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1 Introduction

This paper describes a testing plan to investigate the frequency behaviour of the VDL Mode 4 (VDL4) radio in support of the activities of ACP WGB (previously AMCP WGB), which is tasked with defining frequency planning criteria for VDL Mode 4.

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.

A limited testing with the then available VDL Mode 4 equipment was undertaken by EUROCONTROL in July 2002. Although the test was not complete, it revealed problems with the performance of the equipment tested. Subsequently the manufacturer analysed further the equipment that was tested and manufacturing problems were reported with the used equipment. ACP/WGB decided to wait for new testing results before proceeding with the work. The testing report from the July 2002 testing campaign has been submitted to WGB as Working Paper 04 in the WGB 13th meeting (WGB13WP04). Furthermore a number of teleconferences were held following the testing in 2002 and the outcome of these discussions has been submitted to WGB as Working Paper 04 in the WGB 15th meeting (WGB15WP04). Finally a relevant paper to the ground scenarios considerations was also submitted to the same WGB meeting as Working Paper 08 (WGB15WP08). This version of the document takes into account the decisions of the WGB based on the above input papers and provides other updates as appropriate (information in relation to the airborne cosite scenario which now is considered in ICAO, updates on the channel loading figures based on further analysis. 
In the WGB15th meeting it was agreed to update the testing plan and circulate it among the WGB members for comments and the updated testing plan should be used for future testing activities. If any of the provisions of this testing plan would need modification when carrying out the testing, this should be reported and explained to WGB together with the testing outcome.
1.1 Current status of related activities (October 2004)
This document presents the information necessary to test the VDL Mode 4 system operation against various other systems operating in the VHF aeronautical band. The test methods specified in Annex B and the supporting information on test parameters specified in Annex C cover both the AM(R)S (COM) band and the ARNS (NAV) band. However at present, there are discussions between the Swedish CAA (LFV), CNS Systems and EUROCONTROL to carry out tests in the COM band only, when the VDL Mode 4 equipment becomes available. These tests will consider the operation of DSB-AM (voice), VDL Mode 2 and VDL Mode 4.
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 VDL4 are VHF voice (DSB-AM 25 kHz and 8.33 kHz), VDL Mode 2 (VDL2), VDL Mode 3 (VDL3), and ACARS.

For VHF voice and VDL2, it will be necessary to check that they do not interfere with VDL4 operation, and the reverse, that operation of VDL4 does not interfere with these services.

In theory, testing that VDL3 does not interfere with VDL4, and vice versa, would be required. For VDL3 however, future implementation is uncertain. Therefore this testing is included for completion, but it may not be carried out eventually.

It will also be important to test that VDL4 operation is not adversely affected by ACARS transmissions. However since ACARS is not recognised by ICAO, testing for interference to ACARS operation caused by VDL4 is not currently required, but may nevertheless be desirable.

The combination of testing that is required to be performed for operation of VDL4 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 VDL4.

In the table, shading means testing not relevant to VDL4 testing, ‘r’ means testing is required, and ‘d’ means testing is desired but may not be required.

	Interferer
	DSB-AM
	VDL4
	VDL2
	VDL3

	Victim
	25 kHz
	8.33 kHz
	
	
	

	DSB-AM (25 kHz)
	
	
	r
	
	

	DSB-AM (8.33 kHz) 
	
	
	r
	
	

	VDL4
	r
	r
	r
	r
	d

	VDL2
	
	
	r
	
	

	VDL3
	
	
	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 VDL4 also in the ARNS band (known also as the NAV band)
.

WRC2003 decided that the NAV band could also be used to assign frequencies to VDL4. However, WRC2003 also stipulated that priority in allocations should be given to the navigation services. Therefore this possibility could only be exercised if the capacity of the NAV band would allow VDL4 assignments. Investigations and analysis of the channel requirements for the navigation services taking into account the current and future requirements will be required to investigate this option. Currently, the priority in the testing will be given for the COM band allocation. The section for the VHF NAV band serves as a placeholder for future work.

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 VDL4 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 VDL4.

	Interferer
	VDL4
	ILS
	VOR
	GBAS

	Victim
	
	
	
	

	VDL4
	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 VDL4 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.

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 updated list of scenarios is reproduced for reference in Annex A of this paper.
The following remarks are made in relation to the applicability of these scenarios to VDL4 operations.

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

This scenario is applicable to VDL4. 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 VDL4. 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 VDL4. 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 VDL4. The interference tests detailed in Section 2.1 shall be used.

Scenario 5: airborne co-site

This scenario is not considered in this testing plan. 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 VDL4 frequency planning criteria.

However the airborne co-site scenario is an important issue which needs to be addressed. If VDL4 will operate in parallel with voice or any VDL then this implies the possibility of additional co-site interference.
Recent discussions in ICAO (ANConf/11) have highlighted the criticality and importance of the airborne cosite scenario. ACP is now tasked to investigate this further. A separate testing plan is being pursued for the investigations of the airborne co-site scenario.
Scenario 6: ground station vs ground station including co-site

This scenario is not applicable to VDL4. 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 VDL4 frequency planning criteria.

The six scenarios above cover all the potential situations likely to be encountered during use of VDL4. Therefore the examination of Scenarios 1, 2 and 4 will provide all the necessary information required for the determination of the frequency planning criteria. The cosite scenarios will be addressed separately.
Earlier testing results with VDL Mode 4 equipment suggest that the most critical cases are the aircraft on the ground scenarios (scenarios 1 and 2) where the stations come in closest proximity.

It is important to note that based on an investigation into typical signal levels (encountered operationally in the current environment) on an airport surface, WGB has approved an increase of the minimum desired signal for all ground scenarios to –82 dBm. Information on this is provided in the [17] and [18].
Furthermore WGB is considering the relaxation of the protection distance (for VDL Mode 4 only) in scenario 1 to 300m. The feasibility of this is to be assessed on an application by application basis and there is no agreement for this at this stage.
3 Test methods

The test methods to be used in performing the VDL4 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 VDL4, VDL2, 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 used by WGB for previous VDL testing. Therefore, it will not be used in the VDL4 tests.

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

	Interferer
	DSB-AM
	VDL4
	VDL2
	VDL3
	ACARS
	VOR
	ILS
	GBAS

	Victim
	25 kHz
	8.33 kHz
	
	
	
	
	
	
	

	DSB-AM (25 kHz)
	
	
	2
	
	
	
	
	
	

	DSB-AM (8.33 kHz) 
	
	
	2
	
	
	
	
	
	

	VDL4
	3
	3
	3
	3
	3
	3
	3
	3
	3

	VDL2
	
	
	3
	
	
	
	
	
	

	VDL3
	
	
	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.
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 (cosite), 1st, 2nd, 3rd, 4th, 5th, 10th, 20th, and 40th adjacent channels.

4.1.2 Test frequencies in the NAV band

As VDL4 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 AMCP 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: fVDL4 = fVOR ( 0 (or 25, or 50, or 75, or 100) kHz.

For the ILS test, the following test frequencies were agreed at the AMCP 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: fVDL4 = fILS ( 0 (or 25, or 50, or 75, or 100) kHz.

For the GBAS test, the following test frequencies were agreed at the AMCP 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: fVDL4 = fGBAS ( 0 (or 25, or 50, or 75, or 100) kHz.

It is important to note that although the VDL4 SARPs recommend the operation in the 108 to 137 MHz band, the EUROCAE/ETSI specifications (MOPS/ENs) of the VDL Mode 4 airborne/ground equipment are expected to assume operation only above 112 MHz. This is in order to provide a frequency margin with the FM broadcast allocations and to avoid the ILS allocations.
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 VDL4 tests. The figures given here impact upon the channel loading parameters for VDL4, both as interferer and victim, and are cited in the tables in Annex B.

The channel loading depends on the type of VDL4 channel, and thus a realistic traffic loading has been developed for dedicated ADS-B, TIS-B, and point-to-point communications channels. The details of the derivation of the estimates of traffic load are given in Annex D.

Table 4-1 summarises the worst case channel occupancy derived in Annex D to be tested for a VDL4 interferer and victim for both mobile and ground stations. Annex D considers each scenario separately to estimate a realistic worst case loading, based on estimates of aircraft traffic (such as distribution of aircraft on an airport surface) and sources of predicted datalink traffic (TLAT [14] for broadcast channels and Link2000+ for point to point channels [19]). The latter predicted traffic levels are augmented to consider future applications as appropriate. For each case, both the percentage load and a possible equivalent slot pattern are given.
If the need arises to consider more specific cases for the testing, Tables D-8 and D-9 may be used to provide more detailed loading figures for the required scenarios.
	Max load
	ADS-B
	Point-to-Point
	TIS-B

	For mobile interferer
	1.3%
	2%
	0%

	
	1 x 1-slot per second
	5x 1-slot, 4x 2-slot, 1x 3-slot and 1x 4-slot every 13 seconds
	-

	For mobile victim
	8%
	27%
	30%

	
	8x 1-slot, 2x 2-slot every 2 seconds 
	75x 1-slot, 45x 2-slot, 15x 3-slot and 15x 4-slot every 13 seconds
	-1 x 1-slot and 684 x 2-slot per 60 seconds

	For ground station interferer
	1%
	7%
	30%

	
	8  x 1-slot per 60 seconds 
	15x 1-slot, 5x 2-slot, 3x 3-slot and 1x 4-slot message every 7 seconds 
	1 x 1-slot and 684 x 2-slot per 60 seconds

	For ground station victim
	7%
	20%
	0%

	
	5 x 1-slot per  second
	70x 1-slot, 30x 2-slot, 10x 3-slot and 10x 4-slot every 13 seconds 
	-


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

Based on the experience from the initial testing in 2002, it has been discussed in WGB that using greater channel loadings (100% or close) the required testing time would be reduced. WBG has therefore recommended that assuming a method to link the required MER for the realistic channel loadings with the MERs corresponding to increased (100%) channel loads
 is agreed, to conduct the testing using increased channel loads. However at this stage, there is no firm proposal to link the MER of realistic loading with the equivalent MER assuming 100% channel loading.
4.3 Derivation of frequency planning criteria
The adjacent channel rejection figures obtained from the test measurements are used in the derivation of the required protection distances applicable to each scenario. These distances are used as a basis for calculating the guard band requirements necessary to define the frequency planning criteria.

For the scenarios considered, the free-space propagation model is assumed. The protection distance in nautical miles, D, can be thus calculated for methods 2 and 3 (see section 3) as follows:
20lgD[NM] = ACR[dB]– PDES[dBm]+ PUNDES[dBm]– 20lgF[MHz]– 37.8+GUNDES[dB]+ LUNDES[dB]
where:

· PDES is the power of the desired (victim) signal;

· PUNDES is the power of the undesired (interferer) signal;

· 37.8 is the free-space constant (in dB);

· F is the frequency which should be set to one of the victim frequencies 119 MHz, 128 MHz, and 136 MHz as agreed by AMCP WGB/9;
· ACR is the adjacent channel rejection figure (D/U ratio in dB) achieved from the test measurements;

· G is the antenna gain for the interferer system (see C.8.1 – C.8.3);

· L is the cable loss for the interferer system (see C.8.1 – C.8.3).
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.

VDL2, VDL4 (and VDL3)

· Airborne equipment;

· Ground equipment.

VOR, ILS, GBAS

· Airborne equipment;

· Ground equipment.
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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 VDL2 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. 
Therefore, the physical separation between the victim and interfering aircraft to be used for the VDL4 testing is 210m.

	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 VDL2 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.
Therefore, the physical separation between the victim and interfering aircraft or ground station to be used in the VDL4 testing is 750m.

	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:
Ground 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: ACP/WGB proposed scenarios for development of frequency planning criteria
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 Section B.1 were agreed 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 described in Section B.2 were approved at AMCP WGB 12th meeting. The test for GBAS has been reviewed by the Spectrum Sub-Group meeting of GNSSP WGB, held April 8th-12th 2002.

B.1 Test Methods for use in the VHF COM Band

B.1.1 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.1.1.1 Test setup for D/U test

The equipment to be used in the D/U test is shown in Figure B-1.

[image: image1.wmf]AM Receiver

Under Test

RF 

Combiner

RF

Attenuator

RF

Attenuator

Desired  AM

Signal Source

Undesired

VDR Signal

Source

Audio

Recorder


Figure B-1: Test setup required for the D/U signal test

B.1.1.2 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.1.2 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.1.2.1 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.1.2.2 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 VDL4 as interferer, the channel loading scenarios as given in Table 4-1 shall be used.

B.1.2.3 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.1.2.4 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 (mobile victim) or –93 dBm (ground station victim), 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 VDL4 as interferer, the channel loading scenarios as given in Table 4-1 shall be used.

B.1.2.5 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.1.2.6 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 (mobile victim) or –93 dBm (ground station victim), 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 12 dB below the nominal audio peak level (the audio pulse level is a quarter 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 a quarter of the nominal audio peak level, which means that S/P is now equal to 12 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 VDL4 as interferer, the channel loading scenarios as given in Table 4-2 shall be used.

B.1.3 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.1.3.1 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.1.3.2 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 (ground scenario) or –88 dBm (airborne scenario). 

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 VDL4 as victim, the channel loading scenarios as given in Table 4-1 shall be used.

B.2 Test Methods for use in the VHF NAV Band

B.2.1 Test method 4: VOR test

This test method can be used to assess the impact of a VDL4 signal on a VOR victim receiver and is based on the changes in selected VOR bearing or VOR flag indication.

B.2.1.1 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.2.1.2 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 VDL4 as interferer, the channel loading scenarios as given in Table 4-1 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.2.2 Test method 5: ILS test

This test method can be used to assess the impact of a VDL4 signal on a ILS victim receiver and is based on ITU-R IS.1009-1 [9] and ITU-R IS.1140 [10] recommendations.

B.2.2.1 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.2.2.2 Test procedure for ILS test

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

For the case of VDL4 as interferer, the channel loading scenarios as given in Table 4-1 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 ILS receiver under test. 

B.2.3 Test method 6: GBAS test

This GBAS test method has been inserted since the AMCP WGB 12th meeting. The GBAS test method was also presented at the Spectrum Sub-Group of GNSSP WGB.
This test method is proposed for use in assessing the impact of a VDL4 signal on a GBAS victim receiver. The method described below is based on criteria defined in draft GNSS ICAO SARPs [12], and in RTCA DO-253A MOPS [13].

B.2.3.1 Test setup for GBAS test

The equipment proposed to be used in the GBAS test is shown in Figure B-7. It is derived from the VOR/ILS tests described above and from the GBAS/VOR test setup in Figure 2-22 of Ref. 13.
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Figure B-7: Test setup for the GBAS test

Note: the attenuator values X, Y, and Z remain to be confirmed.
B.2.3.2 Test procedure for GBAS test

The steps proposed to be performed for the GBAS test are as follows:

1) Connect the equipment as shown in Figure B-7.

2) Set the desired VDB signal level such that the level at the input to the VDB receiver is Smin = -87 dBm [Ref. 12: Section B.3.6.8.2.2.3, Ref. 13: Section 2.2.5].

3) Command the VDB Message/Signal Generator to generate full-length (222 bytes) application data messages, and to transmit using 8 slots per frame, a total of 16 messages per second [Ref. 12: Section B.3.6.8.2.2.3, Ref. 13: Sections 2.2.5, 2.5.2.1.2].

4) Command the VDL4 Message/Signal Generator to produce bursts in accordance with the channel loading figures in Table 4-1. 

5) Tune the VDB Message/Signal Generator, and VDB Receiver to the first VDB test frequency, 109.000 MHz.

6) Tune the undesired VDL4 Message/Signal generator to the centre of the VDB test frequency, for the first co-channel measurement. 

7)  Increase the power of the undesired VDL4 signal until the Message Error Rate at the VDB Receiver increases with statistical certainty above 1 failed messages in every 1000 [Ref. 12: Section B.3.6.8.2.2.3, Ref. 13: Sections 2.2.5, 2.5.2.1.2]. When this occurs, measure the undesired VDL4 signal level at the input to the victim VDB receiver 

Note: It was agreed at the Spectrum Sub-Group of GNSSP WGB, which discussed the GBAS test method, to perform each GBAS MER test with 15,000 received messages, with a pass criterion of 15 or fewer failed messages.

8)  Repeat steps 6 and 7 by re-tuning the undesired VDL4 Message/Signal generator to the adjacent channel frequencies identified in Section 4.1.2 (( 25, 50, 75, or 100 kHz).

9)  Repeat steps 6 to 8 by re-tuning the desired VDB Message/Signal generator to the next VDB test frequencies identified in Section 4.1.2 (112.000 MHz and 117.000 MHz).

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.1.1 to C.2.2, and in the second table of Section C.2.3, were approved at the 10th, 12th and 15th meetings of AMCP WGB.

Proposed GBAS parameters have been inserted since the AMCP WGB 12th meeting. Note that in the following tables the only parameters that remain to be agreed at AMCP WGB 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 were communicated by the AMCP WGB rapporteur to the Spectrum Sub-Group of the GNSS Panel for comments.

C.1 Parameters for use in tests in the VHF COM Band

C.1.1 VDL4 vs DSB-AM

VDL4 Interferer / DSB-AM Victim:

	Parameter
	Value
	Comment

	Minimum desired signal at the antenna
	Aircraft
	-82 dBm
	SARPs values [Note 1]



	
	Ground station
	-93 dBm
	

	Signal to Pulse Ratio:
	12 dB
	A testing campaign that involved a listeners’ panel was carried out by LFV to assess the impact of VDL mode 4 signals on the reception quality of DSB-AM signals. The results were presented in AMCP WGB 13th meeting (WP7) were it was established that the appropriate S/P value for VDL Mode 4 is 12dB.

	Signal plus Noise to Noise Ratio:
	6 dB
	

	Channel load of the interferer
	See Table 4-1
	


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

Note to reader – In tables C.1 through C.7, the minimum desired signal specified in the first row is the minimum signal at the victim’s antenna. This is specified for both aircraft and ground stations. In the case of the VDL4 victim, two figures specified for the airborne station; one for the ground scenario and another for the airborne scenario. In all cases, the signal level at the receiver input terminal is obtained by subtracting 1dB for ground stations and 3dB for aircraft (these latter figures being the combination of feeder losses and antenna gains).

DSB-AM Interferer /VDL4 Victim 

	Parameter
	Value
	Comment

	Minimum desired signal at the antenna

	Aircraft
	-82 dBm (ground)

-88 dBm (airborne)
	The SARPs value is -88 dBm [Note 2].

The value of –82 dBm was agreed by WGB as representative signal level for the ground scenario.



	
	Ground station
	-82 dBm 
	

	Bit Error Rate
	1 in 104 (uncorrected)
	If this cannot be measured then a message error rate of 2 in 102 may be used. (this is true for a one slot configuration)

	Channel load of the victim
	See Table 4-1
	


Note 2: Refers to SARPs for VDL4 [4].

C.1.2 VDL4 vs VDL2
VDL4 Interferer / VDL2 Victim:

	Parameter
	Value
	Comment

	Minimum desired signal at the antenna
	Aircraft
	-82 dBm
	SARPs values [Note 1]



	
	Ground station
	-93 dBm
	

	Bit Error Rate
	1 in 103 (uncorrected)
	MOPS value [Note 2]

	Channel Loading
	Victim


	20 %


	

	
	Interferer
	See Table 4-1
	


Note 1: Refers to SARPs for VDL2 [4].

Note 2: Refers to MOPS for VDL2 [5].

VDL2 Interferer /VDL4 Victim 

The last row of the following table has been corrected since the AMCP WGB 12th meeting, (following comments received at the AMCP WGM 4th meeting).

	Parameter
	Value
	Comment

	Minimum desired signal at the antenna

	Aircraft
	-82 dBm (ground)     -88 dBm (airborne)
	-88 dBm SARPs value [Note 3]. –82 dBm agreed by WGM as representative signal for ground scenario.



	
	Ground station
	-82 dBm
	

	Bit Error Rate
	1 in 104
(uncorrected)
	If this cannot be measured then a message error rate of 2 in 102 may be used. (this is true for a one slot configuration)

	Channel Loading
	Victim


	See Table 4-1


	

	
	Interferer
	2 %
	


Note 3: Refers to SARPs for VDL4 [4].

C.1.3 VDL4 vs VDL3
This section is provided for completeness only. No testing against VDL3 is planned at this stage. This is due in part to lack of VDL3 equipment availability.

VDL4 Interferer / VDL3 Victim

	Parameter
	Value
	Comment

	Minimum desired signal at the antenna

	Aircraft
	-82 dBm
	SARPs values [Note 1]



	
	Ground station
	-93 dBm
	

	Bit Error Rate
	1 in 103
(uncorrected)
	SARPs value [Note 1]

	Channel Loading
	Victim


	TBD
	

	
	Interferer
	See Table 4-1
	


Note 1: Refers to SARPs for VDL3 [4]

VDL3 Interferer /VDL4 Victim 

	Parameter
	Value
	Comment

	Minimum desired signal at the antenna

	Aircraft
	-82 dBm (ground)     -88 dBm (airborne)
	-88 dBm SARPs value [Note 1]. –82 dBm agreed by WGM as representative signal for ground scenario.



	
	Ground station
	-82 dBm
	

	Bit Error Rate
	1 in 104
(uncorrected)
	If this cannot be measured then a message error rate of 2 in 102 may be used. (this is true for a one slot configuration)

	Channel Loading
	Victim


	See Table 4-1
	

	
	Interferer
	TBD
	


C.1.4 VDL4 vs VDL4
VDL4 Interferer /VDL4 Victim 
	Parameter
	Value
	Comment

	Minimum desired signal at the antenna
	Aircraft
	-82 dBm (ground)   -88 dBm (airborne)
	-88 dBm SARPs value [Note 1]. –82 dBm agreed by WGM as representative signal for ground scenario only.



	
	Ground station
	-82 dBm
	

	Bit Error Rate
	1 in 104
(uncorrected)
	If this cannot be measured then a message error rate of 2 in 102 may be used. (this is true for a one slot configuration)

	Channel Load
	Victim


	See Table 4-1
	

	
	Interferer
	See Table 4-1
	


Note 1: Refers to SARPs for VDL4 [4].

C.2 Parameters for use in tests in the VHF NAV Band
C.2.1 VDL4 vs VOR

VDL4 Interferer / VOR  Victim:

	Parameter
	Value
	Comment

	Minimum desired signal at the antenna
	Aircraft 


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



	
	Ground station
	-79 dBm
	

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


	Bearing


	( 0.3°
	ITU-R IS.1140

	
	Current
	4.5 (A
	

	
	Flag
	for 1 s
	

	Channel Load
	Victim


	Continuous
	

	
	Interferer
	See Table 4-1
	


VOR Interferer / VDL4 Victim:

	Parameter
	Value
	Comment

	Minimum desired signal at the antenna
	Aircraft
	-82 dBm (ground)       -88 dBm (airborne)
	-88 dBm SARPs value [Note 1]. –82 dBm agreed by WGM as representative signal for ground scenario only.



	
	Ground station
	-82 dBm
	

	Bit Error Rate
	1 in 104
(uncorrected)
	If this cannot be measured then a message error rate of 2 in 102 may be used. (this is true for a one slot configuration)

	Channel Load


	Victim
	See Table 4-1
	

	
	Interferer
	Continuous
	


Note 1: Refers to SARPs for VDL4 [4].

C.2.2 VDL4 vs ILS

VDL4 Interferer / ILS  Victim:

	Parameter
	Value
	Comment

	Minimum desired signal at the antenna
	Aircraft
	-86 dBm
	ICAO and RTCA/DO-195 reference signal level



	
	Ground station
	-86 dBm
	

	Change in course deflection current or appearance of the flag
	Current


	4.5 (A
	ITU-R IS.1140

	
	Flag
	for 1 s
	

	Channel Load
	Victim


	Continuous
	

	
	Interferer
	See Table 4-1
	


ILS Interferer / VDL4 Victim:

	Parameter
	Value
	Comment

	Minimum desired signal at the antenna
	Aircraft
	-82 dBm (ground)   -88 dBm (airborne)
	SARPs value [Note 1]

SARPs value [Note 1]

	
	Ground station
	-88 dBm
	

	Bit Error Rate
	1 in 104
(uncorrected)
	If this cannot be measured then a message error rate of 2 in 102 may be used. (this is true for a one slot configuration)

	Channel Load
	Victim


	See Table 4-1
	

	
	Interferer
	Continuous
	


Note 1: Refers to SARPs for VDL4 [4].

C.2.3 VDL4 vs GBAS

The parameters in the following table will require approval at AMCP WGB.

VDL4 Interferer / GBAS Victim:

	Parameter
	Value
	Comment

	Minimum desired signal at the antenna
	Aircraft
	-87 dBm
	SARPs value [Note 1]

SARPs value [Note 1]

	
	Ground station
	-87 dBm
	

	Message Error Rate
	1 in 103
	SARPs value [Note 1]

Note that BER measurement may be an alternative

	Channel Load
	Victim


	16  222-byte messages per sec


	

	
	Interferer
	See Table 4-1
	


Note 1: Refers to SARPs for GNSS [12].

GBAS Interferer / VDL4 Victim:

	Parameter
	Value
	Comment

	Minimum desired signal at the antenna
	Aircraft
	-82 dBm (ground)   -88 dBm (airborne)
	SARPs [Note 2]

SARPs [Note 2]

	
	Ground station
	-88 dBm
	

	Bit Error Rate
	1 in 104
(uncorrected)
	If this cannot be measured then a message error rate of 2 in 102 may be used. (this is true for a one slot configuration)

	Channel Load
	Victim


	See Table 4-1
	

	
	Interferer
	Continuous
	


Note 2: Refers to SARPs for VDL4 [4].
C.3 Physical layer parameters

C.3.1 DSB-AM

Airborne

	Transmitter
	Value
	Comment

	Power output (at the transmitter output terminal)
	44 dBm 

	ICAO WG-B/16 WP14, Table 1


	Feeder loss
	3 dB
	ICAO WG-B/16 WP14, Table 1


	Antenna gain
	0 dB 

	ICAO WG-B/16 WP14, Table 1



	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
	ICAO WG-B/16 WP14, Table 1


	Antenna gain
	0 dB
	ICAO WG-B/16 WP14, Table 1



Ground

	Transmitter
	Value
	Comment

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

	Feeder loss
	3 dB
	ICAO WG-B/16 WP14, Table 1


	Antenna gain
	2 dB
	ICAO WG-B/16 WP14, Table 1


	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
	ICAO WG-B/16 WP14, Table 1


	Antenna gain
	2 dB
	ICAO WG-B/16 WP14, Table 1



C.3.2 VDL Modes 2 and 3

Airborne and ground

	Transmitter
	Value
	Comment

	Power output (at the transmitter output terminal)
	42 dBm (on channel VDL Mode 2 for aircraft)

44 dBm (on channel VDL Mode 2 for ground station)

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)
	ICAO WG-B/16 WP14, Table 1
ICAO WG-B/16 WP14, Table 1
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
	ICAO WG-B/16 WP14, Table 1


	Antenna gain
	0 dB (aircraft)

2 dB (ground station)
	ICAO WG-B/16 WP14, Table 1
ICAO WG-B/16 WP14, Table 1



	Receiver
	Value
	Comment

	Minimum expected signal at the antenna
	20(V/m

(-93dBm (isotropic Antenna)
	Annex 10  Volume 3, Part I, Para 6.3.5.2

	Undesired signal rejection
	40 dB (1st Adjacent channel)

60 dB (4rd Adjacent channel)
	

	Feeder loss
	3 dB
	ICAO WG-B/16 WP14, Table 1


	Antenna gain
	0 dB (aircraft)

2 dB (ground station)
	ICAO WG-B/16 WP14, Table 1
ICAO WG-B/16 WP14, Table 1



C.3.3 VDL MODE 4

Airborne and ground
	Transmitter
	Value
	Comment

	Power output (at the transmitter output terminal)
	43 dBm (for aircraft)

45 dBm (for ground stations)

-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)
	ICAO WG-B/16 WP14, Table 1
ICAO WG-B/16 WP14, Table 1
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
	ICAO WG-B/16 WP14, Table 1

	Antenna gain
	0 dB (aircraft)

2 dB (ground station)
	ICAO WG-B/16 WP14, Table 1


	Receiver
	Value
	Comment

	Minimum expected signal at the antenna
	-88dBm (all stations, airborne scenario)

-82dBm (all stations, ground scenario)
	SARPs (Annex 10 Volume 3, Part I, Para 6.9.5.1.1.1.) value specifies -88 dBm (35(V/m) at the antenna.

WGB agreed that -88 dBm is valid for airborne scenarios, and –82 dBm is valid for ground scenarios (-85dBm at the receiver input considering feeder loss).

	Undesired signal rejection
	40 dB (1st Adjacent channel)

60 dB (4rd Adjacent channel)
	SARPs (Annex 10 Volume 3, Part I, Para 6.3.5.3 and 6.3.5.3.1)

	Feeder loss
	3 dB
	ICAO WG-B/16 WP14, Table 1

	Antenna gain
	0 dB (aircraft)

2 dB (ground station)
	ICAO WG-B/16 WP14, Table 1


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.

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 the ICAO VDL Mode 4 Manual (Part II). 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 ICAO VDL4 Manual specifies a minimum requirement of one synchronisation burst transmitted per channel per minute, however, the default rate for transmission of sync bursts for ADS-B is 6 bursts per channel per minute, or one message transmitted by one station every ten seconds.

D.1.2 Maximum continuous 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. However this precautionary measure is provided in the event of a technical failure in the equipment to prevent a stuck transmitter. 

During normal operations the transmitter is expected to remain continuously active at most for fractions of a second at any one time. For broadcast applications, the longest transmission (a synchronisation burst containing a variable part with 4 TCPs) is 2 slots long, or about 26 milliseconds. For point to point communications, the VDL Mode 4 DLS protocols limit the length a burst to 5 slots, or about 67 milliseconds. Any packet larger than this limit is fragmented and sent in separate bursts.
D.2 Channel loading from aircraft transmissions
D.2.1 Aircraft transmissions on ADS-B channel

D.2.1.1 ADS-B transmissions 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 according to the application requirements (every few seconds).

In estimating likely message reporting rates, reference has been made to the VDL4 channel management schemes described in the TLAT report [14]. 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. Note that the figures in Tables D-1 and D-2 are expressed on a per channel basis.
	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

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 transmissions from aircraft in the air

Reference is again made to the VDL4 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 (final approach)
	Fixed and basic
	1

	Medium density
	5.5 (unmanaged airspace)
	Fixed and basic
	1

	
	0.5
	Fixed and aircraft data, TCP, TCP+1, TCP+2, TCP+3
	2

	High density 
	20  (final approach/ climb out)
	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 transmissions 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. Initial channel loading estimates have been derived for the transport of the current Link2000+ set of applications over VDL Mode 4 [19]. The estimates are based on a 90 minute flight consisting in a 7 minute ground phase and a 55 minute en route phase, and 10 minutes each for the climb and descent phases. The pre-flight, taxi and post-flight phases apply to the ground scenarios (1 and 2), while the en route phase applies to the airborne scenario (scenario 4).
The figures proposed in [19] are used as a baseline to estimate a typical channel loading for Link2000+ services. A multiplication factor is then applied to the baseline figures to take into account additional loading due to future services operating on the same channel (such as CASCADE). 

However, the channel loads derived in [19] are calculated upon the number of slots used during the entire flight phase and are thus coupled with the profile of the individual flight. Considering the ground scenario as an example, the estimated channel load is calculated over a period of 7
 minutes. In order to provide a set of generic values that are independent from the individual flight, the instantaneous loading is considered instead
. This is calculated on the timeframe of a single exchange, and considering the longest message length. Although this represents a worst case, there is a variation from one application to another, thus the averaged instantaneous load across the applications is considered.
The following table provides an indication of the peak instantaneous channel loading per aircraft, applicable throughout the period of a single application exchange
, for all the services considered in [19].
	Service
	Applicable scenario
	Instantaneous downlink load (%)

	DLIC
	Ground
	1.3

	DCL
	
	0.3

	D-ATIS
	
	1.0

	Ground scenario average channel load (%)
	0.9

	ACM
	Airborne
	1.7

	ACL
	
	1.0

	DSC
	
	0.6

	Airborne scenario average channel  load (%)
	1.1


Table D-3: Typical downlink channel loading based on Link2000+ services only
Future deployment of additional data link applications is expected throughout the migratory path to ATN. Additional applications (seven at this stage) are considered in the CASCADE programme. These include CPDLC applications and data link Flight Information Service applications, whose operational scope cover both the ground and airborne scenarios. It is expected that these applications will contribute an additional load in the same order of the figures in the above table, so the averaged factor of 2
 is applied to the Link2000 loading, giving the overall point to point channel loading including CASCADE.
Thus considering this multiplication factor of 2 and the average instantaneous channel loads derived in Table D-3, a single aircraft transmitting on a point to point channel on the ground will contribute a channel load of 1.8%. Similarly, for a single aircraft transmitting on a point to point channel while airborne, the channel load is estimated at 2.2%. For simplicity and given the similarity of these average loadings, a figure of 2% is assumed for both the ground and airborne scenarios. 

D.2.2.1 Point-to-point transmissions from aircraft on the ground

Table D-4 provides a typical slot length distribution for the downlink of point to point messages on the ground, derived from the Link2000+ exchanges detailed in [19], and expressed in percentages.

	Number of x-slot messages per exchange

	1-slot
	2-slot
	3-slot
	4-slot

	50%
	30%
	10%
	10%


Table D-4: Typical channel loading configuration in the ground scenario
For a single aircraft transmitting on a point to point channel on the ground, the channel load is estimated at 2%, consisting in five 1-slot messages, four 2-slot messages, one 3-slot message and one 4-slot message every 13 seconds.

D.2.2.2 Point to point transmissions from airborne aircraft

Similarly, Table D-5 provides a typical slot length distribution for the downlink of point to point messages while airborne, derived from the Link2000+ exchanges developed in [19], and expressed in percentages.
	Number of x-slot messages per exchange

	1-slot
	2-slot
	3-slot
	4-slot

	50%
	50%
	-
	-


Table D-5: Typical channel loading configuration in the airborne scenario
For a single aircraft transmitting on a point to point channel while airborne, the channel load is estimated at 2%, consisting in one 1-slot message and one 2-slot message every 2 seconds.

D.2.3 Aircraft transmissions 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 transmissions
D.3.1 Ground station transmissions on an ADS-B channel

Ground Stations are required to transmit UTC time and position once a minute, for basic position reporting. Therefore the channel loading contribution from the ground station amounts to 1 slot per minute.
The ground station would also be expected to provide Directory of Service messages at regular intervals. The TLAT report [14] considers a reporting rate for DoS messages of between 5 and 12 minutes. It is expected that a ground station will decide the optimal rate based on current traffic loading and the amount of stations entering coverage. Therefore, the ground station may be required to transmit a DoS message up to once every 5 minutes. Assuming that this is done through DoS-only GSIFs, the channel load due to DoS transmissions is one slot every 5 minutes.
The ICAO Manual [22] provides guidelines to channel loading estimates for basic channel management scenarios. On entering the TMA the local ground station directs the aircraft to increase reporting rate on the GSC. Prior to final descent, the ground station directs aircraft to start reporting on the LSC. After landing, the ground station directs aircraft to stop reporting on the GSCs and to start reporting on the ground channel. A ground station typically commands a mobile into sleep mode when stationary or when moving within a certain range or velocity envelop. At a busy airport with an arrival rate of 2 aircraft per minute, the ground station contribution to directed requests (to airborne aircraft) is expected to be 15 slots per minute. On the ground, between aircraft parked at the gate and queuing aircraft it is expected that sleep mode commands are issued to half of the 11 aircraft on the airport surface (see D4.1), or about one sleep mode command every minute. Since the departure rate is in the same order of the arrival rate (see D.4.1), the same load is assumed for the departure traffic. Thus in total the contribution from ground directed requests is 35 slots per minute, or about 0.8%.
Thus in total, a figure of 1% will be assumed for the ground station load on an ADS-B channel, consisting in 25 1-slot messages and 10 2-slot messages per minute.
D.3.2 Ground station transmissions on point-to-point communications channel

The derivation of the ground station contribution to channel load is done in a similar manner to that for aircraft, as described in Section D2.2. The following table provides an indication of the instantaneous channel loading that the ground station contributes per aircraft. The figures are based on the Link2000+ services only. To account for future services (at least three ground-based services identified in CASCADE), this figure is augmented by a factor of two. Note that for the ground scenarios considered in this test plan (scenarios 1 and 2), only the ground channel loading is considered.
	Service
	Applicable scenarios
	Instantaneous  uplink
 load (%)

	DLIC
	Ground 
	0.3

	DCL
	
	0.1

	D-ATIS
	
	0.6

	Ground scenario average channel load (%)
	0.3


Table D-6: Typical uplink channel loading based on Link2000+ services only
For a ground station transmitting on a point to point channel, the channel load is estimated at 0.6% (2*0.3%) per aircraft operating in the scenario. This figure is multiplied by the number of aircraft on the channel.
	Number of x-slot messages per exchange

	1-slot
	2-slot
	3-slot
	4-slot

	60%
	20%
	15%
	5%


Table D-7: Typical channel loading configuration in the ground scenario [19]
For example, with 11 aircraft operational on the airport surface (see D4.1), the ground station contributes a loading of (0.6*11), or approximately 7%, consisting in fifteen 1-slot message, five 2-slot messages, three 3-slot messages and one 4-slot message every 7 seconds.
D.3.3 Ground station transmissions on TIS-B channel

On a dedicated TIS-B channel, all the transmissions would be expected to be uplink transmissions from the nearest ground station. The need for a dedicated TIS-B channel would depend on the proportion of mobiles that were not ADS-B capable. Therefore, in estimating a channel load for a TIS-B service it is necessary to consider the applicability of the scenarios. Furthermore, the design of TIVs (Traffic Information Volumes) is heavily dependant on traffic expectancies in the local area. For instance a present pre-operational deployment of TIS-B services at Stokholm Arlanda airport consists of 4 TIVs, all operating on the same frequency.

Since all TIS-B loading is due to a ground station, the applicable scenarios are the ground scenarios (2a and 2b). Channel capacity studies considering the 2015 Core European scenario [15] suggest that up to 10 TIVs can be served by one single channel provided slot reuse is optimal i.e. multiple adjacent TIVs could operate on the same channel. However it is unlikely that as many as 10 TIVs are deployed for a single ground station, in both the airborne and ground scenarios. The TIS-B service description [15] requires that a ground be capable of supporting a maximum of 4 TIVs. 

A typical TIS-B update period could be taken as 6 seconds [15]. This would support applications such as enhanced visual acquisition, extended visual acquisition and delegated en route separation. Each TIS-B management message and target message are assumed to be transmitted 10 times a minute. 

In the 2015 Core European scenario the instantaneous peak traffic load is 2000 aircraft which is an average of 50 aircraft per TIV. With the assumed TIS-B update period of 6 seconds, each target requires ten reports per minute, or 500 reports for all targets. Thus in total, the number of slots required by each ground station to support the TIS-B service per minute is:

·  1 one-slot blocking message;

·  10 two-slot TIS-B management messages;

·  334 slots for the 500 TIS-B target reports.

This yields an average channel load for each TIV of 355 slots, or 8 %. Considering as a worst case that the ground station should be capable of serving up to 4 TIVs, the traffic load seen on one channel with 200 TIS-B targets is of 30%.
D.4 Channel occupancy of interferer and victim channels
The following sections consider the interference of VDL Mode 4 on other systems (and on VDL Mode 4 itself). The overall channel loading due to VDL Mode 4 is derived by taking into account all stations present in the scenario. This is done on the basis of traffic assumptions for each scenario, as described in the relevant sections below.
D.4.1 Scenario 1: aircraft on the ground vs aircraft on the ground

This scenario foresees two aircraft situated at adjacent gates communicating on different frequencies with an assumed physical separation of 210m. Considering a ground traffic environment consistent with that described in D.2.2, and considering that the average hourly capacity of a large European airport consists in 35 arrival movements and 40 departure movements during the peak hour, it is assumed that the 7 minute timeframe considered for the ground scenario loading contains 11 movements
. It is assumed that that these aircraft are distributed at the gates, in the incursion area and outside the incursion area. For the ADS-B channel, the total channel loading due to all 11 aircraft for this scenario is calculated on the basis of the high-density figures in Table D-1.
1. ADS-B channel

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

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

Considering high density option 1 figures (see Table D-1), and a ground scenario consisting in 10 other victim aircraft (see D.4.1), it is assumed that the 10 aircraft are approximately evenly distributed across the gates (4 messages per minute), within the incursion zone (30 messages per minute) and outside the incursion zone (60 messages per minute). This yields a loading from the 10 aircraft of 7%. Thus the highest channel occupancy of the victim aircraft on the ground that is likely in normal operation is:

· 7 % duty cycle from 10 other aircraft, (5 1-slot messages per second);

2. Point-to-point communications channel

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

· 2 % duty cycle (five 1-slot messages, four 2-slot messages, one 3-slot message and one 4-slot message every 13 seconds).

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

· 20 % duty cycle from 10 other aircraft, consisting of 2% loading from each aircraft (70 1-slot messages, 30 2-slot messages, 10 3-slot messages and 10 4-slot messages every 13 seconds).
3. TIS-B channel

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

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

· 30 % duty cycle from the ground station (one 1-slot and 684 2-slot messages per minute).

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

This scenario involves an aircraft operating within a distance from the ground station on the airport surface. Two cases are considered, first when the aircraft is the victim and lastly, when the ground station is the victim.  In both cases, the distance between the aircraft and the ground station is 750 metres, as per the reference distance defined by ICAO WGB for Scenario 2 (see Annex A). To maintain consistency in the ground scenarios, 11 aircraft are assumed to operate at any one time, thus contributing to the victim channel. 
Case A: Victim aircraft on the ground within 750 metres of interfering VDL4 ground station antenna:

1. ADS-B channel

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

· 1 % duty cycle (25x 1-slot message and 10x 2-slot messages per minute).

The highest channel occupancy of a victim aircraft on the ground that is likely in normal operation is: 
· 1 % duty cycle from the ground station plus 7% duty cycle from 10 other aircraft, or 8% in total (eight 1-slot messages and two 2-slot message every two seconds).

2. Point-to-point communications channel

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

· 7 % duty cycle from the ground station (fifteen 1-slot message, five 2-slot messages, three 3-slot messages and one 4-slot message every 7 seconds ).

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

· 20 % duty cycle from 10 other aircraft plus 7% duty cycle from the ground station, or 27% in total (75 1-slot messages, 45 2-slot messages, 15 3-slot message and 15 4-slot message every 13 seconds).

3. TIS-B channel

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

· 30 % duty cycle from the ground station (one 1-slot and 684 2-slot messages per minute).

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

· 30 % duty cycle from the ground station (one 1-slot and 684 2-slot messages per minute).

Case B: Victim ground station antenna within 750 metres of an interfering VDL4 aircraft on the ground:

1. ADS-B channel

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

· 1.3 % duty cycle (one 1-slot messages per second);

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

· 7 % duty cycle from 11 other aircraft (five 1-slot messages every second).

2. Point-to-point communications channel

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

· 2 % duty cycle (five 1-slot messages, four 2-slot messages, one 3-slot message and one 4-slot message every 13 seconds );
The highest channel occupancy of a victim ground station that is likely in normal operation is:

· 20 % duty cycle from 10 aircraft (70 1-slot plus 30 2-slot plus 10 3-slot plus 10 4-slot every 13 seconds).
3. TIS-B channel

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

Zero channel occupancy is expected due for the victim ground station since the TIS-B ground station consists solely in a transmitting element.

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

This scenario involves aircraft operating in a volume of airspace. One of the aircraft is the victim operating on a given channel, and the other airborne aircraft is the source of VDL4 interference. The aircraft are considered to operate in a high density traffic configuration (see Table D-2) which is a typical worst case for operations in a TMA serving a busy airport.
1. ADS-B channel

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

· 0.4 % duty cycle from 1 airborne aircraft (one 1-slot message every 3 seconds).

Considering the high density scenario (see Table D-2), a timeframe of 10 minutes equivalent to the departure/arrival phase of a flight (see D2.2), and the airport arrival rate (35 per hour) and departure rate (40 per hour) per D4.1, an equivalent traffic level of 13 airborne aircraft contribute a channel loading of 20 slots per minute each. Thus the highest channel occupancy of a victim airborne aircraft that is likely in normal operation is:

· 5 % duty cycle from 12 other aircraft (twelve 1-slot message every 3 seconds).

2. Point-to-point communications channel

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

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

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

· 2 % duty cycle from the other aircraft and 9% duty cycle from the nearest ground station, or 11% in total (twenty 1-slot message, ten 2-slot messages, five 3-slot messages and one 4-slot message every 7 seconds ).
3. TIS-B channel

Zero channel occupancy is expected due to either an interferer airborne aircraft for a TIS-B channel.
The highest channel occupancy for a victim aircraft that is likely in normal operation is:

· 30 % duty cycle from the ground station (one 1-slot and 684 2-slot messages per minute).

D.4.4 Summary of VDL4 interferer channel occupancy

Table D-8 summarises the channel loading to be tested for a VDL4 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
	1.3%
	1 %
	1.3 %
	0.4 %

	
	1 x 1-slot per second
	25  x 1-slot plus 10 x 2-slot per 60 seconds
	1 x 1-slot per second
	1 x 1-slot per three seconds

	Point-to-point comms
	2 %
	7 %
	2 %
	2 %

	
	5x 1-slot, 4x 2-slot, 1x 3-slot and 1x 4-slot every 13 seconds
	15x 1-slot, 5x 2-slot, 3x 3-slot and 1x 4-slot message every 7 seconds
	5x 1-slot, 4x 2-slot, 1x 3-slot and 1x 4-slot every 13 seconds
	1x 1-slot and 1x 2-slot every 2 seconds

	TIS-B
	0 %
	30%
	0 %
	0 %

	
	-
	1 x 1-slot and 684 x 2-slot per 60 seconds
	-
	-


Table D-8: Channel occupancy of a VDL4 interferer to be used in testing

D.4.5 Summary of VDL4 victim channel occupancy

Table D-9 summarises the channel occupancy to be tested for a VDL4 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
	7 %
	8 %
	7 %
	5 %

	
	5x 1-slot per second
	8x 1-slot and 2x 2-slot every 2 seconds
	5 x 1-slot per  second
	12 x 1-slot per three seconds

	Point-to-point comms
	20 %
	27 %
	20 %
	11 %

	
	70x 1-slot, 30x 2-slot, 10x 3-slot and 10x 4-slot every 13 seconds
	75x 1-slot, 45x 2-slot, 15x 3-slot and 15x 4-slot every 13 seconds
	70x 1-slot, 30x 2-slot, 10x 3-slot and 10x 4-slot every 13 seconds
	20 1-slot,, 10 2-slot, 5 3-slot and 1 4-slot every 7 seconds

	TIS-B
	30%
	30%
	0 %
	30%

	
	1 x 1-slot and 684 x 2-slot per 60 seconds
	1 x 1-slot and 684 x 2-slot per 60 seconds
	-
	1 x 1-slot and 684 x 2-slot per 60 seconds


Table D-9: Channel loadings to be tested for a VDL4 victim station

D.4.6 Summary of VDL4 mobile and ground station loading

Table D-10 summarises the worst case channel occupancy for a VDL4 interferer and victim for both mobile and ground stations, considering the scenarios with the highest load. For example, for a mobile interferer transmitting on an ADS-B channel (see first entry in Table D-8), the highest of 1.3% and 0.4% is considered (see table D-10). 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
	1.3%
	2 %
	0%

	
	1 x 1-slot per second
	5x 1-slot, 4x 2-slot, 1x 3-slot and 1x 4-slot every 13 seconds
	-

	For mobile victim
	8%
	27 %
	30%

	
	8x 1-slot, 2x 2-slot every 2 seconds 
	75x 1-slot, 45x 2-slot, 15x 3-slot and 15x 4-slot every 13 seconds
	1 x 1-slot and 684 x 2-slot per 60 seconds

	For ground station interferer
	1%
	7%
	30%

	
	25  x 1-slot plus 10 x 2-slot per 60 seconds 
	15x 1-slot, 5x 2-slot, 3x 3-slot and 1x 4-slot message every 7 seconds 
	1 x 1-slot and 684 x 2-slot per 60 seconds

	For ground station victim
	7%
	20%
	0%

	
	5 x 1-slot per second
	70x 1-slot, 30x 2-slot, 10x 3-slot and 10x 4-slot every 13 seconds 
	-


Table D-10: Summary of VDL4 mobile and ground station loadings

� This band extends from 118.000 – 136.975 MHz.


� This band extends from 108.000 – 117.950 MHz.


� Such method could additionally provide a means of mitigating any limitations on channel loading possibilities due to the radio test software.


� 7 minutes is equivalent to 31,500 slots. For example, an estimated slot usage of 200 slots throughout the ground scenario yields a channel loading of 200/31500, or 0.6%.


� In general, point to point communications are characterized by brief periods of intense activity interspersed with longer periods of inactivity. It has been verified that the averaged instantaneous load is close to the overall loads derived in [19]. This is expected since as the channel usage increases, the (instantaneous) periods of channel activity even out across the channel.


� The duration of this period is determined by the ED120 RTCP requirements and is generally in the order of 4 s for the downlink component and 20s for the uplink component. Note that a single application exchange is equivalent to a number of message transmissions at the channel level.


� This paper consider separately the ADS-B, TIS-B and point to point channel load and does not consider any potential distribution of the same type of applications (i.e point to point) in different channels for reason of capacity. It is likely that depending on the application requirements additional channels may be required for capacity constraints.


� Per aircraft.


� When scaling down linearly to 7 minutes the actual number of movements is 9, however an additional 2 aircraft are considered to account for traffic in the departure and arrival queues.
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