of VM4 interferer

D.4.1 Scenario 1: aircraft on the ground vs aircraft on the ground

Victim aircraft on the ground within interfering range of 5 other aircraft on the ground:

1. ADS-B channel

The highest channel occupancy due to interfering aircraft on the ground that is likely in normal operation is:

· 6.7 % duty cycle from 5 other aircraft on the ground within interfering range, consisting of 1.3 % loading from each aircraft (five 1-slot messages per second);

The highest channel occupancy of a victim aircraft on the ground that is likely in normal operation is:

· 1.3 % duty cycle (1-slot message per second).

2. Point-to-point communications channel

The highest channel occupancy due to interfering aircraft on the ground that is likely in normal operation is:

· 1.7 % duty cycle from 5 taxiing aircraft within interfering range, consisting of 0.33 % loading from each aircraft (five 1-slot and five 2-slot message every 12 seconds);

The highest channel occupancy of a victim aircraft on the ground that is likely in normal operation is:

· 0.33 % duty cycle (one 1-slot and one 2-slot message every 12 seconds).

3. TIS-B channel

Zero channel occupancy is expected due to either an interferer or a victim aircraft on the ground for a TIS-B channel.

D.4.2 Scenario 2: aircraft on the ground vs ground station

Case A: Victim aircraft on the ground within range of interfering ground station antenna:

1. ADS-B channel

The highest channel occupancy due to an interfering ground station that is likely in normal operation is:

· 3.3 % duty cycle from ground station within interfering range (three 1-slot messages and one 2-slot message every two seconds).

The highest channel occupancy of a victim aircraft on the ground that is likely in normal operation is:

· 1.3 % duty cycle (1-slot message per second).

2. Point-to-point communications channel

The highest channel occupancy due to an interfering ground station that is likely in normal operation is:

· 40 % duty cycle from ground station within interfering range (ten 1-slot plus ten 2-slot messages per second).

The highest channel occupancy of a victim aircraft on the ground that is likely in normal operation is:

· 0.33 % duty cycle (one 1-slot and one 2-slot message every 12 seconds).

3. TIS-B channel

The highest channel occupancy due to an interfering ground station that is likely in normal operation is:

· 90 % duty cycle from ground station within interfering range (eleven 6-slot messages per second).

Zero channel occupancy is expected due to a victim aircraft on the ground for a TIS-B channel.

Case B: Victim ground station antenna within range of 5 interfering aircraft on the ground:

1. ADS-B channel

The highest channel occupancy due to interfering aircraft on the ground that is likely in normal operation is:

· 6.7 % duty cycle from 5 other aircraft on the ground within interfering range, consisting of 1.3 % loading from each aircraft (five 1-slot messages per second);

The highest channel occupancy of a victim ground station that is likely in normal operation is:

· 3.3 % duty cycle (three 1-slot messages and one 2-slot message every two seconds).

2. Point-to-point communications channel

The highest channel occupancy due to interfering aircraft on the ground that is likely in normal operation is:

· 1.7 % duty cycle from 5 taxiing aircraft within interfering range, consisting of 0.33 % loading from each aircraft (five 1-slot and five 2-slot message every 12 seconds);

The highest channel occupancy of a victim ground station that is likely in normal operation is:

· 40 % duty cycle (ten 1-slot plus ten 2-slot messages per second).
3. TIS-B channel

Zero channel occupancy is expected due to interfering aircraft on the ground for a TIS-B channel.

The highest channel occupancy of a victim ground station that is likely in normal operation is:

· 90 % duty cycle (eleven 6-slot messages per second).

D.4.3 Scenario 4: aircraft in flight vs aircraft in flight

Victim aircraft airborne within interfering range from 1 other airborne aircraft:

1. ADS-B channel

The highest channel occupancy due to interfering airborne aircraft that is likely in normal operation is:

· 0.44 % duty cycle from 1 airborne aircraft within interfering range (1-slot message every 3 seconds).

The highest channel occupancy of a victim airborne aircraft that is likely in normal operation is:

· 0.44 % duty cycle (one-slot message per three seconds).

2. Point-to-point communications channel

The highest channel occupancy due to interfering airborne aircraft that is likely in normal operation is:

· 0.33 % duty cycle from 1 airborne aircraft within interfering range (one 1-slot and one 2-slot message every 12 seconds).

The highest channel occupancy of a victim airborne aircraft that is likely in normal operation is:

· 0.33 % duty cycle (one 1-slot and one 2-slot message every 12 seconds).

3. TIS-B channel

Zero channel occupancy is expected due to either an interferer or a victim airborne aircraft for a TIS-B channel.

D.4.4 Summary of VM4 interferer channel occupancy

Table D-3 summarises the channel loading to be tested for a VM4 interferer.

	Channel type
	Channel loading of interferer

	
	Scenario 1

Aircraft on ground vs aircraft on ground
	Scenario 2

Aircraft on ground vs ground station
	Scenario 4

Aircraft vs aircraft both airborne

	
	
	Case A – ground station as interferer
	Case B – aircraft as interferer
	

	ADS-B
	6.7 %
	3.3 %
	6.7 %
	0.44 %

	
	5 x 1-slot per second
	3  x 1-slot plus 1 x 2-slot per two seconds
	5 x 1-slot per second
	1 x 1-slot per three seconds

	Point-to-point comms
	1.7 %
	40 %
	1.7 %
	0.33 %

	
	5 x 1-slot and 5 x 2-slot per 12 seconds
	10 x 1-slot plus 10 x 2-slot per second
	5 x 1-slot and 5 x 2-slot per 12 seconds
	1 x 1-slot and 1 x 2-slot per 12 seconds

	TIS-B
	0 %
	90 %
	0 %
	0 %

	
	-
	11 x 6-slot per second
	-
	-


Table D-3: Channel occupancy of a VM4 interferer to be used in testing

D.4.5 Summary of VM4 victim channel occupancy

Table D-4 summarises the channel occupancy to be tested for a VM4 victim station.

	Channel type
	Channel loading of victim

	
	Scenario 1

Aircraft on ground vs aircraft on ground
	Scenario 2

Aircraft on ground vs ground station
	Scenario 4

Aircraft vs aircraft both airborne

	
	
	Case A – aircraft as victim
	Case B – ground station as victim
	

	ADS-B
	1.3 %
	1.3 %
	3.3 %
	0.44 %

	
	1-slot per second
	1-slot per second
	3 x 1-slot and 1 x 2-slot per two seconds
	1 x 1-slot per three seconds

	Point-to-point comms
	0.33 %
	0.33 %
	40 %
	0.33 %

	
	1 x 1-slot and 1 x 2-slot per 12 seconds
	1 x 1-slot and 1 x 2-slot per 12 seconds
	10 x 1-slot and 10 x 2-slot per second
	1 x 1-slot and 1 x 2-slot per 12 seconds

	TIS-B
	0 %
	0 %
	90 %
	0 %

	
	-
	-
	11 x 6-slot per second
	-


Table D-4: Channel loadings to be tested for a VM4 victim station

D.4.6 Summary of VM4 mobile and ground station loadings

Table D-5 summarises the channel occupancy to be tested for a VM4 interferer and victim for both mobile and ground stations. For each case, both the percentage load and a possible equivalent slot pattern is given.

	Max load
	ADS-B
	Point-to-Point
	TIS-B

	For mobile interferer
	6.7%
	1.7%
	0%

	
	5 x 1-slot per second
	5 x 1-slot and 5 x 2-slot per 12 seconds
	-

	For mobile victim
	1.3%
	0.3%
	0%

	
	1-slot per second
	1 x 1-slot and 1 x 2-slot per 12 seconds
	-

	For ground station interferer
	3.3%
	40%
	90%

	
	3  x 1-slot plus 1 x 2-slot per two seconds
	10 x 1-slot plus 10 x 2-slot per second
	11 x 6-slot per second

	For ground station victim
	3.3%
	40%
	90%

	
	3  x 1-slot plus 1 x 2-slot per two seconds
	10 x 1-slot plus 10 x 2-slot per second
	11 x 6-slot per second


Table D-5: Summary of VM4 mobile and ground station loadings
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