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Agenda Item 4: Review of SARPs and guidance material for frequency assignment planning for
VDL Modes 2, 3 and 4

4.1 INTRODUCTION

4.1.1 The meeting considered the work of Working Group B on the progress of the developments
of draft Standards and Recommended Practices (SARPs) and/or guidance material on frequency assignment
planning criteria for the introduction of VHF digital link (VDL) (Modes 2, 3 and 4) in the very high frequency
(VHF) band. This introduction is to take place in such a manner that no harmful interference is caused to the
VHF double sideband-amplitude modulation (DSB-AM) voice equipment onboard an aircraft. 

4.1.2 The meeting recalled that Working Group B was given the following tasks:

a) to develop frequency assignment planning criteria for the VDL Modes 2, 3 and 4;

b) to assess potential aircraft and co-site constraints for VDL;

c) to develop guidelines for the introduction of VDL assignments in the very high (VHF)
frequency band;

d) to address the need for developing spurious emission limits (Ref. AMCP/6,
Recommendation 3/2; and

e) to study the need to increase spectrum allocated to AM(R)S in the band
117.975 - 137 MHz.

4.1.3 Since AMCP/6, the working group held two meetings as follows:

a) 14 to 23 September 1999 in Toulouse, France; and

b) 18 to 28 January 2000 in Rio de Janeiro, Brazil.

4.1.4 During these meetings, the working group concentrated its work on items a), b) and c)
mentioned in paragraph 4.1.2 above.

4.1.5 The Rapporteur of Working Group B was Mr. J. Mettrop from the United Kingdom.
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4.2 INTERFERENCE SCENARIOS

4.2.1 In progressing its work, Working Group B identified the various scenarios that need to be
considered in order to define the conditions under which the VDL and the DSB-AM voice systems may
interact. These are:

a) aircraft station on the ground vs aircraft station on the ground;

b) aircraft station on the ground vs aeronautical (ground) station;

c) aircraft station in flight vs aeronautical (ground) station or aircraft station on the ground;

d) aircraft station in flight vs aircraft station in flight;

e) aircraft station co-site; and

f) aeronautical (ground) station vs. aeronautical (ground) station (including co-site
aeronautical stations).

4.2.2 A full description of these scenarios is contained in Appendix A.

4.2.3 Initial work was concentrated on the definition of key parameters necessary for the definition
of planning criteria. In various areas, such as the DSB-AM transmitter mask definition and the VDL Mode 4
receiver adjacent channel rejection, information was missing. In the absence of definitive minimum
performance standards, the only option open was to identify these parameters through testing with a
sufficiently large population of equipment to give confidence in the levels assumed. This will require relevant
equipment to be available for testing purposes.

4.2.4 It was agreed that a bit error measurement could be used to assess the impact on a victim
VDL radio. For the assessment of the impact of a VDL interferer on a DSB-AM victim receiver, two
alternative methods were proposed. It was agreed to use both methods for the assessment of the impact of
VDL signals on a DSB-AM system since the benefit was that if these two methods came to the same result
then this would give a higher level of confidence in the planning criteria derived. These methods are presented
in Appendix B. 

4.2.5 A lack of suitable test radios has limited the testing that could be carried out to date. It is
expected that the availability of test radios will improve in the next three months so that full scale testing can
commence early. 
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4.3 CO-SITE (AIRCRAFT) INTERFERENCE

4.3.1 The meeting was informed that at the third meeting of the Ad Hoc Working Group of the
Data Link Subcommittee of the Airlines Electronic Engineering Committee on 13 March 2000, the
interference from VDL transmissions on the simultaneous reception of DSB-AM voice signals had been
addressed.

4.3.2 The meeting noted that squelch breaks due to interference from VDL in the DSB-AM
receiver were not worse than those due to interference from aircraft communications addressing and
reporting system (ACARS) and that the receiver sensitivity degradation when the frequency separation is
greater than 100 kHz was expected to be no different than that due to an ACARS transmitter. With a 50 kHz
separation, the interference would be 2 - 10 dB worst compared to ACARS. No information was given for
situations where the frequency separation is less than 50 kHz. The same results were observed when the
interference was caused by transmissions from the simultaneous use for voice of a second DSB-AM
transmitter on board the same aircraft.

4.3.3 The meeting noted that the tested radios included both adaptive S/N squelch and dynamic
RF attenuation. Without these techniques it was highly probable that performance of closely spaced DSB-AM
with on-board VDL or ACARS would not be acceptable. It was noted that today, these techniques generally
work well in a strong (DSB-AM) signal environment such as the terminal area.

4.3.4 The meeting was informed that RTCA SC-172 will continue to monitor system developments
and will provide further recommendations, as needed, as test data and experience with the system is obtained
in support of AMCP WG-B task of defining the spectrum planning for VDL.

4.3.5 The meeting noted the concerns expressed by an avionics manufacturer aiming at, in
particular, the small aircraft, where the constrains with interference from VDL into DSB-AM voice were
expected to be more stringent than on larger aircraft. 

4.3.6 The meeting was informed that it would be probable that on the basis of the information
available today on possible interference from ACARS, the introduction of ACARS on board an aircraft would
not have been allowed in some States. Concern was expressed about the solution of the interference problem
as proposed by AEEC since it did not address the operation of aircraft in a low DSB-AM signal environment.
It was also noted that the operational scenario where the interference from a VDL transmitter is compared
to the interference caused by a second DSB-AM transmitter would not be compatible for VDL data
transmission but would also apply to VDL voice. This is due to the nature of the pseudo-random transmissions
of VDL data. The meeting noted in particular that the proposed measures should not degrade the operation
of the VHF DSB-AM system since in all cases, voice communications should have priority over data
communications. Although the meeting agreed that the methods proposed by AEEC were basically related
to the implementation of the various systems on-board an aircraft, it was observed that any implementation
related degradation in the performance of the VHF DSB-AM voice system below the levels specified in
Annex 10 were not acceptable.
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4.4 INTERIM FREQUENCY PLANNING CRITERIA FOR
VDL MODE 3 IN THE UNITED STATES

4.4.1 The meeting was informed that the United States Federal Aviation Administration was
developing interim frequency planning criteria for VDL Mode 3 on the basis of the work conducted by the
United States and the United Kingdom to develop the new RF mask for VDL Modes 2 and 3 recommended
by AMCP/6. The relevant information about the said mask had been included in the AMCP/6 report on
Agenda Item 3 (Table 3.1). Further work is continuing.

4.5 REQUIREMENTS FOR VALIDATED FREQUENCY
PLANNING REQUIREMENTS

4.5.1 The meeting recalled that the Air Navigation Commission expected that the result of the
introduction of VDL Mode 3 and 4 would be an improvement in the efficiency of the utilization of the VHF
band, already highly congested in many parts of the world. The lack of validated frequency planning criteria,
would make it impossible to determine the actual capacity increases that would be achievable. The meeting
was therefore reminded of the urgent requirement to develop the criteria. It was noted that it would be
possible for the panel to review and approve criteria developed by Working Group B by correspondence, as
long as the associated benefits in terms of capacity increases could be clearly identified.

4.6 VDL MODE 2 IMPLEMENTATION COMMITMENTS

4.6.1 Information on the commitments made by the aviation industry led by Aeronautical Radio,
Inc. (ARINC) Incorporated, in support of implementation of VDL Mode 2 was reviewed by the meeting. It
was reported that current VHF ACARS data link service was reaching capacity and performance was being
constrained, as traffic increases of over 20 per cent per year had been experienced in recent years and were
expected to continue for several more years. Due to the continuing high growth in data link demand, ARINC
was committed to introduce VDL Mode 2 for use in the United States beginning in October 2000 with ATN
capability available for use end of year 2001. The planned ARINC VDL Mode 2 ATN infrastructure was
intended to support both aeronautical operational control (AOC) and non time-critical air traffic services
(ATS) communications. In North America, approximately 80 ground stations supporting both ACARS and
VDL Mode 2 services simultaneously were fielded, and over 150 additional ground stations were scheduled
for production in 2000.

— — — — — — — —
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APPENDIX A

DEFINITION OF THE SCENARIOS TO BE CONSIDERED

The scenarios to be considered are as follows:

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 m (170 ft) between antenna.

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 m (170 - 340 ft).

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 m (2 000 ft). 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 m (2 000 ft) 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.
Working Group B regarded that the improvements in the SARPs proposed at the sixth meeting of
Aeronautical Mobile Communications Panel (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 should not be
considered when devising planning criteria.
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APPENDIX B

TEST METHODS

1. INTRODUCTION

1.1 Test methods 1 and 2 are alternative methods for assessing the impact of a VDL interferer
on a DSB-AM system whilst method 3 is for assessing the impact of any interference source on a VDL.

2. TEST METHOD 1

2.1 Introduction

2.1.1 This test method can be used to assess the impact of VDL signals on a DSB-AM victim
receiver and is based on the ratio of power of the desired and undesired signals in the passband of the
receiver. This method was used as the basis for the work which lead to a change in the VDL transmitter
mask adopted by AMCP/6.

2.2 Squelch break

2.2.1 Test setup

2.2.2 Test procedure

a) the undesired VDR is tuned to the centre frequency of the AM receiver under test and
the signal levels is increased until the squelch is broken and the level recorded;
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b) the undesired VDR is then tuned to the adjacent channel and the signal level is increased
until the squelch is broken and the level recorded; and

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

2.3 On channel 30 DB D/U ratio

2.3.1 Test setup

2.3.2 Test procedure

a) the desired AM signal is set so as to produce a -82 dBm, 30% modulated with ATC
phrases at the input of the victim receiver;

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

c) a listening panel then assess the quality of the audio results recorded scoring each.
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3. TEST METHOD 2

3.1 Introduction

3.1.1 This test method investigates separately the effects of the pulse and continuous modulation
of a digital signal on a DSB-AM victim receiver. By separating the effects of the pulse and 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. The level of acceptability
for these two parameters has to be established first through varying the level and conducting a subjective test.

3.2 Squelch break

3.2.1 Test setup

3.2.2 Test procedure

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

b) the undesired VDR is then tuned to the adjacent channel and the signal level is increased
until the squelch is broken and the level recorded; and

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

3.3 S+N/N ratio degredation

3.3.1 Test setup

3.3.2 Test procedure

a) the wanted signal is set so as to produce a –82 dBm, 30% modulated 1 kHz tone at the
input of the victim receiver;

b) the undesired VDR is set in continuous 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 is varied until a S+N/N degradation on the audio output of X dB is measured
and the level noted. X is determined by subjective testing for each VDL Mode;

c) the undesired VDR is then set to the next adjacent channel and the level of signal at the
input of the victim AM receiver is varied until a S+N/N degradation on the audio output
of X dB is measured and the level noted. The audio distortion is checked to ensure that
it is less than 10%. If this is not the case then the unwanted VDR signal level required
for a 10% audio distortion is noted; and

d) this is repeated for the next channel in a given set of N adjacent channels.
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3.4 Signal to pulse ratio level

3.4.1 Test setup

3.4.2 Test procedure

a) the wanted signal is set so as to produce a –82 dBm, 30% modulated 1 kHz tone at the
input of the victim receiver;

b) 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
is varied until level of the audio pulses is Y dB below the nominal audio peak level (if Y
were 6 dB then the audio pulse level Y would be half of the nominal audio peak level).
Y is determined by subjective testing for each digital interferer;

c) the undesired VDR is then set to the next adjacent channel and the level of signal at the
input of the victim AM receiver is varied until the audio pulse level is Y dB below the
nominal audio peak level and the level noted; and

d) this is repeated for the next channel in a given set of N adjacent channels.
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4. TEST METHOD 3

4.1 Introduction

4.1.1 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 performance of the radio.

4.2 Bit error rate test

4.2.1 Test setup

4.2.2 Test procedure

a) the desired VDR signal is set such that the level at the input to the VDR receiver under
test is –82 dBm;

b) the undesired signal source is tuned to the centre frequency of the VDR receiver under
test and the signal level is 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;

c) the undesired signal source is then tuned to the adjacent channel and the signal level is
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 is recorded; and

d) the undesired signal source is then tuned to the next adjacent channel in a given set of
N adjacent channel and the signal level is 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 is recorded. This is repeated until the last channel in the reference set
has been tested.
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