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Report of an Ad Hoc Meeting on VDL Mode 3/ATN Integration
SUMMARY

On January 25th 2001 an ad hoc meeting took place a Mitre, VA between ATNP and AMCP experts to discuss outstanding issues concerning ATN and VDL Mode 3 Integration. The objective of this meeting was primarily to gain an understanding of the interests and concerns of each party and to determine an appropriate way forward for recommendation to the respective ATNP and AMCP Working Groups. This paper is a report of the meeting.

It should be noted that there are outstanding issues with respect to the VDL Mode 3 Ground Architecture that do not lend themselves to a speedy resolution and for this reason, it is recommended that an interim VDL Mode 3 specific SNDCF is incorporated into the ATN SARPs 3rd edition. It is hoped that this SNDCF will become superfluous once these issues are addressed. By incorporating it in the ATN SARPs, the SNDCF is placed under ATNP change control and avoids unnecessary interdependencies between AMCP and ATNP SARPs.
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1. Introduction

This was an ad hoc meeting convened in order to try and resolve outstanding issues between the ATNP and AMCP on the integration of VDL Mode 3 with the ATN.

The principal inputs to the meeting were the current draft Frame Mode SNDCF SARPs and a draft set of responses from the ATNP to the AMCP regarding comments received from the AMCP under document reference AMCP/WG-M/1/WP11bis.

2. Summary

The meeting agreed/achieved the following:

1. The draft ATNP response was reviewed and discussed. As a result some minor corrections were made. An updated version will prepared by TW and circulated to those present for final comment. The resulting document will be presented to ATNP/WG-B at its next meeting (Hawaii, Feb 2001) for approval and formal conveyance to the AMCP.

2. The “Direct Frame Mode SNDCF” specified in section 7 of the draft Frame Mode SNDCF was reviewed and minor corrections agreed. TS and RM indicated that the text was an accurate re-statement of the existing SNDCF currently contained in the AMCP’s proposed VDL Mode 3 SARPs. 

3. The full Frame Mode SNDCF was discussed and issues identified that need further progression (see below). It was also accepted that there would be insufficient time to progress these issues to resolution before the publication date for the ATN SARPs 3rd edition and the publication of the next version of the VDL Mode 3 Technical Manual.

4. It was therefore agreed that the “Direct Frame Mode SNDCF” would also be recommended for inclusion in the ATN SARPs 3rd edition and the AMCP recommended to replace the SNDCF in the draft VDL Mode 3 Technical Manual with a reference to this SNDCF. This strategy will ensure that the SNDCF for VDL Mode 3 is under ATNP change control and there is no dependency on AMCP SARPs with respect to core ATN specifications (i.e. CLNP). TW will prepare a draft liaison to be passed from ATNP WG-B to the AMCP indicating that this SNDCF will be in the 3rd edition and requesting that it is referenced from the VDL Mode 3 SARPs.

5. ATIF data on the benefits of using Deflate compression with CPDLC is needed to help determine the progression of this work in order to provide value judgements on the benefits of Deflate compression in a VDL Mode 3 environment.

6. The Technical Issues identified below should be written up as a liaison from the ATNP to the AMCP requesting resolution of AMCP specific issues.

3. Technical Issues

The technical issues identified by this meeting are concerned with:

· The interaction between priority, compression and the intended VDL Mode 3 Ground Architecture

· The generation of the Join Event and use of XID Messages

· Handoff to a Ground Station on the same GNI

· Use of low speed data links in the Ground Environment.

3.1 Priority, Compression and the VDL Mode 3 Frame Mode

The Frame Mode SNDCF aims to compress data at different priorities using the same compression engine. This is firstly because each Deflate compressor requires ~200KB (typical) RAM and there is thus a high memory cost associated with using separate compressors for each priority. Secondly, separate compressors will each work on a smaller data volume (i.e. a subset of the data stream rather than the total data stream) and therefore convergence on optimal compression rates will be slower.

However, sharing a single compressor between multiple priorities requires that compression occurs immediately prior to transmission and after a priority based selection of the packet to transmit has occurred. This is because the compressor is stream mode and once packets have been compressed they must be transmitted in strict order of compression otherwise they cannot be successfully decompressed.

In an airborne implementation this should not be a major issue. However, the current VDL Mode 3 Frame Mode Ground Architecture groups together geographically separated Ground Stations and provides access to them through a common Ground Network Interface (GNI). It is anticipated that several uplink packets to a given aircraft may be queued for uplink at any one time. As they are compressed in the Air/Ground Router this means that they cannot be uplinked in priority order but only in queue order.

Several solutions to this problem were discussed:

a) All or part of the functions of the Air/Ground Router are more closely integrated with the VDL Ground Network permitting compression to be performed at the Ground Station and in the “just in time” fashion needed to resolve the conflict between priority and compression.

b) Only packets with a priority lower than some threshold are compressed and all others are transferred uncompressed. In the VDL Mode 3 context this probably means that D-FIS data is compressed but not CPDLC or ADS.

c) The Air/Ground Router is given a means to determine the current uplink queue length for a given aircraft and can thus determine the priorities of the packets in the queue (from information saved when they were compressed). Packets that have a higher priority than any in the current queue are then sent uncompressed and may hence “jump the queue”.

Option (b) requires the least change: no change to VDL Mode 3 and a minor change to the Frame Mode SNDCF. However, only limited benefits from compression are realised. Option (a) should give the greatest compression benefit but requires a significant re-think of the VDL Mode 3 Ground Architecture. Option (c) requires a change to both VDL Mode 3 and the Frame Mode SNDCF but may yield near optimal results in practice.

In order to resolve this issue, information is needed on the benefits of CPDLC compression using Deflate. The most appropriate solution can then be chosen. The ATIF Trial is believed to have such data and this needs to be made available.

3.2 Join Event Generation and use of XID Messages

3.2.1 Air Initiated or Ground Initiated

Currently, the VDL Mode 3 SARPs expect to generate the required ATN “Join Event” on the ground. The Air/Ground Router is then responsible for initiating ATN communications. However, this does not permit optimal use to be made of the existing XID exchange i.e. to convey ISH PDUs and Frame Mode SNDCF initialisation data.

Comments received from the AMCP had referred to the desirability of using the XID exchange to convey such data and, in the meeting, it was indicated that additional XID Private Parameters could be defined to convey datalink “user data” i.e. the ISH PDU and the Frame Mode SNDCF’s DLS frame. However, this cannot be utilised with the current ground initiated approach.

Figure 1 illustrates the sequence of events and frames exchanged when an aircraft enters a VDL Mode 3 net  and performs data link initialisation. Currently, the Join Event is only passed to the Air/Ground Router when the XID is received, which does not allow the XID to be used to convey ISH PDUs and DLS exchanges. Furthermore, this is also incompatible with the Frame Mode SNDCF which is specified for Air Initiated operations only.

As discussed in the meeting, the exchange could be made more optimal by changing the specification to require that the Join Event is generated on the airborne side when the Net Entry Response message is received. This would allow time for an ISH PDU and DLS to be prepared and included in the CTRL_CMD_LE XID message. In practice, this may be viewed as an optimisation (in order to avoid timing problems) and if the ISH/DLS is not ready before a Poll Request” is received, the XID is sent without the ISH/DLS and the ISH/DLS has to be sent later as a normal data frame.

On the ground side, the ISH/DLS is passed to the Air/Ground Router and the Air/Ground Router does not necessarily have to be aware of whether they are received as an XID parameter or as a normal data frame. The Air/Ground Router will respond with a DLS Response and its own ISH PDU and queue them for uplink.

When an ISH/DLS is received by the Ground Station in an XID private parameter, an appropriate strategy is to delay the response XID to give the Air/Ground Router time to prepare its response. The delay period will be limited by VDL Mode 3 XID timeouts. If the Air/Ground Router responds in time with its own ISH/DLS Response then this frame can be included in the CTRL_RSP_LE XID as a private parameter. Otherwise, it is uplinked in a data frame.
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Figure 1 Data Link Initialisation - Sequence of Events

The above will require a change to the VDL Mode 3 SARPs to specify a private parameter for user data and to change the Join Event definition. No changes are needed to the Frame Mode SNDCF beyond what is already necessary i.e. clarifying how the Frame Mode SNDCF is used with VDL Mode 3. Although VDL Mode 3 now appears to become air initiated, no fundamental change in procedures is implied as the response to the Net Entry Request is when the decision is made to provide service to the aircraft.

3.2.2 DLS Parameter Optimisation

Another AMCP comment is that some parameters include in the Frame Mode SNDCF DLS exchange duplicate information already exchanged by VDL Mode 3 XID private parameters. There is no disagreement over the desirability of minimising information exchange. However, there is still a need to agree on the mechanism by which it is done.

On the airborne side, there is no great issue, and a local interface can be defined to make this information available to the Frame Mode SNDCF from the VDL3 MAC layer. However, on the ground side, the Air/Ground Router is remote from the Ground Station and separated by the GNI. A formal GNI provided interface will need to be defined to make XID information available to the Air/Ground Router if this objective is to be realised. 

3.3 Handoff to a Ground Station on the same GNI

This Handoff is currently hidden as far as the Air/Ground Router is concerned but is visible to the airborne user. Such an asymmetry is not recognised by the Frame Mode SNDCF. Furthermore, the old Ground Station may silently discard queued uplink frames on such a Handoff resulting in a decompression error on subsequent uplinks which, in turn, causes a reset of the Deflate compressor.

It appears that symmetry can be restored quite easily. The Net Entry Response uplink on a handoff will report “Previous Link Preserved” in this case and this can be used to suppress the “Join Event”. Provided this is done no change to the Frame Mode SNDCF is required.

There appears to be two strategies for dealing with the issue of silent discards:

a) The VDL Mode 3 Ground System forwards the message queue to the new Ground Station on Handoff ensuring that queue order is maintained with respect to the existing queue and subsequent uplinks received from the Air/Ground Router. This should avoid the problem altogether.

b) Alternatively, symmetry is restored by making the Handoff visible to both airborne and ground users. The Frame Mode SNDCF will then re-initialise the datalink and resynchronise the compressed data stream to reflect the last frames successfully exchanged in each direction.

The former strategy is probably the most efficient and is therefore preferred.

3.4 Use of low speed data links in the Ground Environment

It is understood that some potential VDL Mode 3 sites in North America are very remote and only low bandwidth communications links will be available. This could cause problems when compression state is restored on Handoff if the Deflate compression function is located close to each Ground Station. The compression state may be several kilobytes and both the transfer time for this and the bandwidth used become issues in this environment. 

There is unlikely to be an issue here if compression is performed by the Air/Ground Router as these are likely to be in more accessible locations with higher bandwidth communications available.

It was recognised that in such situations it may not be practicable to attempt to restore the compression state. The Deflate compressor will be reset on each Handoff and efficient operation will rely on having established accurate Deflate dictionaries that result in rapid convergence to the optimal compression state.

Restoration of the compression state in the Frame Mode SNDCF is optional and hence this requires no change to the specification.
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