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Summary

The draft technical specifications for the VDL Mode 4 includes technical provisions intended to allow the VDL Mode 4 to be employed as a sub-network of the ATN. Some concerns are outlined below..

VDL Mode 4 Issues when used as an ATN Sub-network

1 Introduction

The VHF Data Link (VDL) Mode 4 technical provisions rely heavily on the VDL Mode 2 provisions in certain key areas:  the sub-network layer and the Aviation VHF Link Control (AVLC).  Because of this close relationship with the VDL Mode 2 many of the issues and known limitations of the use of VDL Mode 2 as an ATN mobile sub-network may also be applicable to VDL Mode 4.

2 Background

As background, the technical provisions for VDL Mode 2 and the technical provisions for the ATN were being developed in parallel.  The development of the ATN provisions began in the late 1980s and the VDL Mode 2 provisions in the early 1990s.  The ICAO body responsible for the development of the ATN internet standards (WG-3 of SICASP through 1993 and ATNP since 1994) assumed a mobile sub-network service that was capable of providing certain minimum capabilities.  Technical provisions were defined for a generic mobile Sub-network Dependent Access Facility that used ISO 8208 protocol for sub-network access.  The baseline mobile sub-network assumed by the ATN experts that drafted the ATN technical provisions was that both the airborne and the ground elements of the mobile sub-network would include an ISO 8208 DCE that would interface to the ATN router (Data Terminal Equipment (DTE)).  The sub-network was expected to provide for the management of its ISO 8208 connections including establishing and tearing down connections as the aircraft moved from sub-network ground station to ground station.  The AMSS, HFDL, Mode S and the VDL Mode 3 all define ISO 8208 based sub-network provisions that conform to this mobile sub-network model.  However, the AMCP simplified the VDL Mode 2 design in a number of ways that have placed the characteristics of that sub-network outside of what was envisioned by the ATN architects.  Sub-network services such as an airborne ISO 8208 DCE and priority handling are not required in the VDL Mode 2 SARPs or Technical Manual.  The ATN internet working group (first within SICASP and later within the ATNP) expressed its concerns on the lack of such requirements to the AMCP during the VDL Mode 2 SARPs and Technical Manual development.  The AMCP reported that the VDL Mode 2 sub-network was not being developed for support of real time safety ATS applications.  Some ATN experts felt that the remaining non-safety applications, such as delivery of routine MET information and non-safety AOC applications, might be adequately served with the limited capabilities that had been defined for the VDL Mode 2 system.

However, due to a number of factors, by the late 1990s, VDL Mode 2 was being promoted to support such ATS applications as Controller Pilot Data Link Communications (CPDLC).  CPDLC implementation/operational trial initiatives began in both Europe (PETAL II) and the United States (CPDLC Build 1/1A) that relied on the use of VDL Mode 2 as the mobile sub-network.  During the course of these implementations, many of the technical limitations of VDL Mode 2 were rediscovered.  Some of the technical limitations have been resolved through ad hoc solutions while others remain unresolved.  The following is presented as one specific example where the lack of technical provisions within the VDL Mode 2 SARPs and Technical Manual is resulting in significant and as yet not fully resolved limitations with VDL Mode 2 implementations.  The VDL Mode 2 SARPs and Technical Manual provisions were based on an overly simplistic model for the overall ATN and VDL Mode 2 sub-network infrastructure.  It was assumed that in a given airspace there would be a single VDL Mode 2 service provider using a single VHF frequency and that all of the VDL ground stations would reside within a single ATN routing domain.  As both the ATN and the VDL Mode 2 implementations have progressed, this simplistic model used as the basis for the development of the VDL SARPs and Technical Manual does not match the desired evolution of the VDL Mode 2 services nor the ATN architecture.  This has the potential of seriously constraining the capacity of the systems and the operational services that can be supported.

As a result of technical limitations of the VDL Mode 2 design, as specified in the SARPs and Technical Manual, the use of the CPDLC may be constrained to non-time critical (i.e., strategic) services.  However, the maximum benefits afforded by CPDLC can only be realized from its use in congested airspace in support of tactical air traffic control services.  However, the VDL Mode 2 sub-network is currently considered only as an interim solution to provide near term strategic air traffic services.  (It is considered as longer term support for AOC services.)

3 VDL Mode-4

The VDL Mode 4 design is based on the VDL Mode 2 provisions in certain critical areas.  Thus, many of the same, or similar issues that have been raised with VDL Mode 2 also apply to VDL Mode 4 when used in the context of supporting safety related air traffic services.

VDL Mode 4 relies on an AVLC that is based on the VDL Mode 2 provisions with some modifications.  VDL Mode 4 also adopts the VDL Mode 2 sub-network layer provisions with a modification to use three ISO 8208 connections to support 3 communication priority levels.  A high level overview of these issues relating to the support of air traffic services using the ATN are outlined below.

Provisions need to be made at the physical, data link and sub-network layers to provide a continuity of services as the aircraft transitions between ground stations that are served by the same ATN router.  Such aircraft movement between VDL ground stations should not result in the need to initiate a new router-to-router Inter-domain Routing Protocol (IDRP) connection.  Furthermore, the need for any IDRP exchange of routing information updates should be minimized or eliminated during transition between ground stations served by the same ground router.  The support for ATN services to a given aircraft using multiple VHF frequencies, either via the same or different ground stations needs to be addressed.  Also as the aircraft transitions between ground stations served by different ATN ground routers the interruption of the overall communications service must be minimized or eliminated.  These service requirements involve many factors of the VDL subnetwork design including the ability to do ‘make-before-break”, management of ISO 8208 connections, management of multiple air-ground sub-network connections involving one or multiple ground stations, timely issuance of join and leave events, minimizing overhead across the air-ground path (has capacity, performance and cost impacts), etc..  The approach for link management that has been developed for VDL mode 2 is not directly applicable to VDL Mode 4.  These are not just implementation issues but require explicit technical provisions within the VDL SARPs and Technical Manuals to ensure interoperability with the ATN infrastructure and to provide service characteristics consistent with the end-to-end operational requirements.

4 Conclusion

The ATN Technical Provisions (Doc 9705 – second edition or the draft 3rd edition) defines in section 5.7.6 the mobile SNDCF for a generic mobile ISO 8208 sub-network.  The ISO 8208 sub-network access protocol profile is provided in an APRL where each protocol feature is listed as being mandatory, optional, not required, etc.  The VDL Mode 4 experts will need to review the protocol features that are considered optional or not required for the generic case to determine which of these protocol and SNDCF functions will be required or recommended for use with VDL Mode 4.  These requirements should be captured in the VDL Mode 4 technical manual.

