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Agenda Item 3: Progress of the work on VHF digital link (VDL) Mode 4

3.1 INTRODUCTION

3.1.1 Under this agenda item, consideration was given to the possible alternative data links to
support navigation and surveillance applications.  Also, the progress on the development of the Standards and
Recommended Practices (SARPs) for VDL Mode 4 was addressed.

3.1.2 At AMCP/4, it was decided to pursue the development of SARPs for VDL Mode 4 to
support navigation and surveillance applications while, in parallel, a study should be undertaken to analyse
alternatives for this data link, in response to Recommendation 6/3 of the Report of the Special
Communications/Operations Divisional Meeting (1995) (SP COM/OPS/95) (Doc 9650).  The reports on the
assessment of alternatives covering data links for navigation and surveillance applications were reviewed by
the meeting.

3.1.3 Concerning the progress on the development of SARPs for VDL Mode 4, the meeting
reviewed the validation activities which were started in December 1997.

3.1.4 The meeting wished to record its appreciation for the substantial support from
Mr. D. A. Farncombe and Mr. S. Forsyth in the preparation of comprehensive material on the alternative
assessment of data links for navigation and surveillance applications (Agenda Item 3 refers) and on the
assessment of data links (Agenda Item 4 refers).

3.2 ALTERNATIVE DATA LINKS FOR NAVIGATION APPLICATIONS

3.2.1 The meeting noted that the development of data links for transmission of information to
augment the global navigation satellite system (GNSS) required consideration solely by the GNSS Panel as
these augmentation data are an integral part of the GNSS system.  The GNSS Panel is considering the
differential-eight phase shift keying (D8PSK) modulation scheme for a ground-based augmentation system
(GBAS), similar to the D8PSK modulation scheme currently considered for VDL (report on Agenda Item 4
refers).

3.2.2 The meeting agreed that it should no longer address data links that can be used for the
transmission of GNSS augmentation signals.  As a result, AMCP would no longer be involved in any
possible navigation application of any VDL.

3.3 ALTERNATIVE DATA LINKS FOR SURVEILLANCE APPLICATIONS

3.3.1 Comprehensive work was presented to the meeting on the evaluation of data links for
surveillance applications with the view of determining the need to continue the development of SARPs for
VDL Mode 4.  This work, which was initiated at AMCP/4, started shortly after that meeting.  From the
beginning, the work on VDL Mode 4 on the evaluation of alternatives suffered from a lack of consensus.  As
a result, the panel was presented with two evaluations on alternative data links for surveillance applications,
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as no single conclusion could be agreed upon.  In summary, one side concluded that the SSR Mode S
extended squitter should be used as the ICAO standard system for automatic dependent
surveillance-broadcast (ADS-B) functions, while VDL Mode 4 could find an application as a surveillance
data link for use in low-traffic density airspace where world-wide system interoperability is not required.  The
other side maintained that VDL Mode 4, used for ADS-B, could provide adequate ADS-B functionality and
meet all specified requirements and desirable features for ADS-B.

3.3.2 The meeting reviewed a summary of the advantages/disadvantages of Mode S (including
extended squitter) and VDL Mode 4.  The meeting noted the following short description of each data link:

a) Mode S.  In the current design, each Mode S transponder pseudo randomly radiates
(squitters) its ICAO 24-bit address in an azimuth-omni-directional pattern once per
second.  Known as the short squitter, this provides a 56-bit transmission broadcast on
the Mode S transponder reply frequency (1 090 MHz).  The short squitter is used by
the airborne collision avoidance system (ACAS) to detect the presence of Mode
S-equipped aircraft.  In addition to the 56-bit messages, the Mode S protocol also
defines 112-bit reply formats.  The extended squitter approach uses this format to
create a 56-bit message field for ADS data.  All other fields remain the same as the
short squitter.

In operation, aircraft would determine their position and velocity using a GNSS
receiver (or other suitable navigation source) and broadcast that information in the
extended squitters.  The position or velocity information would be inserted into the 56-
bit ADS message field and broadcast twice per second; and

b) VDL Mode 4.  VDL Mode 4, as proposed in the current draft SARPs, uses self
organizing time division multiple access (STDMA).  STDMA is a concept which uses
a number of 25 kHz channels in the VHF band.  Data is transmitted on each channel at
19.2 kbits/s and transmissions are co-ordinated in the sense that only one aircraft
transmits in any slot in any channel.  Each transmission would be accompanied by a
guard time of approximately 1 ms to account for differences in signal propagation
times between transmitters and receivers.  VDL Mode 4 can operate in an autonomous
or ground-controlled mode.

3.3.3 As a result of the lack of consensus on this matter, the meeting was not in a position to draw
any conclusion on developing an approach which could assist in reducing the number of data links for
surveillance applications.

3.3.4 Further work on this subject was considered unnecessary as it was unlikely that the different
positions could be reconciled.
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3.4 PATENT ISSUES

3.4.1 It was recalled that AMCP/4 had been advised that AMCP, in progressing its work, should
apply a procedure similar to that developed by the International Telecommunication Union (ITU) for the
development of ITU-R Recommendations.  The procedures involve the following steps:

“Step 1 - As early as possible and, in any case, before a SARP is finalized, the patent holder
is contacted, and his/her position regarding license of his/her patent right to third parties is
investigated.  He/she is requested to provide a written statement as to whether:

a) he/she is willing to waive his/her patent rights;

b) he/she is prepared to license the patent; or

c) neither of the foregoing.

Step 2 - If the patent holder

a) waives his/her rights regarding the patent, the SARP is freely accessible to everybody,
and will not be subject to particular conditions or royalties arising from the patent;

b) is not prepared to waive his/her rights but is willing to negotiate the license on a
non-discriminatory basis, then the negotiations on such license are left to the parties
concerned and performed outside of the Organization; and

c) is not willing to waive his/her patent rights nor to license it, then no SARP can be
established.”

3.4.2 It was noted that AMCP, in progressing its work, should take this procedure into account
and make the position of the patent holder known.  No procedure for dealing with patented systems had yet
been recommended for use in ICAO generally; however, an ICAO code of practice was under development.

3.4.3 The meeting recognized that patents per se should not be a discriminatory factor in the
selection of standards as long as either condition a) or b) in Step 2 (section 3.4.1 above) is met.

3.4.4 The meeting was informed that at least one patent was applicable to the VDL Mode 4
technology.  While the draft VDL Mode 4 SARPs, as presently drafted, did not contain any element covered
by the patent, certain applications (by a manufacturer) of the technology specified in the SARPs could impact
on the patents.  Clarifications on the matter were being sought from the patent holder.  

3.4.5 The meeting was also informed that at least one patent was applicable to the Mode S
extended squitter, and that the patent holders had issued a public statement of their intent not to assert their
rights as patent owners.  However, ICAO has not been informed of this patent.

3.4.6 The meeting agreed that the Secretariat should obtain from the patent holders for the VDL
Mode 4 and the Mode S extended squitter technology written statements which clarify the position of the
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patent holder without additional provisions, conditions or any other exclusion clauses in excess of what is
provided in Step 2 a), b) or c) above.  The statements should be filed with the Secretariat and presented to
appropriate bodies for review.  No further action was required by the panel.

3.5 TECHNICAL CONSIDERATIONS

3.5.1 The meeting noted that a validation sub-group for VDL Mode 4 had been formed.  The
group has produced a detailed validation project plan and established a configuration and validation control
database.  A first set of change requests and change proposals has been approved.  The meeting was informed
that the work of the Validation Sub-group would not be significantly affected by a decision to include or
exclude aeronautical telecommunication network (ATN) elements of the system in the validation activity.  

3.5.2 Inspection and simulation activities for VDL Mode 4 are ongoing.  The results of a
simulation of ADS-B using VDL Mode 4 in the Los Angeles Basin and in the core European airspace were
presented.  Although the results of these activities were promising, as they indicate no significant difficulties
when using VDL Mode 4 in high density areas, the meeting concurred that further studies and analyses are
required.   Specific areas of investigation include methods for rapid net entry, system capacity evaluation,
antenna requirements definition, hidden terminal effects, time determination and reliance on GNSS and
assessment of system performance against ADS-B operational requirements.  New versions of draft SARPs
and draft manual had been developed.

3.5.3 The meeting noted several important technical issues with the STDMA system, with regard
to architecture and operation in autonomous mode, hidden user problem, capacity/update rate, spectrum,
antenna implementation constraints, procedures for position validation and navigation independent
surveillance.  Proposals for changes to the validation plan were also presented.  The meeting asked the
originators to re-submit the proposals to Working Group D for evaluation.

3.5.4 Given the existence of Mode S extended squitter SARPs, which could carry a 56-bit payload
for ADS-data, and due to the issues noted in the preceding paragraph, the panel could not achieve unanimous
consensus on the need to continue the development of the VDL Mode 4 system into SARPs.  However, the
majority of members believed that development of Standards for VDL Mode 4 needed to continue due to the
system's potential to satisfy needs for surveillance and for future services.

3.5.5 The development of minimum operations performance standards (MOPS) for an ADS-B
VHF has been undertaken by EUROCAE.  The development of technical concepts for integration of VDL
Mode 4 into the aircraft avionics architecture is also ongoing.

3.6 INCLUSION OF ATN FUNCTIONALITY

3.6.1 The meeting noted that the draft SARPs for VDL Mode 4 had been developed to enable
VDL Mode 4 to act as a subnetwork for the ATN.

3.6.2 The meeting reviewed the potential benefits deriving from inclusion of ATN functionality.
One of the potential applications of VDL Mode 4 as a surveillance data link is ADS, based on “contracts”
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governing the exchange of position and other information between the ground systems and the aircraft. In
order for ADS to be accommodated by VDL Mode 4, it was argued that support for the ATN would be a
necessary element of the data link protocol to provide maximum functionality and flexibility. 

3.6.3 More generally, it was argued that today’s digital mobile radio technology is evolving
towards “generic” data  link technologies, whereby the same underlying data link may be used by different
functions.  The meeting recognized, however, that the safety impact of such an evolution should be carefully
assessed in order to preserve the independence of CNS functions.  As noted under Agenda Item 4, ICAO has
not yet developed combined CNS system performance requirements.

3.6.4 The meeting was also informed that the inclusion of ATN support, while enhancing the
system and potentially enabling a wider range of applications,  would have a limited impact in terms of
validation workload, as noted in section 3.5.1. On this basis, it was argued that provision of ATN functions
could be beneficial.

3.6.5 The inclusion of ATN functionality will be further explored to meet the added requirements
of ADS-C stated at AMCP/5 which implies ATN functionality.

3.7 INTRODUCTION OF ADS-B CAPABILITIES IN THE UNITED STATES AND THE RUSSIAN

FEDERATION

3.7.1 The meeting was provided with extensive information on the phased approach for
introduction of ADS-B under consideration in the United States. Within the phased approach, air-to-air ADS-
B capability would be introduced as early as in the 1999-2000 time frame, using the Mode S based ADS-B
system, with decisions on the need to implement elements of a ground infrastructure being deferred until
benefits are quantified and operational assessment of the new capabilities takes place. Assessment of any
unfulfilled requirements that would lead to the development of alternative standards to the Mode S extended
squitter standards would be similarly deferred.  It was noted that one key surveillance data link application,
the traffic information service (TIS), is already in the process of being implemented in the United States using
existing Mode S ground stations.

3.7.2 The scenarios addressed included high density terminal airspace, low density airspace and
airport surface.  The time frame under consideration spans from near term (2000) to long term (2005-2015).
In the longer term, the United States would phase in ADS-B air-ground capabilities, using the existing and
planned Mode S ground stations, and develop additional types of Mode S-based ADS-B stand-alone ground
stations.  Due to the clear transition path provided using this approach, as well as the system interoperability
provided with the current ICAO secondary surveillance radar (SSR) Mode A/C/S Standards, no need for
VDL Mode 4 has been identified for the United States' airspace. 

3.7.3 The meeting was also provided with information on the implementation plans of air-ground
data links in the territory of the Russian Federation. Implementation of ADS-B via VDL Mode 4 in the very
near future in the European part of the Russian Federation will make it possible to ensure the integration and
harmonization of the Russian Federation's air traffic services (ATS) system with the countries of Western
Europe and it will ensure the required level of air traffic safety.

3.8 CO-ORDINATION WITH OTHER PANELS
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3.8.1 The meeting noted with appreciation the positive effects of the timely and efficient
co-ordination with other panels.  In particular, the Secondary Surveillance Radar Improvements and Collision
Avoidance Systems Panel (SICASP) had been very constructive in providing comments on the analysis
covering data links for surveillance applications, and it was hoped that this co-ordination and co-operation
would continue.  Substantial comments from SICASP were noted, and it was agreed that, in its further work,
AMCP should carefully consider these comments.

3.9 CONTINUATION OF WORK ON VDL MODE 4

3.9.1 It was agreed that AMCP should not further pursue work on VDL Mode 4 as a data link for
navigation applications.  In relation to the development of SARPs for VDL Mode 4, including the required
validation, the meeting decided that this activity should continue and concentrate on surveillance applications
such as ADS-C and ADS-B.  Although some members felt that the work on VDL Mode 4 should be
transferred to a panel involved in technical surveillance activities, the majority of the meeting shared the
opinion that the further development of VDL Mode 4 should remain in AMCP.  Appropriate co-ordination
with other panels, such as ADSP and SICASP, would ensure that the necessary expertise is involved in
completing the ICAO SARPs.  In this discussion, also the need to ensure ATN-compatibility of VDL Mode 4
was addressed.  A substantial minority was of the opinion that ATN-compatibility should be excluded from
the SARPs, because, in their opinion, no requirements for an integrated communications/surveillance
broadcast data link had been identified.  They also felt that the task did not form part of the panel's work
programme.  In this regard, it was stipulated that, at this point in time, a communication function should not
be considered for VDL Mode 4, as this application is already provided by VDL Modes 2 and 3.  As there
was not sufficient support for this approach, the meeting decided to continue with the development of SARPs,
ensuring ATN-compatibility as required.  In the further validation of VDL Mode 4, the technical comments
which were presented at the meeting, including the relevant element of the alternatives analysis, will have to
be taken into account.

— — — — — — — —


