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SUMMARY

This Working Paper describes the progress made in defining and validating a new simpler DLS protocol for VDL Mode 4 to replace the AVLC. A draft change proposal for the VDL Mode 4 Technical Manual is presented based on the new simplified DLS protocol.

WGM is invited to review the draft change proposal, to agree with the design principles directions and to provide comments on the design and the validation plan of the new DLS protocol.

Following the agreement of WGM with the design principles and directions, the WGM comments will be taken into consideration before producing the final change proposal and validating its functionality.

1 Introduction

The current ICAO VDL Mode 4 SARPs and Technical Manual specify a Data Link Service (DLS) protocol to be used which is a variation of the AVLC protocol and is derived from material in the VDL Mode 2 Technical Manual.

The VDL Mode 4 community has been considering possible options for optimisation of VDL Mode 4 performance as an ATN subnetwork. One issue is the perceived need for an alternative to the current AVLC DLS protocol.

In the second meeting of WGM, the Working Paper 18 and 20 discussed the potential benefits of using a simplified DLS protocol for VDL Mode 4 instead of the AVLC protocol. 

This was supported in principle by WGM and it was acknowledged as a step in a good direction. Furthermore, WGM requested that the work to introduce a new DLS protocol is advanced further, and a complete and validated proposal is made to WGM.

2 Why a new DLS protocol is required
Following the discussions in the 2nd meeting of WGM, and in preparation for the WGM/3 a paper was drafted to identify the main design issues for the development of the DLS protocol beyond the initial proposal. This paper was presented at the WGM/3 Preparatory Meeting for VDL Mode 4 issues held on the 16th of November 2001 in Bagshot. This paper “A new DLS protocol for VDL Mode 4 datalink - Issues and design proposals” is included as Attachment A to this paper. This paper, in addition confirms the need for a new DLS protocol by identifying the reasons for its introduction.

In Attachment A, the following main reasons for the introduction of a new DLS protocol are identified:

· to remove errors, inconsistencies and ambiguities

· to be able to handle priority messages in an efficient way

· to provide fragmentation and performance benefits both for long and short messages, and 

· to reduce the unnecessary complexity of the AVLC protocol

Further details on the above issues are provided in Attachment A section 3.3.

3 Activities to develop the initial proposal for the new DLS protocol

The initial proposal for an alternative DLS protocol was described in Working Paper 18 of the 2nd WGM meeting.

This proposal described a custom-defined protocol that makes better use of the functionalities defined in other VM4 layers and avoids duplication of functions. 

Eurocontrol is the focal point of this activity and is funding the development and validation of the new DLS protocol.

In order to advance further the initial proposal, a WGM Preparatory Meeting was held on the 16th November 2001 to discuss (primarily) the development of the new DLS protocol. LFV, DFS, FAA, ADSI, SAAB and Eurocontrol together with the designing team of the new protocol (Helios Techology, McCallum Wyman Associates) attended this meeting.

This meeting has resulted in the agreement of the main principles and guidelines for the development of the new DLS protocol. More specifically the meeting agreed the following plan:

· In the third meeting of WGM (December 2001) a draft proposal will be presented based on the agreed design guidelines during this preparatory meeting.

· Following the approval of WGM in its 3rd meeting, the proposal will be finalised and validated by inspection and simulation.

· The final proposal, together with the validation details will be presented to WGM/4 meeting, which will be asked to approve the changes to Technical Manual of VM4.

· In developing the proposal, the manufacturers will be kept informed and they will provide comments.

· In developing the proposal particular care will be given to issues that relate to the performance of the VDL Mode 4 datalink.

The detailed minutes of this meeting are presented as Working Paper 15 in this WGM meeting. Appendix A of WP15 provides details of the agreement within the VDL Mode 4 community of WGM on the way ahead to develop the proposal for the new DLS protocol.

After the preparatory meeting on the 16th November, a first draft of a change proposal for the new DLS protocol was circulated for comments among the VDL Mode 4 interested parties. These comments together with the responses of the designing team have been gathered into a paper and are presented here as Attachment B to this paper.

Taking the latest comments from interested parties into account (as described in Attachment B), an updated change proposal has been prepared for consideration by the AMCP/WGM 3rd meeting. This proposal is included as Attachment D to this paper.

4 Next steps

The are some issue that require further work in the development of the new DLS proposal. These are namely the setting the timers and the QoS parameters. Furthermore the air to air protocol needs a further review. Finally some issues in relation to LME need some further work. These issues will be progressed and agreed together with the VDL Mode 4 interested parties in WGM.

Following the completion of the above remaining work and the consideration of the comments and suggestion from the WGM/3 meeting, the DLS proposal will be tested and validated for correct operation and interaction with the other VDL Mode 4 protocols as required.

In Attachment A, section 5.3 the details of the proposed validation plan for the change proposal of the DLS protocol are presented. In summary the main validation method will be a detailed inspection process backed up by analysis and simple modelling and simulation where necessary. An independent validation team (i.e. one that was involved in the drafting process) will also be used for this work in order to bring fresh eyes to the work, making it easier to spot inconsistencies and errors in the protocol and to ensure that the protocol has been well documented.

The finalised change proposal together with the validation report will be presented to the forth meeting of WGM.

5 Recommendation 

WGM is invited to:

· Review the draft change proposal for a new DLS protocol;

· Agree with the design principles and directions of the change proposal;

· Provide comments on the change proposal;

· Provide comments on the validation plan of the change proposal.
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6 Introduction

6.1 Overview

This document has been produced by Helios Technology Ltd (Helios) and McCallum Whyman Associates (MWA) under contract to Eurocontrol.  The contract concerns the drafting and validation of a new DLS protocol for the VDL Mode 4 data link system.

The purpose of this document is to set out the rationale for introducing a new DLS protocol and to set out the design issues which need to be addressed prior to commencement of drafting.

6.2 Background

ICAO has approved SARPs for VDL Mode 4. Within ICAO, the AMCP Working Group M (AMCP/WGM) is responsible for maintaining (and updating) the VDL Mode 4 Manual on Technical Details and Specifications.

The ICAO VDL Mode 4 documents specify the Data Link Service (DLS) protocol to be used. The currently specified DLS protocol is a variation of the AVLC protocol and is derived from material in the VDL Mode 2 Technical Manual.

In the AMCP Working Group M 2nd meeting (May 2001), there was much discussion on the potential benefits of using an alternative DLS protocol, for which an initial proposal was presented at the meeting. 

The initial proposal for a new DLS protocol is a custom-defined protocol that makes better use of the functionalities defined in other VM4 layers and avoids duplication of functions. 

However, this initial proposal remains at an early stage of development, and no validation of the new protocol has yet been performed. For these reasons it was not considered for adoption by WGM.

Nevertheless, the WGM agreed that there is interest in considering further this initial proposal and in examining again the issue when the analysis, testing and validation of the new protocol is complete.

6.3 Scope of work 

The new DLS protocol that was presented to AMCP/WGM is described in detail in working paper 18 of the 2nd WGM [1, 2, 3].

The aim of the Eurocontrol contract is to complete the proposal for a new DLS protocol for VDL Mode 4 along the lines of the initial proposal described in [1,2,3].

In addition, it is intended that the new protocol will be tested and validated for correct operation and interaction with the other VDL Mode 4 protocols as required.

A change proposal will also be prepared for consideration by AMCP/WGM.

6.4 Contents

The document is presented as follows:

· Section 2 provides an analysis of the point to point data load that VDL Mode 4 might support.  The purpose is to provide an operational context for the protocol design.

· Section 3 summarises the rationale for introduction of a simpler protocol.

· Section 4 presents the designs issues associated with the introduction of a new protocol.  A simple analysis is presented of the throughput performance of Mode 4 in order to assess the likely impact of each elements of the design.

· Section 5 summarises the way ahead for the work including a description of the validation approach.

6.5 References

[1]
“Alternative approach to VDL Mode 4 data link service”, Mike Shorthose, Tony Whyman, N Fistas, presented by Eurocontrol to AMCP WG-M/2 as WP18, Finland, 25 April – 3 May 2001

[2]
“Using VDL Mode 4 as an ATN Datalink”, Tony Whyman, Attachment A to AMCP/WG M/2 – WP18

[3]
“FEC modelling in VDL Mode 4”, Mike Shorthose, Nikos Fistas, Further attachment to AMCP/WG M/2 – WP18

[4]
“VDL Mode 4 Data Link Management”, Tony Whyman, Doc Ref MWA/VDL4/1. draft 0.1, 24 October 2001

[5]
“European ATN Simulation: Phase 2 Report: ATN Traffic and Mobility Scenarios”, Mike Shorthose, Piotr Schielman, Andrew Sage, Andrew Ives, Helios Technology Ltd, DED6/ATN/NPT/LOGICA_DOC/12.2, 11 October 1999

[6]
“European ATN Simulation: VDL Mode 2 Simulation Report”, Bob Eberlein (ARINC), Mike Shorthose (Helios Technology Ltd), DED6/ATN/NPT/LOGICA_DOC/12.3.2, 13 April 2000.

7 Analysis of point to point data requirements

7.1 Introduction

In order to decide on an appropriate DLS protocol for VDL Mode 4, it is useful to consider the type of point to point communication that it might support.  This section presents an operational context for consideration of the DLS design.  The operational context consists of a representative data load for a future time frame (approximately 2015) based on previous Eurocontrol analysis.

The operational context has been established in order to:

· illustrate the type of point to point messages that VDL Mode 4 must transfer efficiently

· provide a basis for comparing the transfer characteristics of AVLC and a new simpler protocol.

· inform the process of designing a new protocol so that it achieves the maximum possible transfer efficiency.

7.2 Data transfer requirements

Reference [5] describes data scenarios put together for Eurocontrol as part of a modelling contract to investigate European ATN scenarios.  Reference [5] drew upon an accepted reference base for its conclusions including:

·  ‘Operational Requirements for Air Traffic Management (ATM) Air/Ground Data Communications Services’, Eurocontrol, Edition 1.0, 15 January 1998,

and covered the three major types of air/ground point to point communication: ATSP, AAC and AOC.

The results provided in [5] were structured in a number of ways including:

· timescale

· phase of flight

and included the length of user data associated with each message in each transaction and the frequency of each transaction..

For the purpose of the analysis presented here, all transactions are included for the latest timeframe (2015) considered in [5] – no attempt has been made to divide out, for example, pre-flight messages.  The data load therefore represents an upper limit for the load per aircraft/ground station pair in the timeframe up to 2015.

Figure 2‑1 illustrates the user data size and message frequency obtained from [5].
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Figure 2‑1: Message frequency for ATS/AAC/AOC messages

It can be seen that:

· the message load is dominated by the ATS class

· most ATS messages are short (<40 octets)

· there is a significant AAC/AOC load with a user data size of 26 octets (this corresponds to the downlink of weather updates)

· there is a smaller load of long AAC/AOC messages (many of these are associated with transfer of pre-flight data) which accounts for approximately 10% of messages and 30% of the channel usage.

7.3 VDL Mode 4 burst length

Figure 2‑2 shows how the message load transfers to Mode 4 bursts with length measured in slots.  The actual conversion depends on a number of factors including the burst overhead and hence the results shown here are approximate although believed to be representative.  The method set out in [3] has been used to make the conversion.
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Figure 2‑2: Message frequency against VDL Mode 4 burst length

It is clear that most messages can be sent in two slots.  A few AAC/AOC messages require very many slots but this is a small part of the overall load.

The total ATS load may therefore be summarised as 5 messages per minute of typical length 2 slots.

7.4 Impact on design

It is clear from the context presented in this section that:

· The DLS protocol should provide an efficient transfer protocol for 2 slot messages.  This should be the main priority of the protocol design.

· In addition, it is desirable that the DLS protocol should provide an efficient transfer protocol for very long messages, particularly if VDL Mode 4 is to support the AAC/AOC class of messages.

8 Rationale for introducing a new protocol

8.1 Introduction

This section provides a brief summary of the rationale for introduction of an alternative DLS protocol.  The material presented is drawn from references [1] to [4].

The section is presented as follows:

· a brief summary of the main features of AVLC and the new proposed Transmit/Acknowledge protocol

· a summary of the advantages and disadvantages of each of the protocols for meeting the operational requirements for point to point data exchange.

8.2 Summary of protocols

8.2.1 AVLC

AVLC is the current protocol specified within VDL Mode 4.  It is based closely on the protocol used within VDL Mode 2 and has, in addition, special burst formats and transmission protocols which are intended to take advantage of the Mode 4 VSS reservation protocols.

The main feature of AVLC is that it makes it possible to transfer up to 4 frames before an acknowledgement is required.  In conditions where there is a queue of messages to transfer, AVLC offers the potential advantage of reducing the acknowledgement overhead.

The combination of AVLC and the transmission protocols makes it possible for a ground station to select preferentially higher priority messages.  However, the opportunities for pre-emption of a low priority message with a higher priority message are limited, since a particular stream of 4 messages, including any necessary re-transmissions, must be completed before other packets can be transferred.

AVLC does not provide facilities to segment longer messages.  Currently this is carried out by CLNP, and introduces a large segmentation overhead (typically 10 octets).

8.2.2 Transmit/Acknowledge

[2] describes a simpler protocol in which every frame is acknowledged before the next frame is transmitted.  Duplicate suppression is achieved via a “toggle” bit.

Long messages may be segmented using a “more bit” protocol.  The proposals in [2] also include a priority management scheme, which allows for pre-emption.

8.3 Comparative analysis of protocols

8.3.1 Performance for transmit/acknowledge transactions (short user data)

AVLC makes it possible to use a single acknowledgement for up to 4 messages.  However, the ATS load of 5 messages per minute of typical length 2 slots means that this ability will rarely be useful.  In Mode 2, the T2 timer sets how long a station should wait for other packets before sending an acknowledgement.  The default value is 0.5 seconds.  Simple calculation shows that only on an average of 3% of occasions could another packet be queued to send on such a timescale.

Hence AVLC offers little advantage for sequencing short packets over a simpler TX/ACK protocol.  Indeed concatenation of short packets can be carried out in the Frame Mode SNDCF [2] and hence any marginal advantages of AVLC are negated.

Hence, for most messages to be carried over the Mode 4 link, it would be better to provide an efficient burst structure that carries the largest possible user data load rather than to introduce additional bits to control a flow window protocol such as AVLC.

8.3.2 Performance for transmit/acknowledge transactions (long user data)

Although the dominant data load is short messages, there is a significant load of very long messages to support AAC/AOC applications.  As currently defined these would be handled by Mode 4 as follows:

· the message would be segmented by CLNP, adding a segmentation overhead

· batches of up to 4 segments would be transferred by AVLC.

A simpler protocol offers the possibility of carrying out segmentation within the link layer.  This has two potential advantages:

· a reduced formatting overhead

· the potential to map the segment size to the channel load conditions.

However, the simpler protocol suffers from the disadvantage of introducing additional acknowledgement overhead since each segment needs to be acknowledged.

The balance between the reduced formatting overhead and the need for increased acknowledgements rests on the maximum segment size.  The analysis presented in [3] indicated that without an FEC and at BER of 10-4, a typical maximum segment size of 10 slots can be supported (although this decreases rapidly for BER greater than 10-4).  Under these conditions, the simpler protocol introduces 3 extra slots compared with AVLC for transfer of 4 10 slot segments.  This 7% increase in overhead is compensated for by the decrease in formatting overhead (assuming that CLNP segmentation introduces at least 7 extra octets of overhead, this equates to approximately 2% increase for a 10 slot message).

Conversely, if an FEC is introduced very long segments may be transferred.  Assuming that the segment size is set to 50, the additional overhead introduced by the simpler protocol is 1% and there is little to choose between the two protocols.

Hence AVLC offers marginal advantages in terms of overhead for the transfer of long messages in the case where there is no FEC.  However, note that the transmit/acknowledge protocol makes it possible to segment messages within the link layer and to match the segmentation to the current channel load conditions – this is likely to be important in optimising the throughput on the channel. In the current system, the maximum segment size is fixed within CLNP.  The value chosen has to be conservative in the sense that it should err on the side of shorter packets.  Hence it is not possible to take advantage of opportunities to make better use of the channel with longer packets when load conditions allow.  This ability would be supported by the Transmit/Acknowledge protocol.

8.3.3 Priority handling

AVLC does not provide support for message priority.  Thus once a given message has been transmitted, it is not possible to send a higher priority message until the first message has been acknowledged.  High priority packets may become significantly delayed particularly when the lower priority packet needs to be re-transmitted.

The introduction of a new protocol makes it possible to include mechanisms for pre-emption.  [2] proposes a relative priority scheme which enables a higher priority message to be sent in the middle of a stream of lower priority messages.  Referring to the operational context established in Section 2, it is particularly important to provide this mechanism if ATS and AAC/AOC messages are to be sent on the same channel.  AAC/AOC provides a number of very long messages that would have to be segmented.  The protocol proposed in [2] makes it possible to send a higher priority ATS message in the middle of the segmented AAC/AOC message.

8.3.4 Leave event generation

AVLC provides timers that enable loss of communications to be detected and therefore to generate “leave events”.  In VDL Mode 2 this relies upon the aircraft monitoring all transmissions from a ground station and has a known problem with the ground station detecting an aircraft going out of range.  This is because the timer is set to a very long period (60 minutes) in order to minimise load.

In VDL Mode 4, periodic broadcasts (typically for ADS-B purposes) provide an alternative and more efficient MAC layer mechanism for determining when an aircraft has left the NET.  

In principle, modifications could be made to AVLC to incorporate the use of periodic broadcasts for Leave Events.  However, the introduction of an alternative protocol provides an opportunity to incorporate this feature as part of the overall re-design.

8.3.5 Protocol complexity

A key advantage of the Transmit/Acknowledge protocol is that it is a much simpler protocol to define and implement than AVLC.

The unique functions of AVLC are duplicate detection and rejection and a “sliding window” scheme for flow control and acknowledgement.  However the usefulness of the sliding window mechanism without segmentation is questionable, and in any case there may be no benefit from this procedure in a VDL Mode 4 context due to the operation of the short and long message transfer procedures [4].

It is proposed that the Transmit/Acknowledge protocol is based on that used in VDL Mode 3 which has a much simpler DLS and uses a smaller set of frame types.  The outline specification for the protocol is given in [2].

8.3.6 Removal of errors, inconsistencies and ambiguities

The approach that has been taken in specifying the current VDL Mode 4 AVLC protocol has been to refer to the VDL Mode 2 Technical Manual wherever possible.  Although there were reasons for this, primarily to remove the need to re-validate requirements that had already been validated within the development process for Mode 2, the effect has been to introduce a number of errors, inconsistencies and ambiguities into the specification.

Examples include:

· re-transmission procedures are specified within the DLS and within the VSS.  

· the “T2 timer” appears to have different meanings in the two systems.  In Mode 2 it is used to set a maximum waiting time before an acknowledgement must be produced.  In Mode 4, it appears to be the minimum time to wait before an acknowledgement is produced.

· A detailed inspection of the LME procedures for channel management has not been carried out and it is not clear whether the procedures are optimised for use within Mode 4.

Even if it is decided not to implement a simplified DLS, it will be necessary to review and revise the referenced VDL Mode 2 requirements and, preferably, to incorporate the procedures into the VDL Mode 4 technical manual.  Introduction of a new DLS provides an opportunity to carry out the work and to produce an optimised system.

8.4 Conclusion

Introduction of an alternative DLS protocol is therefore proposed on the basis that:

· it provides a simpler specification that should be more straightforward to implement and validate:

· it overcomes some limitations of AVLC including:

· improved leave event generation

· introduction of segmentation in the link layer with associated reduction of CLNP overhead

· enhanced functionality can be introduced including:

· flexible frame size according to link conditions

· pre-emption of low priority messages

· duplicated functionality can be removed, specifically:

· concatenation of small frames (actually provided by Frame Mode SNDCF)

· a new draft provides the opportunity to remove errors, inconsistencies and ambiguities including:

· location of re-transmission procedures

· removal of instances where eg timers have different functions

The introduction of a new protocol also provides an opportunity to optimise the DLS so as to make best use of the reservation protocols for the expected message load presented in Section 2.

The main disadvantage of introducing a new DLS protocol appears to be a marginal loss of performance for transfer of segmented messages for a system that does not include an FEC.  This disadvantage is offset by the advantages provided by matching the segmentation length to the current channel load characteristics and there would be no advantage if an FEC were introduced into the Mode 4 system.

Note that the purpose of this document is not to address specifically the issue of FEC.  One advantage of an FEC is clearly set out (ie to remove any residual disadvantage of removing AVLC).  However, there are other possibly beneficial aspects of an FEC such as reduced latency since fewer re-transmissions will be required.  These should be considered separately by WG-M.
9 Protocol design issues

9.1 Introduction

This section discusses a number of design issues which will influence the protocol definition.

Many of the design issues have already been presented in [1-3] and have been taken account of in the analysis presented in Section 3.  Hence it is assumed that:

· the basic Transmit/Acknowledge protocol, specifically the use of the T-bit and the M-bit, will be based on the specification given in [2].

· the relative priority scheme will be based on that proposed in [2].

· Data Link management procedures will be based on Mode 2 as proposed in [4] taking account of the potential to generate leave events from sync bursts.

These baseline assumptions need to be validated by WG-M members based on a review of [2] and [4].  The purpose of this section is to analyse other design issues mostly associated with the design of the special transfer protocols that would replace the current long and short transmission protocols.

One of the appeals of the transmit/acknowledge protocol is its simplicity.  This appeal reduces if complex transmission procedures are required.  Hence, this section presents a number of possible transmission procedures and uses a simple performance assessment of the Mode 4 link to evaluate the impact and hence importance of each transmission procedure.  

For the purposes of performance assessment, a baseline scenario is presented in which the data load derived in Section 2 is delivered using random access only.  The section then proposes a number of different uses of reservation protocols and assesses the effect on the baseline scenario.

9.2 Baseline scenario

The overall performance of the data link will depend critically on the balance between random and reserved access.  Unfortunately, the data load is characterised by a requirement for transfer of short length messages with a relatively long delay between each message.  This makes it difficult to gain the most benefit from the reservation protocols.  Nevertheless, wherever possible reserved access should be supported by the protocols.

To illustrate the effects of random and reserved access, consider a purely random protocol.  The probability of successful message transfer is influenced by the following factors [6]:

· the p-persistence random access protocol which, as the channel load increases, leads to an increased chance of two or more stations transmitting simultaneously.  This in turn leads to an increased probability of message corruption and loss.

· the hidden terminal effect.  Channel sensing by the ground station is restricted by the curvature of the earth, so an uplink is susceptible to hidden terminal broadcasts (from other ground stations or aircraft at low altitude). The risk of hidden terminal effects increases with the altitude of the receiving aircraft (which determines the number of potentially mutually obscured ground stations). Channel sensing by a ground station yields false-negatives: the ground station hears idle but the aircraft receiving the uplink hears busy, and the message is lost to a collision. The probability of loss increases with message length.  Downlinks do not suffer from hidden terminals.

· the exposed terminal effect. When an aircraft senses the channel prior to downlink, it may hear an outside transmission that would not affect the ability of the intended destination ground station to receive the aircraft's downlink broadcast, and wait needlessly. This is the exposed terminal effect. An aircraft will defer to all transmissions it can hear, whether inside or outside the service volume of the ground station.  This leads to downlink message delay.

The analysis presented in [6] models the expected throughput for various Mode 2 scenarios taking account of the above factors.  Typical maximum channel utilisation for an en-route scenario is between 5 and 10%.  

Assuming that the DLS protocol in Mode 4 operates on a random basis, its performance is likely to be very similar to that obtained by Mode 2.  Hence channel utilisation of 10% is probably typical for random access, corresponding to the use of only 450 slots for data transfer.  Note that the value of 10% is chosen for illustrative purposes.  Whereas this value could be a low or high estimate, the exact value is unlikely to change the conclusions reached for the design of the transfer protocol.  Note that the purpose of the analysis is not to provide a definitive model of Mode 4 performance for the purposes of comparison with other technologies.

To assess the baseline performance, consider a scenario, based on the data load requirements set out in Section 2, of 5 two-slot messages per minute per aircraft/ground station pair, each message having a one slot acknowledgement.  The following assumptions are made:

· a total of N transactions are made per minute

· once a random access has been made, the second slot of a two slot message is “protected” in the sense that no station tries to transmit in the same slot (ie the hidden terminal effect is not taken account of in this analysis).

· the efficiency of random access is 10% (as stated previously, this is for illustration purposes – it is believed to be representative but no validation has been carried out).

Assuming that both the message and the acknowledgement are sent by random access:

· N slots are protected (corresponding to the second slot of the two slot message)

· 4500 – N slots are available for random access and must contain 2N transmissions (the first slot of the message and the acknowledgement).

· hence 10% * (4500 – N) = 2N. (the left hand side of this equation represents the actual slot usage for random access based on a 10% efficiency)

· which implies N = 214 and 43 aircraft can be supported.

Fortunately, this performance can be improved by a number of measures which could be built into the DLS transfer protocol and which are discussed below.

9.3 Reserving a slot for the acknowledgement

Assuming that the message is sent by random access, simultaneously reserving a slot for the acknowledgement:

· 2N slots are protected (corresponding to the second slot of the two slot message and the acknowledgement)

· 4500 – 2N slots are available for random access and must contain N transmissions (the first slot of the message).

· hence 0.1 * (4500 – 2N) = N.

· which implies N = 375 and 75 aircraft can be supported.

As might be expected, reserving a slot for the acknowledgement produces a significant improvement in performance.

9.4 Uplink transfer in ground reserved slots

VDL Mode 4 includes a number of VSS protocols which enable the ground station to reserve slots for its own use.  Assuming the use of these slots is coordinated between ground stations, there is the potential to remove much of the conflict introduced by the random access protocol.

A first possible use for the ground reserved block of slots is to contain uplink message transfers.  No prior announcement of the transfer would be required by the ground station.

Assuming that the downlink message is sent by random access, simultaneously reserving a slot for the acknowledgement, that the uplink is sent in a ground reserved slot and that the uplink and downlink loads are equal:

· 5N/2 slots are protected (corresponding to the second slot of the two slot downlink message, the uplink message and both acknowledgements)

· 4500 – 5N/2 slots are available for random access and must contain N/2 transmissions (the first slot of the downlink message).

· hence 0.1 * (4500 – 5N/2) = N/2.

· which implies N = 600 and 120 aircraft can be supported.

This measure, used in addition to the reservation of a slot for the acknowledgement of the downlink, provides a considerable increase in the number of aircraft that can be supported.  

A further advantage of placing the uplink in ground reserved slots is that, assuming good coordination between ground stations, the impact of hidden terminals is removed, providing greater delivery integrity for uplink messages.

9.5 Acknowledgement of downlink in ground reserved slots

A possible additional source of inefficiency in the previous scenario relates to the placement by the mobile of a slot for the acknowledgement of the downlink.  The mobile will have to place this outside of the ground reserved blocks in the region of the slot map where there are a significant number of random access events.  The presence of the reserved slots may constrain slot choice for random access and further reduce the efficiency of the random access protocol.

This can be avoided by allowing the ground station to select its own slot for the acknowledgement within the ground reserved block.  Hence, in a scenario where use is made of ground reserved blocks, it is better for the mobile to send a downlink message without a reservation for the acknowledgement as long as the ground station places the acknowledgement within the ground reserved block.

There is a further advantage of this option for the downlink: because the burst no longer has to contain an unicast reservation type, an extra three octets become available for data allowing, in some circumstances, a 2 slot messages to be reduced to a 1 slot message.

If this measure is adopted within the new protocol, consideration needs to be given to the timing of the acknowledgement.  One advantage of using a reserved slot for the acknowledgement is that the source station can define precisely the acknowledgement response time.  If no acknowledgement is received, immediate re-send can take place.  This has a beneficial effect on the control of latency.  Without the pre-reserved acknowledgement, the timing of the acknowledgement is harder to predict and timers may be required.  To avoid this, a clear requirement needs to placed on the ground station to provide the response within a certain time.

9.6 Linking messages

The scenario presented in Section 4.4 provides a channel utilisation of 600 * 3/4500 = 40%.  60% of slots are still wasted because of the need to use random access for the downlink.  A number of measures could be considered to further minimise this wastage.

Firstly, a station having a sequence of messages to transfer could place a request to send within the message transmission.  The receiving station could then place a reservation within the acknowledgement for the next packet.  A mechanism for this was proposed in [1].  This mechanism is most likely to be useful for downlink transfer of segmented messages. In the uplink case, the ground station can just place the sequence of messages in ground reserved blocks.

A second possible mechanism is to allow an aircraft acknowledging an uplink to simultaneously place a reservation for a downlink.  This is useful when an aircraft just happens to have a message waiting in its queue and can use the acknowledgement as an opportunity to avoid the random access protocol.

A third option might to provide a reservation in the case where a station sending a message recognises that it will require a subsequent response to the content of the message contained in the uplink.  The timing of the response varies according to the application and hence the information on the timing would have to be provided to the DLS.

Analysis of the data used in Section 2 shows that approximately 25% of ATS messages are produced in response to previous messages and should occur within standardised response times. Figure 4‑1 shows the typical delays involved:
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Figure 4‑1:  Delay characteristics for response messages

The responses which have delays of between 20 and 30 seconds are possible candidates for a reservation for the response being placed at the same time as the initial message transfer.  For example:

· a ground station uplinks a message which requires a response

· the uplink message contains a reservation for the acknowledgement

· when the acknowledgement has been received, the ground station places a further reservation for the response.

The difficulty lies with how to correlate the response reservation with the response itself.  It may be just as efficient to place the reservation and then let the mobile use it either for the response when it arrives or for some other purpose if another packet comes along.  What the mechanism is doing is predicting that at least one downlink packet will be required at a point in the future and hence it removes one random access.

A possible strategy for using such a mechanism is to link the response to the priority of the message.  Broadly, for high priority messages it is important to reduce latency whereas for lower priority messages spectrum efficiency is more important.  Hence, for high priority messages, it may be beneficial to always reserve a later slot so as to provide the responding station with a hook on which to hang a high priority response.  If the slot is not used, there is a small decrease in link utilisation but this disadvantage may be outweighed by the improved latency.

9.7 Use of regular mobile transmissions on the data channel

The usefulness of the mechanisms proposed in Section 4.6 depends on the detail of the data load.  They present windows of opportunity for efficiency improvements by removing a proportion of the random accesses.  However, because of the scale of the wastage due to random access, it might be preferable to remove random access altogether by providing each aircraft supported by the ground station with an opportunity for a regular data transfer.  For example, each aircraft could be set up by the ground station to report every 6 seconds.  The reports could then be used by the aircraft to set up a further reservation for data transfer.  Although at first sight this seems wasteful, it is not as wasteful as the random access protocol:  

· 3N slots are protected (corresponding to all point to point data exchange)

· N/5 aircraft are supported and therefore 10 * N/5 slots are required for regular reports

· No slots are required for random access.

· hence 3N + 10 * N/5 = 4500.

· which implies N = 900 and 180 aircraft can be supported.

This is a large increase in the number of aircraft that can be supported.

The drawback of this approach is that transfer delay is tied to a defined access point meaning that some messages could be delayed by up to 6 seconds.  This may be a necessary evil in order to increase the efficiency with which the channel is used.  However, a management strategy could be put in place to make use of the mechanism for low priority messages only (where spectrum efficiency is important) and to use other mechanisms for high priority messages.

9.8 Use of sync bursts on the GSCs

A variant of the previous scheme might be to use the regular ADS-B reports on the GSCs to flag that a message is waiting to be sent.  The aircraft would set a flag in the sync burst, indicating the requirement to transfer a message.  The ground station would then send a burst requesting details of the message, the station then sends the length (RTS), the ground station sends CTS and then message transfer can occur.  Hence two more slots are required per message:

· 3N slots are protected (corresponding to all point to point data exchange)

· An additional 3 protected slots are added per downlink = 3*N/2

· No slots are required for random access.

· hence 3N + 3 * N/2 = 4500.

· which implies N = 1000 and 200 aircraft can be supported.

The scheme is tied to the reporting rate on the GSCs and hence introduces latency.  It also requires a) a spare bit in the sync burst b) a one-to-one mapping between a mobile and a ground station for the purposes of point to point data exchange to prevent ambiguity as to which ground station receives the message c) a one to one mapping between a mobile and a channel for point to point communications

Note that the previous scheme can be pushed to the limit by making it support transfer of up to 3 slots only:  now there would be 2 bits in the sync burst indicating the length of the packet to be transferred.  The removes the need for the first two bursts in the previous scenario:

· 3N slots are protected (corresponding to all point to point data exchange)

· An additional 1 protected slot is added per downlink = N/2

· No slots are required for random access.

· hence 3N + N/2 = 4500.

· which implies N = 1286 and 257 aircraft can be supported.

9.9 Request to send/clear to send

The previous scenarios have focussed on transmission by a mobile of a downlink packet without prior announcement.  There are advantages in this approach for short packets because a request to send/clear to send formulation similar to the current long transmission protocol introduces additional slots.  However there are two main advantages of using request to send/clear to send:

· it enables long packets to be protected by a prior reservation

· it enables the ground station to impose priority management

9.10 Multiple acknowledgement in the same burst

Note that the nature of the ATS data load is for transfer of one off messages.  This means that in most cases, the acknowledgement completes the exchange between a ground station and a mobile station.  It may therefore be beneficial to allow the ground station to acknowledge more than one mobile station in a single burst.

9.11 Summary

The proposals outlined above are clearly in need of further work and validation but they do provide some ideas on how a channel could be used most effectively.  In the final scenario (Section 4.8), 86% of the channel is used for data transfer.

The combination of measures proposed introduces complexity into the new protocol and WG-M members need to take a view as to which should be implemented.  The following table summarises the measures proposed.

	No
	Measure
	Comment

	1
	Reserve a slot for the acknowledgement
	Very similar to the current short transmission protocol.  An example is given in [1] (example 1)

Provides significant improvement in performance. Adoption recommended

	2
	Uplink transfer in ground reserved slots
	Introduces no new protocol elements – just requires the ability for the ground station to locate a transmission within a ground reserved lock

Adoption recommended

	3
	Acknowledgement of downlink in ground reserved slots
	No new protocol element – just the ability for the mobile to operate in a mode where no reservations are placed for the acknowledgement.  Offers the advantage of allowing more user data per slot.  Because using the approach when there are no ground reserved slots is seriously detrimental to performance, the use of this procedure for downlink needs to be agreed with the ground station at link establishment

Maximises the efficiency of the random protocol. Adoption recommended

	4
	Linking sequences of messages
	Requires incorporation of request to send within the message.  Example given in [1] (example 3).

Gives a useful performance enhancement for segmented messages.  Adoption recommended

	5
	Linking uplink and downlink messages
	Provides a mobile with an opportunity to include a reservation for a downlink in the acknowledgement of an uplink.

Removes some random access.  Adoption should be considered

	6
	Placing a reservation for a response
	Operation is application dependent making it difficult to incorporate into the DLS.  Recommend that possible advantages of this approach be discussed

	7
	Use of regular mobile transmission on the data channel
	Provides a surprising enhancement in channel capacity but suffers from latency issues.

Possible advantages should be discussed by group

	8
	Use of sync bursts on the GSCs
	Provides best capacity but suffers from latency, needs modification to sync burst formats and careful management of mobile/ground station relationship

Recommend discussion

	9
	Request to send/clear to send
	Required to protect long transmissions and to enable ground stations to carry out priority management.  Example given in [1] (example 2)

Adoption recommended

	10
	Multiple acknowledgements in the same burst
	Introduces efficiencies in the number of slots required for acknowledgements

Adoption recommended


Note that the mobile may be required to operate in a number of modes:

· if there are no ground reserved blocks and hence no formal ground station control, mobile should reserved a slot for the acknowledgement or use the request to send/clear to send mechanism.  Note that this should be the default behaviour and is equivalent to the choice between short and long transmission procedures in the current specification based on message length.

· if there are ground reserved blocks, the ground station may require the mobile to operate without placing a reservation for the acknowledgement

· under ground control, the ground station may require the mobile to always use request to send/clear to send procedures so as to facilitate priority management.  Alternatively, the ground station may require this to occur only for messages over a certain length.

Production of an efficient transfer scheme will also require definition of management procedures.  For example, different mechanisms could be used for high and low priority messages.

10 Way ahead

10.1 Issues to be addressed by WG-M

This document has summarised the issues associated with introduction of a new DLS protocol.  Some of the detail is contained in other documents which will be distributed with this document.

WG-M need to address two main issues:

· decide whether or not to go ahead with a new DLS protocol

· if the decision is to go ahead, consider the design issues presented in this and other documents to finalise a specification for the new protocol.

Regarding the first issue, the rationale for a new DLS protocol is set out in Section 3 of this document.  Supporting information is provided in [1-4].

The design issues to consider are:

· the basic Transmit/Acknowledge protocol, specifically the use of the T-bit and the M-bit.  This is described in [2].

· the relative priority scheme described in [2].

· the data Link management procedures proposed in [4].

· the transmission protocols described in Section 4 and [1].

10.2 Work programme

Eurocontrol are funding development and validation work for the new DLS protocol.  The currently proposed milestones for this work are as follows:

· 16 November 2001:  Design review meeting to agree outline specification for protocol

· Early December 2001:  Presentation of draft text for Technical Manual for review at WG-M

· End 2001: Completion of second draft text for Technical Manual taking account of comments received from WG-M

· End March 2001: Completion of validation activities and presentation of validation report and third draft of TM text to WG-M

· April 2001:  Decision by WG-M on adoption of TM text.

10.3 Validation plan

The main method of validation will be a detailed inspection process backed up by analysis and simple modelling and simulation where necessary.  The inspection process will consist of:

· identification of all of the protocol states

· determination of all possible routes connecting the states and the associated events which determine the route.  The events might include, for example:

· successful receipt of a transmission

· failure to receive a transmission

· pre-emption with a higher priority packet

· corruption of a packet

· etc

· step through of the protocol to identify live locks and dead locks

The aim of this part of the inspection process will be to identify any protocol features that could lead to mis-delivery, duplication, loss or unacceptable delay of packets.

For link management, the inspection process will include:

· assessing the completeness of the available parameters

· stepping through the parameter exchange protocol

· stepping through the join and leave events and assessing the linkage with generating events based on sync bursts.

For the special transfer protocols, the inspection process will assess any additional protocol elements introduced by the reservation protocols.  In particular, the impact of linking data transfer by placing a reservation in a prior data packet will be assessed.

A combination of inspection and analysis will be used to assess the throughput performance of the protocols.  This will include:

· use of a previously developed spreadsheet to assess data throughput

· development of a simple modelling approach to assess transit delay as a function of link reliability and timer settings

· simple calculation to assess data integrity.

The validation task will also assess:

· If there are lost packets, how much data is lost in resetting a particular link?

· Impact of no flow control?

· Impact of delivery by more than one ground station

Part of the validation work will involve the production a simple single system test harness – this would be a simple piece of code which would test how well the protocol has been described and validate its key components.

An independent validation team (ie one that was involved in the drafting process) will be used for this work in order to bring fresh eyes to the work, making it easier to spot inconsistencies and errors in the protocol and to ensure that the protocol has been well documented.

Attachment B

Further considerations on the development

of the change proposal for the

VDL Mode 4 DLS protocol

The table below shows the comments made on the first draft of the DLS change proposal Document by Steve Friedman (SF) from ADSI and Marcus Gustafsson (MGS) from SAAB. The review comments were discussed during a telecon on 6 December 2001 involving Mike Shorthose (MS), Steve Friedman (SF) and Tony Whyman (TW).  The actions agreed are also recorded in italics in this document. These comments were incorporated into version 0.3 of the DLS draft change proposal which is submitted to WGM/3 meeting.
Introduce the following options for the ACK:

· support the equivalent of the DM frame, indicating that a link has not been set up Agree to use the spare link control field and coding in the bits 8 to 4. 
· support the equivalent of the FRMR frame, allowing the link to be reset – need a FRMR_ACK and to clear entire state.
· allow the inclusion of a station address so that a station can acknowledge one peer station whilst setting up the next transfer to a different station – problem here is that the lower layers of the radio might filter out the burst and never deliver it to the DLS of the station being ACKed.Agree not to do this because it has too great an impact on the VSS
Provide an option for a station to put in a unicast sdf = source so that it can transmit to a different destination.  Agree minor change to VSS saying that it can go anywhere and that it cant be used for slot re-use.
Regarding the combination of frames:

· allow combination of RTS/RTS and DATA/RTS for now – For RTS/RTS difficult to differentiate between order.  Agree not to do RTS/RTS but to do instead DATA/RTS.
· allow linking via M-bit.  Consider whether we interpret the M-bit link as another segment of the same length and then put in an RTS in the last but one DATA transfer to indicate the length of the last segment.  If we dont do this, we need to put a reservation in the ACK to allow the sending station to transmit its RTS. First RTS could tell you length of last segment.  MS worried that sender might want to put in a higher priority segment via an RTS.  Hence RTS approach is better than M-bit approach. Decide to remove M-bit linking
· allow RTS/ACK combination as per version 0.1. Agreed
· allow DATA/ACK combination as per version 0.1. Agreed
· put in a statement somewhere that the sending station must take account of the possibility to include an RTS with a DATA frame when deciding segmentation and choice of transmission procedures Decided that this is easy to incorporate and implement via maximum length of segment N4.
· say that first RTS is the one to use – second RTS comes into play only when it is time to ACK the first – no longer necessary
· DATA frame comes last – requirement to be added
Decide on terminology for CTRL/XID issues. Agree to say that CTRL frames are containers for XID parameters.  CTRL is for LME.  Need to make sure that we do not use XID frame and edit it out.
Try to understand meaning of Steve’s ZOCOP comments.  Intention is to use this for air-to-air. There is no set up parameters.  Mechanism is to put one bit in header or a ZOCOP link start and includes data.  Tears down after eg 60 seconds of inactivity (Transmit), 2 minutes receive.  After start up, just us INFO frames. Note: If do XID start up then get T4 tear down.  Need to decide how to handle link starts sent in both direction.
Agree on approach to p-persistence algorithm – hold for now
Discuss the re-transmission/T4 issues: 
Re-transmission – leave it for now.

T4: Agreed that, to eliminate the T4 timer, we would require a ground station, upon starting up, to transmit one or more times an XID_CMD broadcast handoff to alert all aircraft that might have been previously connected to it that they no longer have a connection.need a keep alive.  To be incorporated in text in the next review cycle
Other DLS issues

· N3/bit stuffing – base N3 definition on a formula relating slots and octets– needs to be SARPed
· Recommendation for where to put reservation for CTS Decide to remove this.
· effect of RTS with same C,T settings – put no linkage in
· need for a NACK bit? – useful to say did not get it.
· use of singlecast and multicast – work those terms in
QoS issues:

· do we want to set these per priority and per uplink/downlink – yes.
LME issues

· need for periodic transmission management parameter – actually in section 3 (but check it can fit in with our changed XID formats)
· Mode 2 version - check
· review required XID parameters and procedures – Revert private parameters back to Mode 2 private parameters where appropriate.
XID transfer procedures – we need it because transfer is different.  More work needed
· I would really like to remove these and use the DLS ones.  One issue is how to handle the fields currently in the RTX.  Also, we used a compressed XID burst which allowed us to just use Mode 4 parameters and in particular to get the DOS message in one slot.  It would be good to come up with a CTRL format that achieves the same but also contains everything else if necessary.

SF does not like the periodic stream idea – MS to consider what to do.

SF would like to have a parameter which says you can not make a reservation for more than 5 seconds in the future.  MS: How do we know it is a data channel – answer via an XID parameter that includes the time.  MS to put in although not done in version 0.3.  Will be added later
XID parameters – can delete expedited connection management and broadcast connection
SF proposes putting distress at priority 3 – to be considered.  Not yet incorporated
	· Review comments
	· MGS comment
	· Action

	· MS/SF dialogue
	· 
	· 

	> Steve

> I have started going through your comments and will come back with

> questions later.  However, I realise that you have interpreted my link

> control fields slightly differently to how I intended them: a difference

> which became apparent when I looked at your comments on the text where I

> had tried to combine different frame types.

> 
> My intention had been that a single DLS burst can contain any number of

> frames between two well defined peers.  Hence a DLS burst containing two

> RTS has two link control fields (a total of 4 octets).  Where there is a

> DATA frame, there is also user data and hence the DATA frame needs to go

> last and we can only include one.

then we certainly don’t need the C/R bit.
	· So no C/R bit – because we have tow different CTRL frame types
	· Closed

	> 
> There will be a single reservation type, not one for each frame.  This

> obviously places a restriction on how we can combine protocols since the

> chosen reservation type has to be good for both and of course deal with

> data to the same destination.  

This was one of the things that I noted in the telecon.  My simulations with DRMA showed that because the ground station had a lot of transmissions, having it convert its random transmissions into reserved transmissions with a piggybacked reservation is a huge win.  However, in general this can only occur if the destination for the two bursts can be different (or if the ground can make use the unicast where the sdf=source does not imply a transmission to the destination).

· 
	· I think there are (at least) two options to work up here:

· 1) Allow an ACK to point to a different station than is referenced by the reservation type.  This allows the ground to finish one transaction and start another to a different station

· 2) Put some sort of clarification that the unicast with sdf = source does not imply a transmission to the destination – it is just an opportunity to do something else

· 2) appeals most because it does not change the current formats.  1) is probably pretty easy as well
	· MS to produce some initial text Closed

	> 
> The linked protocols I have tried to include would flow out as follows

> (assuming no message loss):

> 
> 
> A) 2 RTSs:

> 
> RTS T=0 + RTS T=1 + unicast, CTS T=0 + info Tfr, DATA

> T=0 + response, ACK T=0 + CTS T=1 + info tfr, DATA

> T=1 + response, ACK T=1 + response

> 
> So we can send up to two segments or two different messages if the C

> values are different.

I don’t understand how this would work in practice.  I believe that it is very dangerous to have RTS’s out for both T values at the same time because the receiving station cannot differentiate between whether this is a new T value (and thus requires a CTS) or the old T value (and can short-circuit the request with an ACK).  Relying on the order (T=0,1 versus T=1,0 seems dangerous).  The only safe operation would be if the C values were different.

· 
	· See comments below
	· Closed

	> 
> B) M bit linking

> 
> RTS T=0 M=1 + unicast, CTS T=0 + info Tfr, DATA T=0 M=0 +

> response, ACK T=0 + unicast, RTS T=1 M=0 + unicast, CTS

> T=1 + info Tfr, DATA T=1 M=0 + response, ACK T=1 + response

> 
> This adds an additional transmission to link the two segments but has

> the advantage that you can continue on the same lnked series of segments

> until the whole message has been transferred.

I like M-bit linking (this keeps the number of random transmissions to 1).  But, I am confused by the ACK/RTS/CTS transmission.  I would think that the following would make more sense.

· RTS T=0 M=1 + unicast -->

· <-- CTS T=0 + info Tfr

· RTS T=1 M=? + DATA T=0 M=1 + response

· <-- ACK T=0 + CTS T=1 + info Tfr

But, again, I think that this might be dangerous with the T values being confused.  I have to think about this some more.  This might be safer with 2 bits of T-value to ensure that there is no possibility of confusing the protocol (which then brings in the possibility of the FRMR)...

On a side topic, in the current technical manual, the CTS is just a supervisory frame (either RR or SREJ) with an info xfer res type.  Now, you’ve made is a separate frame type.  Any reason for that?

· 
	· Your alternative is in line with my suggestion to put an RTS in the DATA.  I agreed that there is a general issue of having two outstanding RTS’s.  However, the stations deal with the first before moving to the second and therefore I think it is OK.  I suggest we go ahead and include this possibility that then do some hard validation to identify when problems might occur.

· I think if we take that approach it also keeps the dual RTS option since there is little difference between that and including the second RTS in the DATA packet

· Regarding the formatting of the CTS my reasoning was simply to provide a very compressed format  A CTS frame just needs the link control field and there is no user data.  I tried to get away from the terminology that I had associated (perhaps wrongly) with AVLC. 
	· Clarify text but include RTS/RTS and DATA/RTS options for now
· Only RTS/DATA included

	> I had also thought of using two RTS with the second one set at L=0 in

> order to force a unicast reservation into the ACK of the first message.

> The station then puts in another RTS in the reserved slot which includes

> the length.  The possible advantage of this is that it allows a station

> to flag its intention to send another packet but allows it to decide

> what type of packet later on.  In retrospect this seems to offer little

> over scheme A)

> 
> c) INFO RTS linking

> This scheme is a bit like A only it combines the second RTS into the

> INFO frame.  The advantage of this is that you can continue the stream

> ad infinitum and avoids the need to place an RTS is a separate slot.

> Itsuffers from the problem that the station must decide in advance that

> it will use this mechanism and thereby reserve two octets in each DLS

> burst containing a data frame.

I think that this is the concept that I outlined.  I don’t understand your perceived disadvantage—the station, upon computing the length to request, must take the RTS bytes into account.  But, this will be accomodated by N4.

· 
	· So we just need to make the RTS/DATA combination possible and indicate that the station should take account of any additional frames during the segmentation/link decision process
	· Action MS to provide some text
· Closed

	> 
> D)  Uplink/downlink combination of ACK and DATA

> It is possible to combine an ACK with a DATA in my intended format hence

> I hope this answers your querie on 1.4.4.11.4

> 
I think that uplink/downlink combinations will only be big winners if the two targets can be different (then the ground station will almost never transmit a random packet—a huge win in the uplink direction).

· 
	· I think the same peer-peer approach may have some advantages if a transport ACK is expected.  I also agree with you that the ability for the ground station to use reservations to talk to other stations is useful.  I have thought that such reservations could be placed in ground reserved blocks but also note your general reservation of having to coordinate between multiple ground stations.  I will give some thought as to how to incorporate multiple destinations.
	· MS to consider.  Text added. Closed

	> E) Uplink/downlink combination of ACK/RTS

> 
> Again an ACK and an RTS can be combined (total of 3 octets) and hence

> 1.4.4.11.5 should be possible.

> 
> I hope this clarifies my thinking - even if the ideas are not sound, I

> thought I had better try to explain what was in my mind.

I know the feeling—what is obvious to the author is never obvious to another.  You will certainly need to mention that multiple frames can be included in the DLS burst.  Perhaps the ACK and DATA packets can be combined (a zero-length DATA packet is an ACK) to reduce frame types.  Similarly, what is the benefit of the two CMD packets?  

· 
	·  I had assumed that the two CMD packets are there to cover the old XID_CMD, XID_RSP terminology.  This is the same approach as is used in Mode 3
	· To discuss. Closed

	· SF comments
	· 
	· 

	· Do we need a connectionless protocol if we include a zero-overhead connection-oriented protocol (ZOCOP)
	· Bit confused here – is the new DLS protocol a ZOCOP?
	· To discuss. ZOCOP added. Closed

	· Your list of address types seems to have dropped the ground vehicles type that Larry added recently.
	· I started from the December 2000 version.  Have now added the necessary changes agreed in April
	· Closed

	· I don’t believe that the frame mode SNDCF requires the expedited connection management XID parameters.  Tony should provide us with a list of the appropriate parameters for the frame mode SNDCF.
	· 
	· TW to provide advice on this.  Closed pending detailed review of LME

	· I prefer the ITU-R M.1371-1 p-persistent algorithm to the VDL/2 protocol.  I’ll type it in if you don’t have a copy of it.
	· SF has provided this – it is rather different from the current p-persistent algorithm.  Do we really want to change this aspect of the system at this stage?
	· To consider.  Not incorporated at this stage. Closed

	I didn’t understand how the link control field table was reserving octet 5 for the info field (or for the RTS data) when it should be the message ID field.
	It was a mistake.  Should have been octet 7.  Now corrected
	Closed

	the message ID field had a command/response bit—is this still needed (except for the CTRL)?
	Believe that this is not needed since cmd/rsp frames are explicitly coded.  No further action needed
	Closed

	I would like to be able to include two more bits in the INFO header (which requires combining one spare and the INFO to save a bit):

an ack T bit

a reset bit (for ZOCOP)
	Not sure about the reason for the ACK T bit

Presumably the reset bit is the analogue of the FRMR?
	To discuss. Closed

	Regarding shrinking the RTS—the only important ting is being able to send a CTS and piggybacking an RTS.
	Which can be accommodated in the proposed structure
	Closed

	on expiry of T4.  The direct analogue (ignoring my comment above) would be an ACK_CMD (rather than the normal ACK_RSP).
	
	

	Note on parameter N3:  the second and subsequent slots must also provision for bit stuffing (probably at 1 byte per slot, although 1 byte per 2 slots is “on average” more accurate).
	Text changed to reflect this
	Closed

	Section 1.4.4.2 (broadcast):  recall that we have the compressed broadcast format whereby an all ones type field elides the address field for a number of the res types.  I would think that a broadcast CTLR_CMD would be a dangerous thing, (especially if multiple service providers were in the area) -- I would disallow it.
	
	TW to give an opinion.  Broadcast CMD needed for eg DOS parameter.  Left in for now. Closed

	Section 1.4.4.3 -- I don’t think that this is a big deal
	Nevertheless do we need to include some text for how to deal with this?
	To be discussed.  Closed

	Section 1.4.4.5 as written, requires the station to compute the effects of bit stuffing to determine the exact number of slots required.  This should use a number of bytes and just deal with the occasional error.
	Do you mean that the definition of N3 should exclude the effect of bit stuffing.  I think the action is to define a formula for the calculation of N3 in terms of slots
	To be discussed. Closed

	is the recommendation for 1.4.4.6.4 (with the +) still valid?
	I cant quite remember the rationale for this in our original text but just kept it for consistency.  I think our aim was to keep the reserved single slot transmissions together.  I think this is still valid.  It is also desirable for a ground station to place such transmission in a ground reserved block if possible.  Hence I propose to keep the recommendation and extend it to include ground reserved blocks
	To be discussed. Closed

	I don’t understand the note on 1.4.4.7.1.  An aircraft should ignore the priority and trust the ground station.  We can certainly add a note that the ground station may use the priority to manage the link resources during congestion.
	Note added as suggested
	Closed

	Sectoin 1.4.4.7.2:  I don’t understand the ‘Receipt of successive RTS RTS’ concept—what are you trying to do?
	If a station receives two RTS with the same P, C and T, and if it has not received the INFO frame, it should ignore the first RTS and either re-use the CTS reservations in the new CTS or else use the reservations for something else – issue here is whether we need to state this anywhere
	To be discussed. Closed

	Section 1.4.4.7.4.1:  The correct response to an RTS from a station that one does not have a link to is a DM (we need this frame type).  A station that receives an error type of 80 hex means—“Hey, buddy.  Not only haven’t we negotiated a link, but you aren’t going to succeed either.”
	So we need a DM flag in the frame formats for ACK?  So a station receiving an RTS that it cannot support, or, in the short transmission protocol, a DATA frame, should send an ACK with the flag set
	MS to introduce text. Closed

	Section 1.4.4.7.4.4:  why should T be cleared?  The data protocol wasn’t effected—this was a link management action.  (Moreover, the station sending the general_failure has no way of knowing whether it was received and whether it should clear its own variable.)
	Editors note removed
	Closed

	section 1.4.4.7.6.2:  I don’t know that I like the sending of the CTS (rather than a NAK) -- need to think about it.
	Perhaps we need a NACK bit
	To be discussed. Closed

	section 1.4.4.8:  Need to rewrite it so that the C bits are inspected first (same value, higher value, lesser value), before the T bits
	I wasn’t really sure what was meant here – please suggest text
	MS to provide text.  Not done yet. OPEN

	section 1.4.4.8.4:  not likely to get timing right.
	But surely if the delay on the ACK is set long enough the Transport ACK would be generated and then combined into the ACK slot.  We need to decide on QoS settings and possible raise the possibility of different QoS per priority level and per uplink/downlink
	To be discussed. Closed pending review of timing issues

	I don’t understand 1.4.4.9:  What are the two notes and the text between them saying?  s/P/C/  4335 would have generated a FRMR instead of discarding the frame—because *something* doesn’t make sense.
	Need to add the equivalent of the FRMR.  Behaviour would be to restart the link at T=0?
	To be discussed. Closed

	section 1.4.4.10:  “message shall also be transmitted” should probably be “message shall be transmitted using the procedures”  (the word ‘also’ implies that two things are transmitted at one time).  Since we have 3 or 4 levels of priority and 4 levels of C, the situation of the last paragraph of 1.4.4.10 cannot occur and I would rather not have to test for and prove that I can implement this feature.
	Although we seem to have a lot of provision for priority, the p subfield is only sent to help the ground station manage the link.  The transfer of packets is controlled by the C subfield.  If there are already 4 different priority levels queued up and another one arrives, we could end up with the fifth one having to wait.  Hence I think we need to last requirement.

This raises another issue.  Whilst drafting this lot, I went through a phase when I assumed that for a given peer –peer relationship, there would only ever be one packet being transferred at a time.  This is simpler than what we have ended up with because the T bit applies to all data transferred between peers rather than to a C setting.  Under these circumstances, we can cut into a series of linked segments with a higher priority transmission.  However, the drawback is that if the current packet is a low priority long length transfer that the ground station is giving low priority, we end up having to wait until the high priority packet can be sent.  The way it is drafted now is in line with Tony’s original text and allows completely separate long or short procedures to be sent simultaneously. Hence a high priority transmission can completely pre-empt the low priority one.  
	No change proposed – to be discussed. Closed

	section 1.4.4.11.2:  I don’t know if I like including multiple RTS’s in one frame.   I think that we need to think about this, its implications, and any alternatives.
	See previous discussions
	Closed

	section 1.4.4.11.3:  What is the purpose of this?  How could it have occured (absent a s/w bug on the sending side)?
	Assuming that the dual RTS approach is accepted the receiving station receives knowledge that there is another segment waiting for transfer complete with its length.  It can then combine the CTS with the ACK.  If the receiver has not received the dual RTS, it then relies on the M-bit and puts a unicast in the ACK to enable the sending station to send the second RTS.  Hence why I put in the reference to a station that has not received an RTS.  
	To be discussed. Closed

	section 1.4.4.11.4:  this doesn’t work unless there is a mechanism to have the DATA frame also include an ACK.
	There is – see other discussions
	Closed?

	section 1.4.4.11.5: This is most applicable when the RTS is going to a different station (i.e., on the ground).  Can an ACK and an RTS fit:

ACK: flag (1) + header (4) + ACK (2) + response (4) + CRC (2) RTS: flag (1) + header (4) + RTS (3) + unicast (8) + CRC (2) closing flag (1)

equals 32 bytes or 2 slots.  If we did something extremely ugly and put both frames into one frame.  We would eliminate 4 bytes of header, one byte of mssg ID, 1 byte of flag, 2 bytes of CRC, and possibly 1 byte of res overhead.  This eliminates 11 bytes and just fits under the wire, buy boy is it ugly and we’ld want a different res type.
	See other discussions – my intention had been that this applied to the same peer-peer and the two frames are combined in a single burst
	Closed

	If we are calling these things CTRL frames, then let’s get rid of the XID terminology in the entire document.  Otherwise, just call them INFO and XID frames and be done with it.
	
	TW to give opinion. Closed pending review of LME

	section 1.5.4.7.9 (broadcast connection parameter) needs to be reviewed
	
	

	The periodic transmission management XID parameter was dropped
	I have I dropped it and we need it?
	To be discussed. Closed

	why was the RNE material in this document?
	I have now removed it
	Closed

	have the excerpts from VDL/2 been from the latest document (and if not, do we know what changes were made and why they were made)?
	Actually I am not sure about this.  Tony do you have the latest version?
	TW to provide latest version – to Nikos OPEN

	· TW comments
	· 
	· 

	· (picky point) in 1.4, 1st para, “simplex” is usually used to mean unidirectional (e.g. a simplex modem drives a channel in one direction only). I think you really mean “bit-oriented a/g communications on a share communications channel”.
	· I have changed the text
	· Closed

	· 2.1.4.1.1 “Exactly once”. This is too strict. The aim of the DLS should be to avoid duplication or loss of packets but exactly once is v. difficult to achieve in practice (especially on handoff, re-sync) and there is a transport protocol to prevent duplicates getting through to the app anyway.  It’s best to skew the implementation towards duplication on error recovery as this minimises the risk of having to retransmit end-to-end with the additional overhead, recovery time that this implies. The requirement should be to miminise rather than prevent duplication/loss.
	· I have changed the text
	· Closed

	· 1.4.1.3 You haven’t yet introduced point-to-point connections and this requirement implies that there are other sorts of connections. I think what you really want to say is that a receiving station only accepts singlecast frames addressed to itself and multicast frames on multicast addresses on which it is listening.
	· The terms singlecast and multicast are not used elsewhere in the text and I am not whether we should be using them.  The text used was styled on Mode 3.  
	· To be discussed. Closed

	· 1.4.1.4 The addressing structure has both multicast and broadcast addresses, and I think you want to say that a station shall accept all broadcast frames and multicasts to multicast addresses to which it is listening. BTW, this is currently phrased as a requirement on the standard.  (The VDL shall ...)
	· I have changed the “The VDL shall...” bit but need further discussion on the rest
	· To be discussed. Closed

	· 1.4.2.1.2 Use of non-unique addressing is not really compatible with point-to-point. What happens when a new address is randomly selected? You could get aircraft taking over another’s identity! Cert.’ll love that one.
	· A much loved issue and one for which the issues have not changed (or gone away) in the new text.  I think the intention is that non-unique addressing will not be used for ATN. Propose no action at this stage
	· Closed

	· 1.4.2.1.6.1 I think that you really need to introduce the distinction here between the true all stations broadcast and multicasting to various subsets.
	· Advice needed here
	· TW/SF to discuss. Closed

	· Table 5-2 Why does the “All Ground Stations” multicast use the same type code as “ICAO Delegated”?
	· I used the Mode 3 text here and dont know the reason.
	· To be discussed OPEN

	· Table 1-57. “res” does not appear to be defined.
	· I have added a note
	· Closed

	· Table 1-TBD are octets 5 and 6 swapped around? It seems odd to have an information byte preceding link control info.
	· I have re-numbered them – this was a mistake in my draft
	· Closed

	· 1.4.2.2.5 Which field is the “Priority Subfield”?
	· I have added a reference to (p)
	· Closed

	· 1.4.2.2.6 Which field is the “Channel Subfield”? Assuming C1 and C2, which is the MSB?
	· I have added a reference to (c).  Note that all fields in Mode 4 are labelled like this and high bit bumbers are more significant than lower bits
	· Closed

	· 1.4.3.4 Regarding SF’s point: you will always need a re-sync mechanism to recover from (e.g.) a GS reboot in the middle of a point-to-point connection i.e. when the RTS response/ACK implies no connection. This should be very exceptional but is necessary - hence why have additional activity (due to T4) when you already have a means of recovering from an exceptional event? Main outstanding issue is that aircraft may think they have a connection when they don’t and hence uplinks cannot be sent to them until they try to send a downlink (which is then bounced forcing the re-sync).  Answer is provided by Broadcast Handoff.
	· 
	· To discuss. Closed pending review of T4 operation

	· 1.4.4.6.1 Is random access the only procedure that could be used?
	· Part of the random access procedures in the VSS is to recommend that “random” transmissions are put in a reserved slot if possible.  Hence no action needed
	· Closed

	· 1.4.4.6.3 Procedures need to be specified to recover from case where ACK is lost or corrupted. GS will get a duplicate with unchanged Toggle bit.  Should discard frame and respond with ACK.
	· I think this is covered in 1.4.4.8.1. No action required?
	· Closed

	· 1.4.4.7.6.1 I didn’t understand this paragraph. “A receiving station which transmitted...” seems wrong. The last statement also read wrong.  “...transmit in the slot reserved for an acknowledgement an ACK Frame in a DLS burst”.
	· Perhaps we need to word-smith this more but it is closely based on the previous wording.  No action?
	· Closed

	· 1.4.4.84. A CTRL_CMD will require an ACK separate from the response.  This is because the response time may be significantly longer than a sensible retransmission time - e.g. the response may be delayed until information is received from the old GS.
	· I think this is covered in the text.  No action required? Editors not removed
	· Closed

	· 1.4.4.11.2 Adding the RTS to the data transmission makes sense - although why not have an implicit RTS? I.e. if the M bit is set to 1 then this implies another fragment, implicitly of the same size. An RTS is only required when M = 0 or the next frame is significantly different (smaller) in size.
	· Seems like a good idea and would mean adding a specific requirement to include an RTS with the last but one segment
	· To be discussed. Closed

	· MG comments
	· 
	· 

	I have a question for your. In the paragraph talking about the link control field (1.4.2.2.2) you  state that the compressed frame needs to be able to handle more than one frame. With that statement do you mean several “DATA” frames or do you mean several link control fields? I object to multiple “DATA” frames and in case multiple link control fields I propose to use the highest bit to say that there will follow another link control. The highest bit seems to be free for all types, i.e.. bit 8 in all cases except for RTS where it would be bit 16.

Other than that, I think this looks promising but I have to confess that I have not looked very thoroughly at the XID part.

· 
	· I do not propose to have more than one DATA field

· Regarding the linking of the fields, I had originally included such a bit.  However, by requiring that the DATA frames come last, I think we can recover each link control field by inspection of the  type subfield.  Hence I removed the next field bit.

· Opinion from others would be welcome
	· To discuss. Closed
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1. SECTION  LINK LAYER PROTOCOLS AND SERVICES TC \l1 "SECTION  LINK LAYER PROTOCOLS AND SERVICES
1.3.14 

Unicast request protocol specification TC \l3 "
Note.— This protocol is intended for a VSS user which requires a response from a peer VSS user.

1.3.14.1 

Unicast request reservation burst format TC \l4 "
A reservation ID (rid) = 0 with an extended reservation ID and reservation fields set in accordance with Table 1-26 shall indicate a unicast request reservation. 

Table 1-26. Unicast request reservation bit encoding
	Description
	Octet
	Bit number

	
	
	8
	7
	6
	5
	4
	3
	2
	1

	destination address (d)
	n-8
	d24
	d23
	d22
	d21
	d20
	d19
	d18
	d17

	
	n-7
	d16
	d15
	d14
	d13
	d12
	d11
	d10
	d9

	 
	n-6
	d8
	d7
	d6
	d5
	d4
	d3
	d2
	d1

	
	n-5
	ro12
	ro11
	ro10
	ro9
	res
	d27
	d26
	d25

	response offset (ro)
	n-4
	ro8
	ro7
	ro6
	ro5
	ro4
	ro3
	ro2
	ro1

	length (lg)
	n-3
	lg8
	lg7
	lg6
	lg5
	lg4
	lg3
	lg2
	lg1

	source/destination flag (sdf), priority (pr)
	n-2
	0
	0
	1
	0
	sdf
	res
	pr2
	pr1


The subfields and associated actions shall be as defined in Table 1-27. Bits 25, 26 and 27 of the destination address (d) subfield shall be the address type field. In the case that the address type field is equal to 7, bits 1 through 24 of the destination subfield (d) shall be absent and the information field shall extend up to the last four octets prior to the CRC. Otherwise, the information field shall extend up to the last seven octets prior to the CRC and the burst shall include the all of the destination subfield (d).

Table 1-27. Unicast request reservation field encoding
	Subfield
	Range
	Encoding / Actions
	Definitions

	response offset (ro)
	0 to 4095
	
	ro identifies a slot relative to the first slot of the transmission

	destination address (d)
	0 to 227-1
	(See Section 1.4.2.1)
	d is the 27-bit address of the destination station.

	source/destination flag (sdf)
	Boolean
	If sdf = 0, reserve the response slot for the destination station to transmit. If sdf = 1, reserve the response slot for the source station to transmit.
	sdf indicates which station will respond in the reserved response slot. Note that the source station is the station placing the reservation. 

	length (lg)
	0 to 255
	
	lg is one less than the number of slots that are reserved for the response

	priority (pr)
	0 to 2
	See Table 1-10
	


1.3.14.2 

Unicast request parameters TC \l4 "
The unicast request protocol shall implement the system parameters as defined in Table 1-28.

Table 1-28. Unicast request VSS system parameters
	Symbol
	Parameter name
	Minimum
	Maximum
	Recommended default
	Increment

	V32
	Minimum response delay
	2 slot
	500 slots
	20 slots 
	1 slot

	V33
	Maximum response delay
	2 slot
	4095 slots
	1000 slots
	1 slot

	V34
	Source/destination control
	0
	1
	0
	1

	V35
	Broadcast control
	0
	1
	0
	1

	V36
	Length of reserved block
	1 slot
	256 slots
	N/A
	1 slot


The VSS user shall provide the destination address and any of the parameters V32, V33, V34, V35, V36 and Quality of Service parameters (Q2a to Q2d, Q4 and Q5) for which the default values are not desired. 

1.3.14.2.1 

Parameter V32 (minimum response delay)

Parameter V32 shall be the minimum delay, measured in slot intervals, that a station will provide to a responder in order to ensure that the responder can generate the response before its reserved slot.

Note.— V32*60/M1 is the maximum time that a station is provided with to generate a response to the request.

1.3.14.2.2 

Parameter V33 (maximum response delay)
Parameter V33 shall be the maximum delay, measured in slot intervals. that a station will provide to a responder in order to ensure timely delivery in case a retransmission is required.

1.3.14.2.3 

Parameter V34 (source/destination control)
Parameter V34 shall control whether the unicast reservation protocol is used to reserve a slot for the destination station to transmit a response to the source (V34 = 0) or for the source station to transmit a response (V34 = 1). If the broadcast control parameter (V35 = 1), the value of V34 shall be ignored.

Note.— If the destination subfield is omitted (V35 = 1), then the reservation is for the source to broadcast and the value of V34 has no meaning.

1.3.14.2.4 

Parameter V35 (broadcast control)
Parameter V35 shall control whether the lowest 24 bits of the destination subfield (d) are included in the reservation. If V35 = 0, then the lowest 24 bits of the destination subfield shall be included and the reservation will be for the station to transmit to or receive from a peer station. Otherwise the lowest 24 bits of the destination subfield shall be omitted, the address type field shall be set to 7 and the reservation will be for the station to make a broadcast transmission.

1.3.14.2.5 

Parameter V36 (length of reserved block)
Parameter V36 shall be the number of reserved slots required for the unicast reservation protocol response.

1.3.14.3 

Unicast request reception procedures TC \l4 "
Upon receipt of a burst containing a unicast request reservation, a station shall reserve all of the slots from (1 + ro) through (1 + ro + lg) after the first slot of the received burst for:



a)
the destination to transmit a response to the source (if sdf = 0 and address type field (  7);



b)
or for the source to transmit a response (if sdf = 1 and address type field ( 7); and



c)
or for the source to make a broadcast transmission (if address type field = 7).

1.3.14.4 

Unicast request transmission procedures TC \l4 "
1.3.14.4.1 

Selection of the transmission slot for the unicast request reservation
If no slot has been reserved for transmission of a unicast reservation, the station shall select a slot using the random access procedures (see Section 1.3.7)

The transmission slot (t_slot) shall be the slot containing the unicast request reservation transmission.

1.3.14.4.2 

Selection of the reserved slot for the response
A block of slots of length V36 to be reserved for the response (address type field ( 7) or broadcast transmission (address type field = 7) shall be selected using the slot selection procedure specified in Section 1.3.6.2, using VSS user supplied quality of service parameters, and candidate slots in the range V32 to V33 after the transmitted burst.

The reserved slot (r_slot) shall be the chosen slot or the first slot in the chosen group of slots.

1.3.14.4.3 

Unicast request burst transmission
A station sending a unicast request burst to its peer (V35 = 0) shall include the unicast request reservation field. It shall set the destination (d) subfield to the destination of the burst, the response offset (ro) subfield to a value of (r_slot - t_slot -1), the length (lg) subfield equal to (V36 – 1), the priority (pr) subfield equal to the priority of the burst to be transmitted as defined by Q1 and the source/destination flag (sdf) to V34.

A station sending a unicast request burst to reserve a slot for a subsequent broadcast (V35 = 1) shall include the unicast request reservation field. It shall set the response offset (ro) subfield to a value of (r_slot - t_slot - 1), the length (lg) subfield equal to (V36 – 1), the priority (pr) subfield equal to the priority of the burst to be transmitted as defined by Q1 and the address type field equal to 7. 

1.3.14.4.4 

Retransmission after no response
In the case of address type subfield ( 7 and sdf = 0, if a response is not received by the end of the reserved response slot(s), then the station shall retransmit the unicast burst according to the procedures of Section 1.3.21.

1.3.14.4.5 

Slot selection criteria for unicast request with sdf = 1
A station shall applying the slot selection criteria of Section 1.3.6.2.2.1 shall exclude any slot reserved by another station using the unicast request protocol with sdf = 1.
Note. – use of the unicast request protocol with sdf = 1 allows a station placing the reservation to transmit to a different destination than the destination included in the reservation field.  One use for this is for a station completing a data transfer to one station by sending an acknowledgement to the destination contained in the unicast reservation field to simultaneously  place a reservation for a later transmission that starts  a new data transfer to a different destination. However, because the destination address for the new station is not known by any other station it is not possible to apply CCI criteria.  Hence the slot must be excluded from slot selection. 
1.4 
DLS SUBLAYER TC \l2 "
The DLS shall support bit-oriented air/ground (A/G) communications on a shared communications channel as described in this section.

1.4.1 
Services TC \l3 "
The DLS services shall support connection-oriented services.

Note 1.— For ground-air communications, the DLS supports communication over a link controlled by the LME.  For air-air communication, a “zero-overhead connection–oriented protocol (ZOCOP” is specified.
1.4.1.1 
Frame sequencing

The receiving DLS sub-layer shall ensure that duplicated frames are discarded and all frames are delivered over a point-to-point connection.

Note.— A toggle bit is included in the frame format to facilitate this service.

1.4.1.2 
Error detection

The DLS sub-layer shall ensure that all frames corrupted during transmission are detected and discarded.
Note.- 16-bit CRC is provided in the burst format to support this service
1.4.1.3 
Station identification

A receiving station shall only accept all broadcast frames, singlecast frames addressed to itself and multicast frames on multicast addresses on which it is listening.
Note.— Unique source and destination addresses are included in the frame format to facilitate this service.

1.4.1.4 
Broadcast addressing

A VDL Mode 4 station shall accept all broadcast frames and multicast frames to multicast addresses to which it is listening.
1.4.1.5 
Data transfer

Data shall be transferred in the information fields of INFO, ZOCOP and CTRL frames.  The link layer shall process the largest packet size, specified in Section 1.4.3.7 of this document, without segmenting. Larger packets shall be segmented according to the procedures of Section 1.4.4.4.2.  Only one data link user packet shall be contained in an INFO frame.

1.4.2 
DLS protocol specification TC \l3 "



1.4.2.1 
Station address encoding TC \l4 "
1.4.2.1.1 
Address type
The address type field is described in Table 1-55.

Table 1-55. Address type field encoding
	Bit encoding
	Description type
	Bits 1 to 24

	27
	26
	25
	
	

	0
	0
	0
	Mobile
	Non-unique identity

	0
	0
	1
	Aircraft
	24-bit ICAO address

	0
	1
	0
	Ground vehicle
	Nationally administered address space

	0
	1
	1
	Reserved
	Future use

	1
	0
	0
	Ground station
	ICAO-administered address space

	1
	0
	1
	Ground station
	ICAO-delegated address space

	1
	1
	0
	Reserved
	Future use

	1
	1
	1
	All stations broadcast
	All stations


1.4.2.1.2 
Non-unique identity address

A mobile station using the non-unique identity address shall randomly choose a 24-bit address. The non-unique identity address of all zeros shall not be used. The non-unique identity address of all ones shall be used for broadcast applications only. All radio units located at a station shall use the same non-unique identity address. 

If the station detects that another station is using the same random address, it shall stop transmitting on the current address; it shall then randomly select a new address. It shall use this new address in subsequent transmissions.

Note.— Processing of ambiguous data resulting from use of the non-unique address is an end system issue.

When using VDL Mode 4 for ATS applications, aircraft shall use the unique 24-bit ICAO address.


1.4.2.1.3 
Aircraft specific addresses

The aircraft specific address field shall be the 24-bit ICAO aircraft address.

1.4.2.1.4 
ICAO-administered ground station specific addresses

The ICAO-administered ground station specific address shall consist of a variable-length country code prefix (using the same country code assignment defined in Annex 10, Volume III, Chapter 9, Appendix 1, Table 1) and a suffix. The appropriate authority shall assign the bits in the suffix.

1.4.2.1.5 
ICAO-delegated ground station specific addresses

The ICAO-delegated ground station specific address shall be determined by the organization to which the address space is delegated.

1.4.2.1.6 
Broadcast and multicast addresses
The broadcast and multicast addresses shall be used only as a destination address for broadcast INFO frames and for CTRL_CMD frames broadcasting ground station information.

1.4.2.1.6.1 
Broadcast and multicast address encoding
The broadcast and multicast addresses shall be encoded as in Table 1-55a:

Table 1-55a.  Broadcast and multicast address encoding

	PRIVATE 
Broadcast destination
	Type field
	Specific address field

	
	
	

	All mobiles that use non-unique addresses
	000
	All ones

	All mobiles
	001
	All ones

	All ground stations of a

particular provider
	100 or 101, as necessary
	Most significant bits: Variable length

    provider code

Remaining bits: All ones

	All ground stations with

ICAO-administered addresses
	100


	All ones

	All ground stations
	101
	All ones

	All stations
	111
	All ones




1.4.2.1.7 

1.4.2.2 
DLS burst formats TC \l4 "
1.4.2.2.1 
1.4.2.2.2 


	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	







1.4.2.2.3 

DLS burst

A DLS station shall transmit the DLS burst defined in Table 1-57 with the VSS user supplied QoS and reservation parameters.

Table 1-57. DLS burst format
	Description
	Octet
	Bit Number

	
	
	8
	7
	6
	5
	4
	3
	2
	1

	burst id, command/response (c/r) status bit
	5
	res
	0
	1
	1
	0
	0
	0
	1

	link control field
	6
	per Section TBD

	information
	7
	

	
	8
	

	
	9
	

	
	10
	


All bits labelled res are reserved and shall be set to zero.


The DLS burst shall consist of one or more link control fields.  However, an INFO, CTRL_CMD, or CTRL_RSP link control field shall be the final field in the burst (and thus the burst can contain only one of these fields).
Note.— The information field may continue past octet 10.

1.4.2.2.4 
Link control field

The link control field shall indicate the frame type and contain, as appropriate, the priority subfield, the channel subfield, the more bit and the toggle bit and shall be encoded as defined in Table 1-57a
Table 1-57a. Link control field encoding
	Octet
	7
	7
	7
	7
	7
	7
	7
	7
	6
	6
	6
	6
	6
	6
	6
	6

	Bit
	8
	7
	6
	5
	4
	3
	2
	1
	8
	7
	6
	5
	4
	3
	2
	1

	INFO
	Available for information field
	res
	M
	c2
	c1
	T
	0
	0
	0

	ZOCOP
	Available for information field
	res
	M
	c2
	c1
	T
	0
	0
	1

	CTLR_CMD
	Available for information field
	res
	M
	c2
	c1
	T
	0
	1
	0

	CTLR_RSP
	Available for information field
	res
	M
	c2
	c1
	T
	0
	1
	1

	ACK
	No information field
	res
	res
	c2
	c1
	T
	1
	0
	0

	CTS
	No information field
	res
	res
	c2
	c1
	T
	1
	0
	1

	DM
	No information field
	0
	0
	0
	0
	0
	1
	1
	0

	FRMR
	No information field
	0
	0
	0
	1
	1
	1
	1
	0

	FRMR_ACK
	No information field
	0
	0
	0
	1
	0
	1
	1
	0

	RTS
	res
	res
	lg6
	lg5
	lg4
	lg3
	lg2
	lg1
	p2
	p1
	c2
	c1
	T
	1
	1
	1


All header bits labelled res are reserved and shall be set to zero.
INFO, ZOCOP and CTRL frames are collectively known as DATA frames and shall contain a user data field in addition to the link control field.  Only one DATA frame shall be included in a DLS burst and, if combined with an RTS, ACK or CTS frame according to the procedures of Section 1.4.4.12, the DATA frame shall be placed last in the DLS burst.
Note. -DLS burst will be able to combine more than one frame.  DATA must come last because it is a variable length frame
1.4.2.2.5 
Toggle bit

The T (Toggle) bit shall be alternately set to zero and one on each successive transmission, except for retransmissions.

Note.—The T (Toggle) bit is sufficient to provide duplicate detection and rejection.

1.4.2.2.6 
More bit

The M (More) bit shall be set to zero to indicate End of Message and to one to indicate that this segment is not the last segment in a multi-segment message and that further segments will be transmitted.

Note.—The M (More) bit is sent to 0 if a message is sent as a single segment or on the last segment of a segmented message and to 1 otherwise. The receiver reassembles segmented messages on reception before passing them to the user.

1.4.2.2.7 
Priority subfield

The priority subfield (p) shall indicate the priority level of the transmission as defined in Section 1.3.4.1.

1.4.2.2.8 
Channel subfield

The channel subfield (c) shall indicate the relative priority of the transmission.

Note 1.- the subfield provides for four relative priorities encoded as an unsigned two bit binary field.

Note 2.-The four relative priority levels provide separate data streams and permit a higher priority message to be sent before a multi-segment message has been sent in its entirety or even before a response has been received for a given segment. Messages are normally sent at priority level zero and are only sent at a higher priority level when the actual message has a higher priority than the one in transit. The channel levels are not semantically linked to message priority and serve only to inform the receiver about the relative priority of each message.

1.4.2.2.9 
Length subfield

Indicates the length (lg) of the DLS burst containing a DATA frame in slots.

Note:  the calculation of length needs to take account of reservation protocol (default is response)
1.4.3 
DLS system parameters TC \l3 "
The parameters needed by the DLS sublayer shall be as listed in Table 1-58 and detailed in Sections 1.4.3.1 to 1.4.3.7.

DLS parameters shall be determined by the exchange of CTRL frames, if the default values are not to be used.

Table 1-58. Data link service system parameters
	PRIVATE 
Symbol
	Parameter name
	Minimum
	Maximum
	Mode 4 default 
	Increment

	
	
	
	
	
	
	

	T1min
	Delay before retransmission
	Minimum
	0 s
	20 s
	1.0 s
	1 ms

	T1max
	
	Maximum
	1 s
	20 s
	15 s
	1 ms

	T1mult
	
	Multiplier
	1
	2.5
	1.45
	0.01

	T1exp
	
	Exponent
	1
	2.5
	1.7
	0.01

	T1num
	
	number of attempts
	?
	?
	?
	0.01

	T1wait
	
	maximum time to wait for a reply
	?
	?
	?
	1

	T2
	Delay before ACK
	25 ms
	10 s
	54 ms 
	1 ms

	T3min
	Link initilization time
	Minimum
	5 s
	25 s
	6 s
	1 ms

	T3max
	
	Maximum
	1 s
	20 s
	15 s
	1 ms

	T3mult
	
	Multiplier
	1
	2.5
	1.45
	0.01

	T3exp
	
	Exponent
	1
	2.5
	1.7
	0.01

	T3num
	
	number of attempts
	1
	15
	6
	1

	T3wait
	
	maximum time to wait for a reply
	?
	?
	?
	?

	T4
	Maximum delay between transmissions
	aircraft
	10 min
	1440 min
	20 min
	1 min

	
	
	ground
	12 min
	1442 min
	22 min
	1 min

	N1
	Maximum number of bits in any frame
	1144 bits
	16504 bits
	8312 bits
	1 bit

	
	
	
	
	
	

	N3
	Maximum length of DLS transmission
	2 octets
	16384 octets
	86
	1 octet

	N4
	Maximum length of segment
	1 slot
	75 slots
	5 slots
	1 slot



	
	
	
	
	
	

	
	
	
	
	
	


1.4.3.1 
Parameters T1 (INFO frame retransmission parameters)

The parameters T1min, T1max, T1mult, T1exp, T1num and T1wait shall control the retransmission of DLS bursts containing INFO and ZOCOP frames for which an expected response has not been received .
1.4.3.2 
Parameter T2 (delay before acknowledgement).

Parameter T2 defines the maximum time allowed for the DLE to respond to any received frame (other than an XID) in order to ensure the response is received before the peer DLE’s Timer T1 expires.

A station shall respond to any received frame (other than an XID) within parameter T2 time in order to

ensure the response is received before the peer DLE’s Timer T1 expires.

Note.— The period T2 should be a delay (shorter than the T1min value of the peer DLE) to permit the acknowledging DLE to schedule the response as an event in normal data processing and to allow sufficient time for an acknowledgement while maximizing the likelihood that an INFO frame will be transmitted and eliminate the need for an explicit acknowledgement.

1.4.3.3 
Parameters T3 (link initialization retransmission parameters)

The parameters T3min, T3max, T3mult, T3exp, T3num and T3wait shall control the retransmission of DLS bursts containing CTRL frames for which an expected response has not been received.

1.4.3.4 
Timer T4 (maximum delay between transmissions)

Timer T4 shall be set to the maximum delay between transmissions (T4). Timer T4 shall be started or restarted on en-queuing a frame for transmission. Timer T4 shall never be cancelled. If a DLE does not receive a frame before Timer T4 expires, it shall send a [TBD – perhaps just an INFO frame with no data attached or a special CTRL frame] to ensure a response from the peer DLE. The value of Timer T4 shall be at least two minutes longer for a ground DLE than for the peer aircraft DLE. The command frame shall be transmitted using normal Data transmission procedures[ up to N2 times]. If no response is received, the DLE shall assume that the link is disconnected and that site recovery procedures shall be invoked.

Note 1.— Timer T4 is used to verify the continued existence of the link.

Note 2.— There is one Timer T4 per a DLE.

1.4.3.5 
Parameter N1 (maximum number of bits of any frame)

The parameter N1 defines the maximum number of bits in any frame (excluding flags and zero bits inserted for transparency) that a DLS shall accept.
1.4.3.6 
Parameter N3 (maximum length of DLS transmission) TC \l4 "
The parameter N3 shall be the maximum size in octets of a transmission including flags and reservation data that shall use the short transmission procedures defined in Section 1.4.4.3.
A burst occupying x slots shall contain up to 23 + (x-1)*31 octets of data if x is odd or 24 + (x-1)*31 octets of data if x is even including flags and reservation data.
Note.— A slot can contain 32 octets of data. The last slot in a sequence should only contain 24 octets to allow for propagation guard time. Allowing an average 1 octet/2 slots for bit stuffing, 1 slot could contain 23 octets of data including flags and reservation blocks. 2 slots could contain 54 octets. 3 slots could contain 86 octets, etc.
1.4.3.7 
Parameter N4 (maximum length of segment) TC \l4 "
The parameter N4 shall be the maximum size in slots of a DLS burst.
10.3.1.1.1 Note.- To be used to control segmentation
1.4.4 

DLS procedures TC \l3 "

1.4.4.1 
Modes of operation

The DLS shall operate in asynchronous balanced mode (ABM) at all times.

Note.- Either station may send messages at any time and are considered peers with respect to management of the link
1.4.4.2 
Broadcast
Only INFO and CTLR_CMD frames shall be broadcast.  For broadcast frames, the address and address type field shall be set to all binary 1’s.
1.4.4.3 
Setting of retransmission parameters TC \l4 "
For all DLS bursts containing INFO frames, quality of service parameters Q5min, Q5max, Q5mult, Q5exp and Q5num shall be set as defined in table 1-58a.
Note.— Retransmission of DLS frames is handled in VSS.
Table 1-58a. Re-transmission parameters
	Symbol
	Parameter name
	Default

	Q5min
	VSS retransmission parameters
	minimum
	T1min

	Q5max
	
	maximum
	T1max

	Q5mult
	
	multiplier
	T1mult

	Q5exp
	
	exponent
	T1exp

	Q5num
	
	number of attempts
	T1num

	Q5wait
	
	maximum time to wait for a reply
	T1wait


1.4.4.4 
Selection of message for transmission

1.4.4.4.1 
Message priority
A sending station shall maintain a prioritised queue of messages for transmission.

When determining which message to transmit, the highest priority message shall be sent first.

The management frames (RTS, CTS, CTLR_CMD, CTLR_RSP) shall be classified as network management messages and prioritised accordingly.

1.4.4.4.2 
Message segmentation

1.4.4.4.2.1 
Determination of number of segments

If the length of the DLS burst containing the message is greater than N4 slots, the sending station shall segment the message and format it according to the procedures of Section 1.4.4.4.2.3.  Otherwise the message shall be sent as a single segment formatted according to the procedures of Section 1.4.4.4.2.2.
The segmentation of a message shall take account of whether the station will combine an RTS with a DATA frame in accordance with the procedures of Section 1.4.4.12.2.
1.4.4.4.2.2 
Single segment message transmission
A single segment message shall be transferred using as contents of a DATA frame.

In the link control field:
a)
The link type shall be set to INFO, CTRL_CMD or CTRL_RSP as appropriate
b)
The M bit shall be set to zero.

c)
The C bits shall be set to zero unless this transmission is pre-empting another transmission (see Section 1.4.4.10).
1.4.4.4.2.3 
Multiple segment message transmission

A multi-segment message shall be transferred as a series of data frames..

In each link control field:

a)
The link type shall be set to INFO, CTRL_CMD or CTRL_RSP as appropriate

b)
The M bit shall be set to 1 for all segments except the last segment.
c)
The M bit shall be set to 0 for the transmission of the last segment.
d)
The C bits shall be set to zero for all segments unless the multi-segment transmission is pre-empting another transmission (see Section 1.4.4.10).

1.4.4.4.3 
Setting of T bit
The T bit shall be set to:
i.
zero for the first transmission to a given station and with the same value of the C bits, following completion of the Data Link Establishment or Handoff procedures or link reset with that station, or

ii.
to the inverse of the T bit setting of the preceding successful transmission to a given station, and with the same value of the C bits, in all other cases.
1.4.4.5 
Selection of DLS transmission procedures TC \l4 "
After a packet has been selected for transmission according to the procedures of Section 1.4.4.4, the sending station shall calculate the total length in octets of the DLS burst required to contain the frame queued for transmission using the short transmission procedures defined in Section 1.4.4.6. The total length shall include the length of any reservation fields contained within the DLS burst, together with any flags. The calculation of the length of the DLS burst shall take account of whether the station will combine an RTS with a DATA frame in accordance with the procedures of Section 1.4.4.12.2.  If the total length is less than or equal to N3, then the station shall use short transmission procedures (Section 1.4.4.6) to transmit the queued data. Otherwise, the station shall use the long transmission procedures (Section 1.4.4.7).

1.4.4.6 
Short transmission procedures TC \l4 "
1.4.4.6.1 
Transmission of DATA frame
After the selection of a short transmission procedure, the sending station shall transmit a DLS burst containing the DATA frame queued for transmission with QoS parameters as defined in Table 1-60 using the random access procedures.
The burst shall contain a unicast request reservation field for the acknowledgement with the parameters in Table 1-60.

[Note.— If the responder VSS sublayer has not received a response from the VSS user in the scheduled reservation it can send a general failure (see Section 1.3.20) with error type 7E hex or FE hex and a unicast request reservation (with itself as the transmitter) according to the procedures of Section 1.3.19.2.]
1.4.4.6.2 
Acknowledgement of DATA frame

1.4.4.6.2.1 
DLS not supported

If the responder does not support the DLS, then it shall transmit a general failure (see Section 1.3.20) with an error type of 80 hex, with the QoS parameters as defined in Table 1-62.

1.4.4.6.2.2 
No link with sender

If the receiving station does not have a link with the sender, the responder shall send a disconnected mode (DM) response.  

1.4.4.6.2.3 
Valid link with sender

A station with a valid link to the sender receiving an DATA frame shall transmit a DLS burst containing an ACK frame in the slot reserved by the unicast request reservation field contained in the data frame transmission.
In the link control field:

a)
The link type shall be set to ACK

b)
The T bit shall be set to the value of the T bit in the received DATA Frame.

c)
The C bits shall be set to the value of the P bits in the received DATA Frame.

1.4.4.6.3 
Non-receipt of acknowledgement
If an acknowledgement is not received from the receiving station, the sending station shall retransmit the DLS burst containing the DATA Frame and a unicast request according to the procedures of Section 1.3.21.

Table 1-60. Short transmission compressed frame burst parameters
	Symbol
	Parameter name
	Default

	V32
	Minimum response delay
	T2 * M1 / 60 slots

	V33
	Maximum response delay
	(5 sec) * M1 / 60 slots

	V34
	Source/destination control
	0

	V35
	Broadcast control
	0

	V36
	Length of reserved block
	1 slot

	Q1
	Priority
	highest priority of user data frames

	Q2a
	Slot selection range constraint for level 1
	150 NMI

	Q2b
	Slot selection range constraint for level 2
	150 NMI

	Q2c
	Slot selection range constraint for level 3
	0 NMI

	Q2d
	Slot selection range constraint for level 4
	300 NMI

	Q3
	Replace queued data
	TRUE

	Q4
	Number of available slots
	3


1.4.4.6.4 

1.4.4.7 
Long transmission procedures TC \l4 "
1.4.4.7.1 
Transmission of request to send
After the selection of a long transmission procedure, the sending station shall transmit a DLS burst containing an RTS frame to the receiving station in the transmit queue with QoS parameters as defined in Table 1-61.
In the link control field:

a)
The link type shall be set to RTS
b)
The P subfield shall indicate the priority of the DATA frame to be transmitted (see Section 1.3.4.1)
c)
The length subfield shall indicate the length of the DLS burst required to contain the DATA frame (see Section 1.4.2.2.7).

d)
The C bits shall be set to the C bits of the DATA frame to be sent.

e)
The T bit shall be set to T bit of the DATA frame to be sent

Each burst shall contain a unicast request reservation field with the parameters in Table 1-61.
Note.- The ground may use the priority subfield to manage the link resource during congestion.
1.4.4.7.2 
No response to RTS
If a response is not received to the RTS frame, the station shall retransmit the DLS burst containing the RTS frame and the unicast request according to the procedures of Section 1.3.14.

Table 1-61. Long transmission RTS burst parameters
	Symbol
	Parameter name
	Default

	V32
	Minimum response delay
	T2 * M1 / 60 slots

	V33
	Maximum response delay
	(5 sec)* M1 / 60 slots

	V34
	Source/destination control
	0

	V35
	Broadcast control
	0

	V36
	Length of reserved block
	1 slot

	Q1
	Priority
	highest priority of user data frames

	Q2a
	Slot selection range constraint for level 1
	150 nmi

	Q2b
	Slot selection range constraint for level 2
	150 nmi

	Q2c
	Slot selection range constraint for level 3
	0 nmi

	Q2d
	Slot selection range constraint for level 4
	300 nmi

	Q3
	Replace queued data
	TRUE

	Q4
	Number of available slots
	3


1.4.4.7.3 

1.4.4.7.4 
Response to RTS
1.4.4.7.4.1 
DLS not supported

If the responder does not support the DLS, then it shall transmit a general failure (see Section 1.3.20) with an error type of 80 hex, with the QoS parameters as defined in Table 1-62.
1.4.4.7.4.2 
No link with sender

If the receiving station does not have a link with the sender, the responder shall send a disconnected mode (DM) response.  

1.4.4.7.4.3 
Length subfield not equal to zero and DATA frame has not previously been received
If the length subfield (lg) in the DLS burst containing the RTS frame is not equal to zero and if the DATA frame with the same setting of T bit and C bits has not already been received, then the receiving station shall transmit a CTS frame in a DLS burst in the slot reserved by the RTS frame.
In the link control field:

a)
The link type shall be set to CTS
b)
The C bits shall be set to the C bits of the RTS frame to which the CTS is a response.

c)
The T bit shall be set to T bit of the RTS frame to which the CTS is a response

The burst shall contain an information transfer request reservation field and be transmitted with the parameters in Table 1-63, indicating the number of slots reserved for transfer of the DATA frame. 


1.4.4.7.4.4 
Length subfield not equal to zero and DATA frame has previously been received

If the length subfield for the DATA frame (lg) in the RTS is not equal to zero and the DATA frame with the same setting of T bit and C bits has already been received, then the receiving station shall transmit an ACK frame in the slot reserved by the RTS.
In the link control field:

a)
The link type shall be set to ACK

b)
The T bit shall be set to the value of the T bit in the received DATA Frame.

c)
The C bits shall be set to the value of the P bits in the received DATA Frame.

The DLS burst containing the ACK frame shall contain a response reservation type except as determined by the procedures of Section 1.4.4.12.


1.4.4.7.4.5 
Channel too busy

If the channel is too busy (either the receiving station cannot find a sufficiently large series of contiguous slots or the priority is too low for the channel utilization), then the receiving station shall transmit either a general confirm including a unicast reservation with V34 = 1 indicating when the responder will transmit an information transfer request in response to the RTS or a general failure (see Section 1.3.20) with error type = 01 hex.
Note.— If the responder sends a general failure (see Section 1.3.20) the sender can retransmit the RTS after the timeout defined by the back-off delay or in the slot reserved by the destination.

Table 1-62. General response to RTS parameters
	Symbol
	Parameter name
	Default

	Q1
	Priority
	2

	Q2a
	Slot selection range constraint for level 1
	150 nmi

	Q2b
	Slot selection range constraint for level 2
	150 nmi

	Q2c
	Slot selection range constraint for level 3
	0 nmi

	Q2d
	Slot selection range constraint for level 4
	300 nmi

	Q3
	Replace queued data
	TRUE

	Q4
	Number of available slots
	3


Table 1-63. Response to RTS compressed frame burst parameters
	Symbol
	Parameter name
	Default

	V42
	Length of information transfer
	Sufficient to included requested INFO frame

	V43
	Minimum information transfer delay
	T2 * M1 / 60 slots

	V44
	Maximum information transfer delay
	(5 sec) * M1 / 60 slots

	V45
	Minimum response delay
	T2 * M1 / 60 slots

	V46
	Maximum response delay
	(5sec) * M1 / 60 slots

	Q1
	Priority
	Highest priority in the RTS for which a reservation has been made

	Q2a
	Slot selection range constraint for level 1
	150 nmi

	Q2b
	Slot selection range constraint for level 2
	150 nmi

	Q2c
	Slot selection range constraint for level 3
	0 nmi

	Q2d
	Slot selection range constraint for level 4
	300 nmi

	Q3
	Replace queued data
	TRUE

	Q4
	Number of available slots
	3


1.4.4.7.5 
Response to CTS

1.4.4.7.5.1 
Transmission of DATA frame

A station receiving a CTS frame in a DLS burst addressed to it with an information transfer request reservation field shall transmit the requested DATA frame in the allocated reservation. 
1.4.4.7.5.2 
Response if no information to transmit

If the station has nothing to transmit (e.g., after a reset), it shall not transmit.

1.4.4.7.6 
Acknowledging the data

1.4.4.7.6.1 
DATA frame received
A receiving station which transmitted a CTS frame in a DLS burst containing an information transfer request reservation field (and consequently has a reservation for an acknowledgement) and which has received the DATA frame with the same setting of T bit and C bits as is contained in the RTS, shall transmit in the slot reserved for an acknowledgement an ACK frame in a DLS burst. 

In the link control field:

a)
The link type shall be set to ACK

b)
The T bit shall be set to the value of the T bit in the received DATA Frame.

c)
The C bits shall be set to the value of the P bits in the received DATA Frame.

The DLS burst containing the ACK frame shall contain a response reservation type except as determined by the procedures of Section 1.4.4.12.

1.4.4.7.6.2 
DATA frame not received

A receiving station which transmitted an information transfer request reservation field (and consequently has a reservation for an acknowledgement) and which has not received the DATA frame with the same setting of T bit and P bits as is contained in the RTS, shall transmit in the slot reserved for an acknowledgement a DLS burst containing a CTS frame as described in Section 1.4.4.7.3.3. 



	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


1.4.4.8 
Message Reception

1.4.4.8.1 
Receipt and forwarding of received DATA frames

When a DATA frame is received without errors from another station, the value of the T bit shall be inspected and recorded.

If this is:

a)
the first DATA frame to be received from the sending station with a given value of the C bits following completion of the Data Link Establishment or Handoff procedures with that station, or 

b)
the value of the T bit is the inverse of the last accepted DATA frame with the same value of the C bits,

then the message segment shall be accepted.

Otherwise, the received message shall be discarded as a duplicate.

1.4.4.8.2 
Concatenation of multi-segment messages

If any preceding message segments had been received with the same value of the C bits and with the M bit set to one, then the user data part of the received DATA frame shall be concatenated to the end of those message segments.

If the M bit is set to zero on the received DATA frame, then the user data part of the received DATA frame, including any message segments received earlier and with which it has been concatenated, shall be passed to the service user as a single incoming message.

Otherwise, the received user data shall be retained awaiting the arrival of the remaining parts of the multi-segment message.
1.4.4.8.3 
Acknowledgement of DATA frame

For each received message, an ACK frame shall be returned.

In the link control field:

a)
The link type shall be set to ACK

b)
The T bit shall be set to the value of the T bit in the received DATA frame.

c)
The C bits shall be set to the value of the P bits in the received DATA frame.

1.4.4.8.4 
Unacknowledged frames

Broadcast INFO, broadcast CTRL_CMD and all ACK frames shall be unacknowledged.

1.4.4.9 
Receipt of ACK frame

When an ACK frame is received without errors from another station, the values of the T and P bits shall be inspected.

If the settings of these bits are identical to the corresponding bits in the DATA frame to which the acknowledged was received, then the DATA frame shall be assumed to have been successfully received.

Otherwise, the sending station shall reset the link according to the procedures of Section 1.4.4.11.
Once a DATA frame has been successfully received, either the next segment in a multi-segment message or the next message in the transmission queue, if any, shall be selected for transmission using the procedures of Section 1.4.4.4.
1.4.4.10 
Message Pre-emption Procedures

If a message is queued for transmission that has a higher priority than any message that is currently being sent, either as a single segment transmission awaiting a response or as a multi-segment message, the higher priority message shall be transmitted using the procedures of Sections 1.4.4.3 to 1.4.4.9, except that the value of the C bits shall be set to a numerically higher value.

Note.—00 is the lowest numerical value. C bits values are assigned in the sequence 00,01,10,11.

If the message being transferred has the highest available C bit setting then the higher priority message shall be queued until transmission of that message is complete.
1.4.4.11 
Link reset

Otherwise, the sending station shall reset the link by sending a FRMR frame in a DLS burst using the random access protocol placing a unicast reservation for the response, discarding all outstanding messages in the message queue and setting the T bit to 0 for the next transmission.  If a FRMR_ACK is not received in the reserved slot, the FRMR shall be sent again using the re-transmission procedures.  Only when a FRMR_ACK has been received shall the station attempt to re-send data to the receiving station.

On receipt of a FRMR frame, the receiving station will discard any outstanding segments in the received message queue, reset the next expected T bit to 0 and transmit a FRMR_ACK frame in a DLS burst in the reserved slot.

1.4.4.12 
Linking transmissions to the same peer station
1.4.4.12.1 
Recommendation

A station with a queue of transmissions to send to a receiving station should seek to link transmissions using the procedures set out in this section.

1.4.4.12.2 
Combined RTS/DATA frames

When a receiving station has selected a message for transmission using the procedures of Section 1.4.4.4 and for which it has selected the long transmission procedures (see Section 1.4.4.7), it should also select the next message of the same or lower priority and place an RTS frame in the DLS burst containing the DATA frame for the first message.  

A station receiving a DLS burst containing a DATA frame and an RTS frame, shall process the DATA frame according the procedures of Section 1.4.4.7 except that the DLS burst containing the ACK frame shall also contain a CTS frame for the next DATA frame transfer and an information transfer reservation field for the DLS burst containing the DATA frame in accordance with the procedures of Section 1.4.4.7.3.
1.4.4.12.3 
Combined DATA frame and ACK frame

A receiving station which has data to send back to the sending station which would fit into a single slot DLS burst containing an ACK frame, should include its own DATA frame in the DLS burst containing the ACK frame. 
Note.-  Hence a station could combine a transport acknowledgement with the ACK if this can be produced in time
1.4.4.12.4 
Combined RTS frame and ACK frame
A receiving station which has data to send back to the sending station which would not fit into a single slot DLS burst containing an ACK frame, should combine an RTS frame for its own DATA frame in the DLS burst containing the ACK frame and use the long transmission procedures for the data transfer.
1.4.4.13 
Link transmissions to a different peer station

1.4.4.13.1 
Recommendation

A station sending an ACK frame to one destination which has data to send to a different destination, should include a unicast reservation field with sdf = 1 with the DLS burst containing the ACK and then transmit an RTS frame to the new destination in the reserved slot.
Note.- This makes it possible for eg a ground station to link a series of transmissions to different destinations.
1.4.4.14 
Control frame
The CTRL frame shall be used for the LME to establish and maintain links as defined in Section 1.5.  This frame’s information field shall be formatted per Section 1.5.4.

1.4.4.14.1 
Control command frame
The CTRL_CMD frame shall be used to send XID_CMD parameters.

1.4.4.14.2 
Control response frame
The CTRL_RSP frame shall contain XID_RSP parameters and be used to respond to CTRL_CMD commands.

1.4.4.15 
LME procedures

An LME receiving a Broadcast Handoff shall process it regardless of what CTRL_CMD it is waiting for a response. Otherwise, an LME sending an CTLR_CMD (P=1) shall have precedence over an LME sending an CTLR_CMD (P=0). Otherwise, an LME whose DLS address is lower than its peer LME shall have precedence.

5.2.8

XID frame

The CTRL frame shall be used for the LME to establish and maintain links as defined in Section 1.5. The originator of an CTLR_CMD (P=1) frame shall retransmit the XID upon expiration of Timer T3 whenever no response has been received. The receiving LME shall use the CTLR sequence number and retransmission field to differentiate a retransmission from a new CTLR; however, no meaning shall be attached to a missing sequence number. An LME shall send the exact same CTLR_RSP to every retransmission of a CTLR_CMD, unless it intends to change the link status via an CTLR_CMD (_HO, or _LCR).

1.4.4.16 
Procedures for air-air communication

Air-air communication services shall be supported by a zero-overhead connection oriented protocol (ZOCOP) as specified in this section.

A station wishing to send data to a station for which it does not currently have a link, shall send the data within a ZOCOP frame if using the short transmission procedures or send a ZOCOP_RTS frame if using the long transmission procedures.  On receipt of an ACK frame or CTS frame, the link shall be regarded as established.  Thereafter, data shall be exchanged as determined by the short and long transmission procedures using INFO and RTS frames as appropriate.

A station receiving a ZOCOP frame shall initialise the link with the value of T bit contained in the ZOCOP frame and respond according to the procedures of Section 1.4.4.7.5.

A station that sent the ZOCOP frame, shall regard the link as terminated if it does not transmit to the same peer for [60] seconds.  A station that received the ZOCOP frame, shall regard the link as terminated if it does not receive a transmission from the peer for [120] seconds.
1.4.4.17 


1.4.4.18 

1.5 
LINK MANAGEMENT ENTITY SUBLAYER TC \l2 "
1.5.1 

Services TC \l3 "

The services of the VME shall be as follows:

a) link provision; and

b) link change notifications.

1.5.1.1 

Link provision TC \l4 "
A VME shall have an LME for each peer LME. Hence, a ground VME shall have an LME per aircraft and an aircraft VME shall have an LME per ground system. An LME shall establish a link between a local DLE and a remote DLE associated with its peer LME. A ground LME shall determine if an aircraft station is associated with its peer aircraft LME by comparing the aircraft address; two aircraft stations with identical aircraft addresses are associated with the same LME. An aircraft LME shall determine if a ground station is associated with its peer ground LME by bit-wise logical ANDing the DLS address with the station ground system mask provided by the peer ground LME; two ground stations with identical masked DLS addresses are associated with the same LME.

Note.— If an aircraft receives a frame from a ground station, only one LME will process and react to that frame. Thus the qualifying phrase “from a ground station associated with its peer LME” will not be included and should be understood to be implied.

Each ground and mobile LME shall monitor all transmissions (both DLS and VSS) from its peer’s stations to maintain a reliable link between some ground station and the mobile while the mobile is in coverage of an acceptable ground station in the ground system.
1.5.1.2 
Link change notifications

The VME shall notify the intermediate-system system management entity (IS-SME) of changes in link connectivity supplying information contained in the CTLR frames received.

1.5.2 

Request to send exchange identity (XID) burst formats TC \l3 "
1.5.2.1 

Request to send XID burst TC \l4 "
An LME shall transmit the request to send XID (RTX) burst defined in Table 1-70 with VSS user supplied QoS and reservation parameters to make a request to send an XID to a peer LME.

Table 1-70. RTX burst format
	Description
	Octet
	Bit Number

	
	
	8
	7
	6
	5
	4
	3
	2
	1

	burst id
	5
	res
	1
	0
	0
	0
	0
	0
	1

	priority of XID (px)
	6
	px2
	px1
	res
	res
	lx12
	lx11
	lx10
	lx9

	length of XID (lx)
	7
	lx8
	lx7
	lx6
	lx5
	lx4
	lx3
	lx2
	lx1

	connection management parameter (cx)
	8
	cx8
	cx7
	cx6
	cx5
	cx4
	cx3
	cx2
	cx1

	XID sequence number parameter (seq)
	9
	seq8
	seq7
	seq6
	seq5
	seq4
	seq3
	seq2
	seq1

	RTX retransmission count (cnt)
	10
	res
	res
	res
	res
	cnt4
	cnt3
	cnt2
	cnt1


The priority of XID subfield (px) shall be the priority of the XID as defined in Table 1-10. The length of XID subfield (lx) shall be set to min((31 + length of frame in octets) / 32, 32) - 1. The connection management subfield (cx) shall be set equal to the value of the connection management parameter. The XID sequence parameter (seq) shall be set equal to the value of the XID sequence parameter. The retransmission count (cnt) shall be set equal to the 0 on the first transmission of a new RTX, and the cnt field shall be incremented by one for every subsequent retransmission.

Note.- An XID is a system management Protocol Data Unit (PDU).

1.5.2.2 

XID burst TC \l4 "
XID data shall be contained within either a DLS burst (see Table 1-57) or, for broadcast transmission of VDL Mode 4 private parameters only, shall alternatively use the compressed XID burst defined in Table 1-71.

Table 1-71. Compressed XID burst format
	Parameter field
	Octet
	Bit position within octet

	
	
	8
	7
	6
	5
	4
	3
	2
	1

	message ID, directory of services flag (dos)
	5
	dos
	0
	1
	1
	1
	1
	0
	1

	information field
	6
	ink
	
	
	
	
	
	
	

	
	7 - n-5
	
	
	………
	
	

	
	n-4
	
	
	
	
	
	
	
	

	
	n-3
	
	
	
	
	
	in1
	
	


	
	. . . . . . . . 
	
	Denotes variable length field


A value for the directory of services (dos) flag equal to 1 shall indicate that the XID parameter DOS message (see Section 1.5.4.4.2) is present in the burst. Otherwise the XID parameter DOS message shall be absent.

The following conditions shall apply to the use of the compressed XID burst:

1.
The XID shall contain VDL Mode 4 private parameters only.

2.
The XID shall be broadcast from a ground station.

3.
The c/r flag shall be absent from the burst and its value shall be assumed to be equal to 0.

4.
The link control field shall not be transmitted and its value shall be assumed to be equal to AFhex.

5.
The Format Identifier shall not be transmitted, and its value shall be assumed to be equal to 82hex.
6
The group ID shall not be transmitted and its value shall be assumed to be equal to F0hex.

7
The VDL Mode 4 private parameter set identifier shall not be transmitted and its value shall be assumed to be equal to 00hex.

8
If present, XID parameter DOS message shall always appear last.

9
For XID parameter DOS message, the parameter length shall be absent and the DOS message parameter shall end at the end of the information field.

1.5.3 

Exchange identity (XID) parameter formats TC \l3 "
The XID parameter formats shall conform to Section 5.3.2 with additional parameters as defined in this section. The use of each of the parameter subsets (general purpose information, aircraft-initiated information, ground-based initiated information, and ground-based initiated modification) shall be as defined in Section 5.3.2.

1.5.3.1 
Encoding

The user data field of CTRL_CMD and CTRL_RSP frames shall be encoded per ISO 8885 and may include the XID parameters described in this section.

In the tables included in the subsections to this section, the following order is implied:

a) bit order in each parameter value shall be indicated by subscript numbers. Bit 1 shall indicate the least significant bit; and

b) bits shall be transmitted octet by octet, starting with the parameter id, and within each octet the rightmost bit (as shown in the tables) shall be transmitted first.

Note 1.— The tables are divided into three major columns that define the field name, the bit encoding and brief explanatory notes.

Note 2. – XID parameters are extracted from the DLS sublayer CTRL frames and sent to the LME.
1.5.3.2 
Public parameters

XID parameters shall be encoded as defined in ISO 8885, with the addition of the private parameter data link layer subfield as defined in ISO 8885. The format identifier (hexadecimal 82) shall be used (per ISO 4335.2, Annex C) to identify the public parameter list identified in ISO 8885. The VDL shall use the public parameter group ID of hexadecimal 80 to negotiate the common HDLC parameters. The public parameter set ID shall be included in CTRL frames if other public parameters are included; the public parameter set ID shall not be included in CTRL frames if other public parameters are not included.

Note.— ISO 8885 defines certain public parameters as receive and transmit which are referred to herein as uplink and downlink respectively.

1.5.3.2.1 
Mode 4 public parameter set identifier

The Mode 4 parameter set shall be identified by the ISO IA5 character string “8885:1993:Mode 4” encoded as per Table 1-71a. This parameter shall be included whenever any of the public parameters are sent. It shall be the first public parameter sent as per ISO 8885.

10.3.1.1.2 Table 1-71a TBD

1.5.3.2.2 
Timer T1 parameter

This parameter defines the value of the Timer T1 that an aircraft DLE shall use. The values shall be defined in units of milliseconds for T1min and T1max and in hundredths for T1mult and T1exp. The timer values shall be encoded as 4 unsigned 16-bit integers as per Table 1-71b.

Table 1-71b.  Timer T1 parameter

	PRIVATE 
Parameter ID
	0
	0
	0
	0
	
	1
	0
	0
	1
	Timer T1 downlink

	Parameter length
	0
	0
	0
	0
	
	1
	0
	0
	0
	

	Parameter value
	l16
	l15
	l14
	l13
	
	l12
	l11
	110
	19
	(T1min)

	
	18
	17
	16
	15
	
	14
	13
	12
	11
	

	
	u16
	u15
	u14
	u13
	
	u12
	u11
	u10
	u9
	(T1max)

	
	u8
	u7
	u6
	u5
	
	u4
	u3
	u2
	u1
	

	
	m16
	m15
	m14
	m13
	
	m12
	m11
	m10
	m9
	(T1mult)

	
	m8
	m7
	m6
	m5
	
	m4
	m3
	m2
	m1
	

	
	e16
	e15
	e14
	e13
	
	e12
	e11
	e10
	e9
	(T1exp)

	
	e8
	e7
	e6
	e5
	
	e4
	e3
	e2
	e1
	


1.5.3.3 
VDL private parameters

The parameter identifier field shall allow simple identification of the purpose of the parameter as defined in Table 1-71c.

Table 1-71c  VDL private parameters

	PRIVATE 
Bit 8
	Bit 7
	Purpose

	
	
	

	0
	0
	General purpose information private parameter

	0
	1
	Ground‑initiated modification private parameter

	1
	0
	Aircraft‑initiated information private parameter

	1
	1
	Ground‑initiated information private parameter

	
	
	

	    Note.( ISO 8885 defines the group identifier of the private parameter function to be the hexadecimal value F0.


1.5.3.4 
Mode 2 private parameters
The following Mode 2 parameters shall also be available for use by the Mode 4 system.
1.5.3.4.1 
General purpose information private parameters TC \l4 "
Mode 4 shall use a subset of the Mode 2 general purpose information private parameters defined below to allow aircraft and ground-based LMEs to transfer basic information to each other.

1.5.3.4.1.1 
Parameter set identification parameter
The VDL Mode 2 parameter set is identified by the ISO IA5 character capital ‘V’ encoded as per Table 1-71d. This parameter shall be included whenever any of the VDL Mode 2 private parameters are to be sent. It shall be the first private parameter sent as per ISO 8885.

Table 1-71d. VDL Mode 2 private parameter set identifier parameter encoding
	Field
	Bit Position
	Notes

	Parameter ID
	0
	0
	0
	0
	0
	0
	0
	0
	Parameter set identifier

	Parameter length
	0 
	0
	0
	0
	0
	0
	0
	1
	

	Parameter value
	0 
	1
	0
	1
	0
	1
	1
	0
	Character V


Note.- This section replicates Mode 2 requirements specified in Section 5.4.2.4.1 of the Manual on VDL Mode 2 Technical Specifications and provides clarification as to how it is used within the Mode 4 context.
1.5.3.4.1.2 
Connection management parameter

This parameter defines the type of XID sent and the connection options negotiated for that particular link. It shall be used in XID frames sent during link establishment and ground-based initiated ground station handoff and shall be encoded as per Tables 1-71e, 1-71f and 1-71g. An LME shall set the reserved bits to 0 on transmission, and shall ignore the value of these bits on receipt.

Table 1-71e.  Connection management parameter

	PRIVATE 
Parameter ID
	0
	0
	0
	0
	
	0
	0
	0
	1
	Connection management

	Parameter length
	n8
	n7
	n6
	n5
	
	n4
	n3
	n2
	n1
	

	Parameter value
	0
	0
	0
	0
	
	v
	x
	r
	h
	

	
	
	
	
	
	
	
	
	
	
	

	    Note.( The value in the parameter length field is variable to allow for the possibility of additional options.


Table 1-71f.  Connection management parameter values

	PRIVATE 
Bit
	Name
	Encoding

	
	
	
	

	 1
	h
	h = 0
	No link currently established.

	
	
	h = 1
	Link currently established.

	2
	r
	r = 0
	Link connection accepted.

	
	
	r = 1
	Link connection refused.

	3
	x
	x = 0
	Only VDL-specific ground DTE addresses.

	
	
	x = 1
	Ground network DTE addresses accepted.

	4
	v
	v = 0
	Expedited subnetwork connection not supported

	
	
	v = 1
	Expedited subnetwork connection supported.

	5-8
	Reserved
	Set to 0
	


Table 1-71g.  Abbreviated XID names

	PRIVATE 
Name
	C/R
	P/F
	h
	r
	x
	v
	
Notes

	
	
	
	
	
	
	
	

	GSIF
	0
	0
	-
	-
	-
	-
	Ground Station Identification Frame

	CTLR_CMD_LE
	0
	1
	0
	0
	x
	x
	Link Establishment

	CTLR_CMD_LCR
	0
	0
	0
	1
	x
	x
	Link Connection Refused

	CTLR_CMD_LPM
	0
	1
	-
	-
	-
	-
	Link Parameter Modification

	CTLR_CMD_HO
	0
	1
	1
	0
	x
	x
	If P=1, then Initiating Handoff.

	CTLR_CMD_HO
	0
	0
	1
	0
	x
	x
	If broadcast and P=0, then comanding a Broadcast Handoff.

If unicast and P=0, then Requesting Handoff.

	CTLR_RSP_LE
	1
	1
	0
	0
	x
	x
	

	CTLR_RSP_LCR
	1
	1
	0
	1
	x
	x
	

	CTLR_RSP_LPM
	1
	1
	-
	-
	-
	-
	

	CTLR_RSP_HO
	1
	1
	1
	0
	x
	x
	

	
	
	
	
	
	
	
	

	x
=
don't care case

-
=
connection management parameter not included


1.5.3.4.1.3 
Signal quality parameter (SQP)

This parameter defines the received signal quality value of the last received transmission from the destination of the XID. It shall be encoded as a 4-bit integer as per Table 1-71h. If the transmitting LME included the SQP parameter in the CTLR_CMD (P=1) frame, then the responding LME shall also include it in the respective CTLR_RSP (F=1) frame.

Note.— This parameter will be used for testing purposes.

Table 1-71h.  Signal quality parameter

	PRIVATE 
Parameter ID
	0
	0
	0
	0
	
	0
	0
	1
	0
	SQP

	Parameter length
	0
	0
	0
	0
	
	0
	0
	0
	1
	

	Parameter value
	0
	0
	0
	0
	
	q4
	q3
	q2
	q1
	

	
	
	
	
	
	
	
	
	
	
	

	The contents of the SQP value field (q bits) are as defined in TBD


1.5.3.4.1.4 
XID sequencing parameter

This parameter defines the XID sequence number (sss) and an XID retransmission number (rrrr). It shall be encoded as per Table 1-71i. An LME shall increment the sequence number for every new XID (setting the retransmission field to 0 on the first transmission) and shall increment the retransmission field after every retransmission. In an CTLR_RSP, the sequence number shall be set to the value of the CTLR_CMD sequence number generating the response (the retransmission field shall be ignored).

Table 1-71i.  XID sequencing parameter

	PRIVATE 
Parameter ID
	0
	0
	0
	0
	 
	0
	0
	1
	1
	XID sequencing

	Parameter length
	0
	0
	0
	0
	 
	0
	0
	0
	1
	

	Parameter value
	r4
	r3
	r2
	r1
	 
	0
	s3
	s2
	s1
	


1.5.3.4.1.5 
LCR cause parameter

This parameter defines the reason why the link connection request was refused. The parameter, which may be repeated, shall consist of a rejection cause code (c bits), backoff delay time in seconds (d bits), and any additional data required by the various parameters. It is encoded as per Table 1-71j. Cause codes 00 hex to 7F hex shall apply to the responding station; cause codes 80 hex to FF hex shall apply to the responding system and shall be encoded as per Table 1-71k. At least one copy of this parameter shall be included whenever the “r” bit in the Connection Management parameter is set to 1; this parameter shall not be included if the “r” bit is set to 0. An LME receiving an LCR Cause parameter less than 80 hex shall not transmit another CTLR_CMD to that peer station for the duration of time designated in the LCR Cause parameter. An LME receiving an LCR Cause parameter greater than 7F hex shall not transmit another CTLR_CMD to that peer system for the duration of time designated in the LCR Cause parameter.

Note.— An aircraft LME receiving a station-based cause code from one ground station may immediately transmit the same CTLR_CMD to another ground station of the same ground system.

Table 1-71j.  LCR cause parameter

	PRIVATE 
Parameter ID
	0
	0
	0
	0
	
	0
	1
	1
	0
	LCR cause

	Parameter length
	n8
	n7
	n6
	n5
	
	n4
	n3
	n2
	n1
	

	Parameter value
	c8
	c7
	c6
	c5
	
	c4
	c3
	c2
	c1
	cause

	
	d16
	d15
	d14
	d13
	
	d12
	d11
	d10
	d9
	delay

	
	d8
	d7
	d6
	d5
	
	d4
	d3
	d2
	d1
	

	
	a8
	a7
	a6
	a5
	
	a4
	a3
	a2
	a1
	additional data


Table 1-71k.  Cause code table

	PRIVATE 
Cause
	Function
	Additional data encoding

	
	
	
	
	
	
	
	
	
	

	00h
	Bad local parameter.

    The additional data block, which may be repeated,

contains the GI and PI of a parameter which cannot be

satisfied by this ground station. This cause will not be

sent for an illegal Connection Management parameter.
	g8
p8
	g7
p7
	g6
p6
	g5
p5
	g4
p4
	g3
p3
	g2
p2
	g1
p1

	01h
	Out of link layer resources.
	undefined

	02h
	Out of packet layer resources.
	

	03h
	Terrestrial network not available.
	

	04h
	Terrestrial network congestion.
	

	05h
	Cannot support autotune.
	

	06h
	Station cannot support initiating handoff.
	

	07-7Eh
	Reserved
	

	7Fh
	Other unspecified local reason.
	

	80h
	Bad global parameter.

   The additional data block, which may be repeated,

contains the GI and PI of a parameter which cannot be

satisfied by any ground station in the system. This cause

will not be sent for an illegal Connection Management

parameter.
	identical to cause code 00

	81h
	Protocol Violation.

The first octet of the additional data block contains:

1 -
C/R bit (c bit) of the received XID;

2 -
P/F bit (p bit) of the received XID;

3 -
Disconnected bit (d bit) shall be set to 1 if the LME


has no links with the remote LME (the unexpected bit


shall also be set to 1);

4 -
Illegal bit (i bit) shall be set to 1 if the LME receives


an illegal XID (i.e., not listed in Table 1-97 and


described in Section 5.3.4);

5 -
Unexpected bit (u bit) shall be set to 1 if the LME


receives a legal XID which is not legal in the context


in which it was received.

    The remaining octets contains the parameter value of

the Connection Management parameter (m bits) if included in

the illegal XID.

    After transmitting or receiving an LCR with this cause

code, an LME shall delete all of its links.
	0

m8
	0

m7
	0

m6
	u

m5
	i

m4
	d

m3
	p

m2
	c

m1

	82h
	Ground system out of resources.
	

	83-FEh
	Reserved
	

	FFh
	Other unspecified system reason.
	


1.5.3.4.2 
Aircraft-initiated information private parameters

An aircraft LME shall use aircraft-initiated information parameters to inform the ground about that aircraft’s capabilities or desires. Ground LMEs shall not send these parameters.

1.5.3.4.2.1 
Acceptable alternate ground station parameter

This parameter defines a list of ground stations in order of preference. This parameter shall be a list of DLS addresses encoded in 32-bit fields as per Table 1-71l. These shall be used by the ground LME during handoffs as possible alternate ground stations, if the proposed ground station is not acceptable to the ground LME.

Table 1-71l.  Acceptable alternative ground station parameter

	PRIVATE 
Parameter ID
	1
	0
	0
	0
	
	0
	0
	1
	0
	Alternate ground station

	Parameter length
	n8
	n7
	n6
	n5
	
	n4
	n3
	n2
	n1
	

	Parameter value
	g22
	g23
	g24
	g25
	
	g26
	g27
	0
	0
	DLS Address

	
	g15
	g16
	g17
	g18
	
	g19
	g20
	g21
	0
	

	
	g8
	g9
	g10
	g11
	
	g12
	g13
	g14
	0
	

	
	g1
	g2
	g3
	g4
	
	g5
	g6
	g7
	0
	


1.5.3.4.2.2 
Destination airport parameter

This parameter defines the aircraft’s destination airport identifier. It shall be encoded as four 8-bit ISO IA5 characters per Table 1-71m.

Table 1-71m.  Destination airport parameter

	PRIVATE 
Parameter ID
	1
	0
	0
	0
	
	0
	0
	1
	1
	Destination airport

	Parameter length
	n8
	n7
	n6
	n5
	
	n4
	n3
	n2
	n1
	

	Parameter value
	a8
	a7
	a6
	a5
	
	a4
	a3
	a2
	a1
	(first character)

	
	b8
	b7
	b6
	b5
	
	b4
	b3
	b2
	b1
	

	
	c8
	c7
	c6
	c5
	
	c4
	c3
	c2
	c1
	

	
	d8
	d7
	d6
	d5
	
	d4
	d3
	d2
	d1
	(fourth character)


1.5.3.4.3 

Ground-initiated modification
private parameters TC \l4 "
A ground LME shall use the ground-based initiated modification parameters to change the value of various parameters in one or more aircraft. Aircraft LMEs shall not send an XID with these parameters.

1.5.3.4.3.1 
Replacement ground station list

This parameter defines a list of ground stations in order of ground LME preference. This parameter shall be encoded as a list of DLS addresses in 32-bit fields as per Table 1-71n. These addresses shall be used by the aircraft LME during handoffs as possible alternate ground stations if the proposed ground station is not acceptable to the LME.

Table 1-71n.  Replacement ground station list

	PRIVATE 
Parameter ID
	0
	1
	0
	0
	
	0
	0
	0
	1
	Replacement ground station list

	Parameter length
	n8
	n7
	n6
	n5
	
	n4
	n3
	n2
	n1
	

	Parameter value
	g22
	g23
	g24
	g25
	
	g26
	g27
	0
	0
	

	
	g15
	g16
	g17
	g18
	
	g19
	g20
	g21
	0
	

	
	g8
	g9
	g10
	g11
	
	g12
	g13
	g14
	0
	

	
	g1
	g2
	g3
	g4
	
	g5
	g6
	g7
	0
	


1.5.3.4.3.2 
Timer T4 parameter

This parameter defines the value of Timer T4 (in minutes) that the aircraft DLEs shall use. It shall be encoded as an unsigned 16-bit integer as per Table I-71o.

Table 1-71o.  Timer T4 parameter

	PRIVATE 
Parameter ID
	0
	1
	0
	0
	
	0
	0
	1
	0
	Timer T4

	Parameter length
	0
	0
	0
	0
	
	0
	0
	1
	0
	

	Parameter value
	n16
	n15
	n14
	n13
	
	n12
	n11
	n10
	n9
	

	
	n8
	n7
	n6
	n5
	
	n4
	n3
	n2
	n1
	


1.5.3.4.3.3 
MAC persistence parameter

This parameter defines the value of the parameter p in the p-persistent CSMA algorithm that an aircraft MAC shall use. This 8-bit integer shall be encoded as hexadecimal 00 (= decimal 1/256) to hexadecimal FF (= decimal 256/256) as per Table 1-71p.

Table 1-71p.  MAC persistence parameter

	PRIVATE 
Parameter ID
	0
	1
	0
	0
	
	0
	0
	1
	1
	MAC persistence

	Parameter length
	0
	0
	0
	0
	
	0
	0
	0
	1
	

	Parameter value
	n8
	n7
	n6
	n5
	
	n4
	n3
	n2
	n1
	


1.5.3.4.3.4 
Counter VS3 parameter

This parameter defines the value of VS3 that an aircraft MAC shall use. It shall be encoded as a 16-bit unsigned integer as per Table 1-71q.

Table 1-71q.  Counter VS3 parameter

	PRIVATE 
Parameter ID
	0
	1
	0
	0
	
	0
	1
	0
	0
	Counter VS3

	Parameter length
	0
	0
	0
	0
	
	0
	0
	1
	0
	

	Parameter value
	n16
	n15
	n14
	n13
	
	n12
	n11
	n10
	n9
	

	
	n8
	n7
	n6
	n5
	
	n4
	n3
	n2
	n1
	


1.5.3.4.3.5 
Timer TM2 parameter

This parameter defines the value of Timer TM2 (in seconds) that an aircraft MAC shall use. It shall be encoded as an 8-bit integer per Table 1-71r.

Table 1-71r.  Timer TM2 parameter

	PRIVATE 
Parameter ID
	0
	1
	0
	0
	
	0
	1
	0
	1
	Timer TM2

	Parameter length
	0
	0
	0
	0
	
	0
	0
	0
	1
	

	Parameter value
	n8
	n7
	n6
	n5
	
	n4
	n3
	n2
	n1
	


1.5.3.4.3.6 
Timer TG5 parameter

This parameter defines the value of Timer TG5 (in seconds) that the initiating and responding LMEs shall use. It shall be encoded as two 8-bit integers per Table 1-71s.

Table 1-71s.  Timer TG5 parameter

	PRIVATE 
Parameter ID
	0
	1
	0
	0
	
	0
	1
	1
	0
	Timer TG5

	Parameter length
	0
	0
	0
	0
	
	0
	0
	1
	0
	

	Parameter value
	i8
	i7
	i6
	i5
	
	i4
	i3
	i2
	i1
	(initiating)

	

	r8
	r7
	r6
	r5
	
	r4
	r3
	r2
	r1
	(responding)


1.5.3.4.3.7 
T3min parameter

This parameter defines the value of T3min (in milliseconds) that an aircraft DLE shall use. It shall be encoded as an unsigned 16-bit integer as per Table 1-71t.

Table 1-71t.  T3min parameter

	PRIVATE 
Parameter ID
	0
	1
	0
	0
	
	0
	1
	1
	1
	T3min

	Parameter length
	0
	0
	0
	0
	
	0
	0
	1
	0
	

	Parameter value
	n16
	n15
	n14
	n13
	
	n12
	n11
	n10
	n9
	

	
	n8
	n7
	n6
	n5
	
	n4
	n3
	n2
	n1
	


1.5.3.4.3.8 
Ground station address filter parameter

This parameter defines the DLS address of the ground station from which links are handed-off. This parameter shall be sent in a CTLR_CMD and a receiving aircraft LME shall process the CTLR_CMD only if it has a link to the identified ground station. The ground station address filter shall be encoded in a 32-bit field as defined in Table 1-71u.

Table 1-71u.  Ground station address filter parameter

	PRIVATE 
Parameter ID
	0
	1
	0
	0
	
	1
	0
	0
	0
	Ground station address filter

	Parameter length
	0
	0
	0
	0
	
	0
	1
	0
	0
	

	Parameter value
	g22
	g23
	g24
	g25
	
	g26
	g27
	0
	0
	DLS address

	
	g15
	g16
	g17
	g18
	
	g19
	g20
	g21
	0
	

	
	g8
	g9
	g10
	g11
	
	g12
	g13
	g14
	0
	

	
	g1
	g2
	g3
	g4
	
	g5
	g6
	g7
	0
	


1.5.3.4.4 
Ground-initiated information private parameters TC \l4 "
A ground LME shall use ground-based initiated information parameters to inform one or more aircraft LMEs about that ground-based system’s capabilities. Aircraft LMEs shall not send these parameters.

1.5.3.4.4.1 
Airport coverage indication parameter

This parameter defines a list of four-character airport identifiers of airports for which the ground station can support communication with aircraft on the ground. Each four-character identifier shall be encoded as four 8-bit ISO IA5 characters as per Table 1-71v.

Table 1-71v.  Airport coverage indication parameter

	PRIVATE 
Parameter ID
	1
	1
	0
	0
	
	0
	0
	0
	1
	Airport coverage indication

	Parameter length
	n8
	n7
	n6
	n5
	
	n4
	n3
	n2
	n1
	

	Parameter value
	a8
	a7
	a6
	a5
	
	a4
	a3
	a2
	a1
	(first character)

	
	b8
	b7
	b6
	b5
	
	b4
	b3
	b2
	b1
	

	
	c8
	c7
	c6
	c5
	
	c4
	c3
	c2
	c1
	

	
	d8
	d7
	d6
	d5
	
	d4
	d3
	d2
	d1
	(fourth character)


1.5.3.4.4.2 
Nearest airport parameter

This parameter defines the four-character airport ID of the airport nearest the ground station. It shall be encoded as four 8-bit ISO IA5 characters as per Table 1-71w. The nearest airport parameter shall not be included in an XID if the Airport Coverage Indication is included.

Table 1-71w.  Nearest airport parameter

	PRIVATE 
Parameter ID
	1
	1
	0
	0
	
	0
	0
	1
	1
	Nearest airport

	Parameter length
	0
	0
	0
	0
	
	0
	1
	0
	0
	

	Parameter value
	a8
	a7
	a6
	a5
	
	a4
	a3
	a2
	a1
	(first character)

	
	b8
	b7
	b6
	b5
	
	b4
	b3
	b2
	b1
	

	
	c8
	c7
	c6
	c5
	
	c4
	c3
	c2
	c1
	

	
	d8
	d7
	d6
	d5
	
	d4
	d3
	d2
	d1
	(fourth character)


1.5.3.4.4.3 
ATN router NETs parameter

This parameter defines a list of ATN air-ground routers identified by the “administration identifier” (ADM) and “administration region selector” (ARS) subfields of their network entity titles (NETs). It shall be encoded as per Table 1-71x.

Table 1-71x.  ATN router NETs parameter

	PRIVATE 
Parameter ID
	1
	1
	0
	0
	
	0
	1
	0
	0
	ATN router NETs

	Parameter length
	n8
	n7
	n6
	n5
	
	n4
	n3
	n2
	n1
	

	Parameter value
	a24
	a23
	a22
	a21
	
	a20
	a19
	a18
	a17
	ADM subfield

	
	a16
	a15
	a14
	a13
	
	a12
	a11
	a10
	a9
	

	
	a8
	a7
	a6
	a5
	
	a4
	a3
	a2
	a1
	

	
	r24
	r23
	r22
	r21
	
	r20
	r19
	r18
	r17
	ARS subfield

	
	r16
	r15
	r14
	r13
	
	r12
	r11
	r10
	r9
	

	
	r8
	r7
	r6
	r5
	
	r4
	r3
	r2
	r1
	


1.5.3.4.4.4 
Ground-based system mask parameter

This parameter defines the ground-based system mask. It shall be encoded as a 27-bit mask in a 32-bit field as per Table 1-71y.

Table 1-71y.  Ground‑based system mask parameter

	PRIVATE 
Parameter ID
	1
	1
	0
	0
	
	0
	1
	0
	1
	Ground‑based system mask

	Parameter length
	0
	0
	0
	0
	
	0
	1
	0
	0
	

	Parameter value
	g22
	g23
	g24
	g25
	
	g26
	g27
	0
	0
	

	
	g15
	g16
	g17
	g18
	
	g19
	g20
	g21
	0
	

	
	g8
	g9
	g10
	g11
	
	g12
	g13
	g14
	0
	

	
	g1
	g2
	g3
	g4
	
	g5
	g6
	g7
	0
	


1.5.3.4.4.5 
Timer TG3 parameter

This parameter defines the value of Timer TG3 (in half-seconds) that the ground LME is using. It shall be encoded as a pair of unsigned 16-bit integers as per Table 1-71z.

Table 1-71z.  Timer TG3 parameter

	PRIVATE 
Parameter ID
	1
	1
	0
	0
	
	0
	1
	1
	0
	Timer TG3

	Parameter length
	0
	0
	0
	0
	
	0
	1
	0
	0
	

	Parameter value
	116
	115
	114
	113
	
	112
	111
	110
	19
	(lower bound)

	
	18
	17
	16
	15
	
	14
	13
	12
	11
	

	
	u16
	u15
	u14
	u13
	
	u12
	u11
	u10
	u9
	(upper bound)

	
	u8
	u7
	u6
	u5
	
	u4
	u3
	u2
	u1
	


1.5.3.4.4.6 
Timer TG4 parameter

This parameter defines the value of Timer TG4 (in seconds) that the ground LME is using. It shall be encoded as an unsigned 16-bit integer as per Table 1-71aa. A value of 0 shall mean that the ground LME is not using this timer.

Table 1-71aa.  Timer TG4 parameter

	PRIVATE 
Parameter ID
	1
	1
	0
	0
	
	0
	1
	1
	1
	Timer TG4

	Parameter length
	0
	0
	0
	0
	
	0
	0
	1
	0
	

	Parameter value
	v16
	v15
	v14
	v13
	
	v12
	v11
	v10
	v9
	

	
	v8
	v7
	v6
	v5
	
	v4
	v3
	v2
	v1
	


1.5.3.5 
Mode 4 private parameters

1.5.3.5.1 
General purpose information private parameters
1.5.3.5.1.1 
VDL Mode 4 private parameter set identifier
The VDL Mode 4 parameter set is identified by the ISO IA5 character capital ‘S’ encoded as per Table 1-72. This parameter shall be included whenever any of the VDL Mode 4 private parameters are to be sent. It shall be the first private parameter sent as per ISO 8885.

Table 1-72. VDL Mode 4 private parameter set identifier parameter encoding
	Field
	Bit Position
	Notes

	Parameter ID
	0
	0
	0
	0
	0
	0
	0
	0
	Parameter set identifier

	Parameter length
	0 
	0
	0
	0
	0
	0
	0
	1
	

	Parameter value
	0 
	1
	0
	1
	0
	0
	1
	1
	Character S


1.5.3.5.1.2 

Modulation support parameter TC \l4 "
This parameter defines a list of modulation schemes that are supported. This parameter shall be sent on link establishment. It shall be encoded as shown in Table 1-73 and 1-74.

Table 1-73. Modulation support list encoding
	Field
	Bit Position
	Notes

	Parameter ID
	1
	0
	0
	0
	0
	0
	0
	1
	Modulation support list

	Parameter length
	n8 
	n7
	n6
	n5
	n4
	n3
	n2
	N1
	

	Parameter value
	
	
	
	
	m4
	m3
	m2
	M1
	Mode


Table 1-74. Modulation encoding
	Encoding
	Meaning

	0  to  1
	Reserved

	2
	VDL Mode 2

	3
	VDL Mode 3

	4
	VDL Mode 4 (GFSK modulation)

	5 to F
	Reserved


1.5.3.5.2 
Ground-initiated modification private parameters
1.5.3.6 
1.5.3.6.1.1 

N3 parameter
This parameter defines the value of N3 that an aircraft shall use, encoded as a 16-bit unsigned integer as per Table 1-75.

Table 1-75. N3 parameter encoding
	Field
	Bit position
	Notes

	Parameter ID
	0
	1
	0
	0
	0
	0
	0
	0
	N3 parameter

	Parameter length
	0 
	0
	0
	0
	0
	0
	1
	0
	

	Parameter value
	n16
	n15
	n14
	n13
	n12
	n11
	n10
	n9
	

	
	n8 
	n7
	n6
	n5
	n4
	n3
	n2
	n1
	


1.5.3.6.1.2 

VS1 parameter

This parameter defines the value of VS1 that an aircraft shall use, encoded as a 4-bit unsigned integer as per Table 1-76.

Table 1-76. VS1 parameter encoding
	Field
	Bit position
	Notes

	Parameter ID
	0
	1
	0
	0
	0
	0
	0
	1
	VS1 parameter

	Parameter length
	0 
	0
	0
	0
	0
	0
	0
	1
	

	Parameter value
	0
	0
	0
	0
	n4
	n3
	n2
	n1
	


1.5.3.6.1.3 

VS2 parameter

This parameter defines the value of VS2 in dB that an aircraft shall use, encoded as a 6-bit unsigned integer as per Table 1-77.

Table 1-77. VS2 parameter encoding
	Field
	Bit position
	Notes

	Parameter ID
	0
	1
	0
	0
	0
	0
	1
	0
	VS2 parameter

	Parameter length
	0 
	0
	0
	0
	0
	0
	0
	1
	

	Parameter value
	0
	0
	n6
	n5
	n4
	n3
	n2
	n1
	


1.5.3.6.1.4 

Q4 parameter

This parameter defines the value of Q4 that an aircraft shall use, encoded as a 5-bit unsigned integer as per Table 1-78.

Table 1-78. Q4 parameter encoding
	Field
	Bit position
	Notes

	Parameter ID
	0
	1
	0
	0
	0
	0
	1
	1
	Q4 parameter

	Parameter length
	0 
	0
	0
	0
	0
	0
	0
	1
	

	Parameter value
	0
	0
	0
	n5
	n4
	n3
	n2
	n1
	


1.5.3.6.1.5 

VS4 parameter

This parameter defines the value of VS4 in nmi that an aircraft shall use, encoded as a 7-bit unsigned integer as per Table 1-79.

Table 1-79. VS4 parameter encoding
	Field
	Bit Position
	Notes

	Parameter ID
	0
	1
	0
	0
	0
	1
	0
	0
	VS4 parameter

	Parameter length
	0
	0
	0
	0
	0
	0
	0
	1
	

	Parameter value
	0
	n7
	n6
	n5
	n4
	n3
	n2
	n1
	


1.5.3.6.1.6 

m2 filter parameters

Table 1-80 defines the values of parameters used for the m2 filter that an aircraft shall use. M2inc is encoded as an 8-bit unsigned integer. M2limit is encoded as a 16-bit unsigned integer.

Table 1-80. m2 filter parameter encoding
	Field
	Bit position
	Notes

	Parameter ID
	0
	1
	0
	0
	0
	1
	0
	1
	m2 filter parameters

	Parameter length
	0
	0
	0
	0
	0
	0
	1
	1
	

	M2inc parameter value
	i8
	i7
	i6
	i5
	i4
	i3
	i2
	i1
	M2inc

	M2limit parameter value
	l16
	l15
	l14
	l13
	l12
	i11
	i10
	l9
	M2limit

	
	l8
	l7
	l6
	l5
	l4
	l3
	l2
	l1
	


1.5.3.6.1.7 

CG1 filter parameters

Table 1-81 defines the values of parameters used for the CG1 filter that an aircraft shall use. CG1_plea is encoded as an 8-bit unsigned integer. CG1_range is encoded as an 8-bit unsigned integer. TG6 is encoded as an 8-bit unsigned integer. CG1_inc is encoded as an 8-bit unsigned integer. 1/CG1_decay is encoded as an 8-bit unsigned integer. CG_limit is encoded as a 16-bit unsigned integer.

Table 1-81. CG1 filter parameter encoding
	Field
	Bit position
	Notes

	Parameter ID
	0
	1
	0
	0
	0
	1
	1
	0
	CG1 filter parameters

	Parameter length
	0
	0
	0
	0
	0
	1
	1
	1
	

	CG1_plea parameter value
	p8
	p7
	p6
	p5
	p4
	p3
	p2
	p1
	CG1_plea

	CG1_range parameter value
	r8
	r7
	r6
	r5
	r4
	r3
	r2
	r1
	CG1_range

	TG6 parameter value
	t8
	t7
	t6
	t5
	t4
	t3
	t2
	t1
	TG6

	CG1_limit parameter value
	l16
	l15
	l14
	l13
	l12
	i11
	i10
	l9
	CG1_limit

	
	l8
	l7
	l6
	l5
	l4
	l3
	l2
	l1
	

	CG1_inc parameter value
	i8
	i7
	i6
	i5
	i4
	i3
	i2
	i1
	CG1_inc

	1/CG1_decay parameter value
	d8
	d7
	d6
	d5
	d4
	d3
	d2
	d1
	1/CG1_decay


1.5.3.6.1.8 

Autotune frequency parameter

This parameter defines the frequency and modulation scheme that an aircraft LME shall use to reply to a ground station listed in the replacement ground station parameter. This parameter shall be sent by a ground LME when an autotune is required. The parameter shall be encoded as a 16-bit field as per Table 1-82. The modulation subfield (m bits) shall be defined as per Table 1-74. The frequency subfield (f bits) shall be defined as per Table 1-30.

Table 1-82. Autotune parameter encoding
	Field
	Bit position
	Notes

	Parameter ID
	0
	1
	0
	0
	0
	1
	1
	1
	Autotune frequency

	Parameter length
	0
	0
	0
	0
	0
	0
	1
	0
	

	Parameter value
	m4
	m3
	m2
	m1
	f12
	f11
	f10
	f9
	

	
	f8
	f7
	f6
	f5
	f4
	f3
	f2
	f1
	


1.5.3.6.1.9 
Maximum number of missed reservations parameter

This parameter defines the number of consecutive missed reservations that will be used to determine a station is unreachable. This parameter shall be sent by a ground LME, as required, to adjust the timeliness of the LEAVE event. The parameter shall be encoded as an 8-bit field as per Table 1-82a. The parameter (G1) shall be defined as per Table 1-89.

Table 1-82a. G1 parameter encoding
	Field
	Bit position
	Notes

	Parameter ID
	0
	1
	0
	0
	1
	0
	0
	0
	Autotune frequency

	Parameter length
	0
	0
	0
	0
	0
	0
	0
	1
	

	Parameter value
	G18
	G17
	G16
	G15
	G14
	G13
	G12
	G11
	


Note: The range of the G1 counter is 1 to 255. The value of 0 (G1=0) is invalid.
1.5.3.6.2 
Ground-initiated information private parameters
1.5.3.6.3 
1.5.3.6.3.1 

Frequency support list

This parameter, encoded per Table 1-83, shall provide the mode, frequency, ground station address information and the relative location of the ground station listed. The location shall be encoded as an offset relative to the position of the source station: easterly offset (eo) (west is negative)and northerly offset (no) (south is negative) shall each be 8 bit parameters with a resolution of 4 nmi encoded using two’s complement math. The mode shall be encoded per Table 1-74 and the frequency shall be encoded per 1-30.  The ground DLS address shall be the DLS address of a ground station which can provide services on the specified frequency and modulation scheme. No association shall be made between the operating parameters included in the transmitted XID frame and the operating parameters of the ground station(s) listed. During frequency recovery the aircraft LME shall choose randomly a frequency from the list to re-acquire service.

Table 1-83. Frequency support list encoding
	Field
	Bit position
	Notes

	Parameter ID
	1
	1
	0
	0
	0
	0
	0
	0
	frequency support list

	Parameter length
	n8
	n7
	n6
	n5
	n4
	n3
	n2
	n1
	

	Parameter value
	m4
	m3
	m2
	m1
	f12
	f11
	f10
	f9
	mode/frequency

	
	f8 
	f7
	f6
	f5
	f4
	f3
	f2
	f1
	

	
	g27 
	g26
	g25
	g24
	g23
	g22
	0
	0
	ground station identification

	
	g21 
	g20
	g19
	g18
	g17
	g16
	g15
	0
	

	
	g14 
	g13
	g12
	g11
	g10
	g9
	g8
	0
	

	
	g7 
	g6
	g5
	g4
	g3
	g2
	g1
	0
	

	
	eo8 
	eo7
	eo6
	eo5
	eo4
	eo3
	eo2
	eo1
	easterly offset

	
	no8 
	no7
	no6
	no5
	no4
	no3
	no2
	no1
	northerly offset


1.5.3.6.3.2 

Directory of service (DOS) message

The directory of service message shall be encoded as defined in Table 1-84.

Table 1-84. Directory of service message encoding
	Field
	Bit position
	Notes

	
	8
	7
	6
	5
	4
	3
	2
	1
	

	parameter ID
	1
	1
	0
	0
	0
	1
	0
	1
	DOS message

	Parameter length
	n8 
	n7
	n6
	n5
	n4
	n3
	n2
	n1
	

	parameter value
	gsc
	ai3
	ai2
	ai1
	ent4
	ent3
	ent2
	ent1
	entry number (ent), current channel subfield
additional service info (ai); GSC flag (gsc)

	
	si8
	si7
	si6
	si5
	si4
	si3
	si2
	si1
	service information (si)

	
	res
	res
	res
	res
	anum4
	anum3
	anum2
	anum1
	application number (anum) res field absent if anum field is absent.

	
	a18
	a17
	a16
	a15
	a14
	a13
	a12
	a11
	application 1 (a1)

	
	
	
	
	
	to
	
	
	
	

	
	ak8
	ak7
	ak6
	ak5
	ak4
	ak3
	ak2
	ak1
	application k (ak)

	
	
	
	
	
	
	
	
	
	

	
	gsc
	ai3
	ai2
	ai1
	f12
	f11
	f10
	f9
	channel subfield: 
additional service info (ai); GSC flag (gsc)

	
	f8
	f7
	f6
	f5
	f4
	f3
	f2
	f1
	frequency (f)

	
	si8
	si7
	si6
	si5
	si4
	si3
	si2
	si1
	service information (si)

	
	res
	res
	res
	res
	anum4
	anum3
	anum2
	anum1
	application number (anum)

	
	a18
	a17
	a16
	a15
	a14
	a13
	a12
	a11
	application 1 (a1)

	
	
	
	
	
	to
	
	
	
	

	
	ak8
	ak7
	ak6
	ak5
	ak4
	ak3
	ak2
	ak1
	application k (ak)

	
	
	
	
	
	
	
	
	
	

	
	sit6
	sit5
	sit4
	sit3
	sit2
	sit1
	x
	x
	service information type (sit)


Note.— Bits denoted “x” may be used within the reservation field.

The current channel subfield shall always be present. 1, 2 or more other channel subfields (channel 1, channel 2 etc) shall be added as required in a continuous bit sequence. The contents of the channel subfields shall be determined by the ai subfield as defined in Table 1-85. The service information type (sit) subfield shall follow the last channel subfield.

The subfields within each channel subfield shall be computed as defined in Table 1-85.

Table 1-85. Directory of service message subfield encoding
	Subfield
	Range
	Encoding
	Notes

	entry number (ent)
	0 – 15
	ent = entry number of Directory of Services message
	up to 16 different DOS messages can be accommodated associated with each ground station transmitting DOS messages.

	frequency (f)
	
	See Table 1-30


Absent in current channel subfield
	indicates the channel on which the DOS service is provided

	GSC flag (gsc)
	0 – 1
	set to 1 if channel is a GSC
	

	additional service information (ai)
	0 – 7
	bit 1: set to 1 if si field included

bit 2: set to 1 if anum field present.

bit 3: set to 1 if application (a) subfield(s) present
	

	service information type (sit)
	0 – 63
	Defines services indicated by each bit in the service information field.

As defined by application standards
	

	service information (si)
	Contains 8 single bit flags
	Bits indicate the services provided on the indicated channel.

bit set if service is available

Meaning of bits defined by application standards.

field absent if ai bit 0 = 0
	

	application number (anum)
	0 – 15
	Indicates the number of application fields present.

field absent if ai bit 1 = 0
	

	application (a)
	0 – 255
	Identifies a single service defined by application standards

field absent if ai bit 2 = 0

if ai bit 1 = 0 and ai bit 2 ( 0, only one application subfield shall be present
	


Each DOS message shall override any previous DOS message from the same ground station with the same entry number (ent).

The upper bit of the application field shall be used as an extension field, so that a 0 indicates a one byte field and a 1 indicates that the ID continues in the next byte.

Application fields shall be allocated as defined in Table 1-86.

Table 1-86. Allocation of application fields
	Encoding

(decimal equivalent)
	Allocation

	0 - 31
	reserved for future allocation by ICAO

	32 - 63
	reserved for private allocation by service provider 

	64 –127
	reserved for future allocation by ICAO delegated authority

	128 – 255
	reserved for future use (extension of application field)


Service information type (sit) fields shall be allocated as defined in Table 1-87.

Table 1-87. Allocation of service information type fields
	Encoding

(decimal equivalent)
	Allocation

	0 – 31
	reserved for future allocation by ICAO

	32 – 47
	reserved for private allocation by service provider 

	48 –63
	reserved for future allocation by ICAO delegated authority


1.5.4 

LME timers and parameters TC \l3 "
The LME service shall implement the system parameters defined in Table 1-88 and detailed in Sections 1.5.5.1 to 1.5.5.3. 
Table 1-88. Management entity system parameters
	PRIVATE 
Symbol
	Parameter name
	Minimum
	Maximum
	Mode 4 default
	Increment

	
	
	
	
	
	

	
	
	
	
	
	

	TG2
	Maximum idle activity time

    aircraft

    ground
	120 s

10 min
	360 s

4320 min
	180 s

60 min
	1 s

1 min

	
	
	
	
	
	

	TG4

(ground only)
	Maximum time between GSIFs
	100s
	None
	“not required”
	1s

	TG5
	Maximum link overlap time
    initiating

    responding
	0 s

0 s
	255 s

255 s
	20 s

60 s
	1 s

1 s

	G1
	Maximum number of missed reservations
	1
	255
	3
	1


	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



	
	
	
	
	
	

	
	
	
	
	
	


1.5.4.1 
Timer TG2 (maximum idle activity time)

Timer TG2 shall be set to the maximum time (TG2) that an LME shall retain information on another station without receiving a transmission from it. The timer shall be started when a valid transmission is first received from a station and shall be restarted on each subsequent receipt of a valid transmission from that station. It shall never be cancelled. If Timer TG2 expires, an LME shall assume that the station is no longer reachable; if a link existed with that station, then site recovery shall be invoked.

Note.— There is one Timer TG2 for each station being monitored.

1.5.4.2 
Counter G1 (maximum number of missed reservations) TC \l4 "
Parameter G1 shall be the maximum number of missed reservations before a station assumes that a peer station is unreachable. Counter G1 shall be set to zero when a transmission is received from a peer station. Counter G1 shall be incremented when no transmission is received from a peer station for which there was a prior reservation, if G1 has not been incremented in the previous five seconds, except that a station shall not increment G1 when the prior reservation was made by a station other than the peer station. When counter G1 exceeds the maximum number of missed reservations (the value of parameter G1), the peer station shall be marked as unreachable in the peer entity contact table (PECT) (see Section 1.5.6.2), and links to the peer station cancelled. There shall be one Counter G1 per peer station. Stations marked as unreachable shall be retained in the PECT for a period of time not less than 60 minutes.

Note 1.— The reason that G1 is not incremented when no response is heard in a slot that another station reserved for its peer is the possibility that the reservation itself was lost and thus no reliable inference can be made on the reachability of the peer station.
Note 2.— PECT entries are retained for a period of time in order to stabilize acquisition and track re-initialization performance for stations at the limits of coverage, and also to support potential search and rescue applications that may be developed in the future. Reservations for unreachable stations are retained in the reservation table and allowed to expire normally. These reservations represent real transmissions that may be expected to occur at the indicated times.

Note 3.— The timeliness of the generation of leave events depends on the value of the G1 counter and the number of reservations known to have been made by a station within a time interval. If the G1 counter is set to a low value then a leave event may be generated when a string of messages closely spaced in time is lost due to aircraft banking, antenna shadowing effects and interference. A ground station can readjust the G1 counter with the XID parameter defined in section 1.5.4.3.9 in order to minimise the likelihood of a leave event false alarm. 

1.5.4.3 
Timer TG5 (maximum link overlap time)

Timer TG5 shall be set to the maximum time that initiating and responding LMEs shall maintain the old link during handoffs. The LME initiating the handoff shall start its Timer TG5 when it receives an CTLR_RSP_HO. The LME responding to the handoff shall start its Timer TG5 when it transmits its CTLR_RSP_HO. The initiating LME shall never restart its Timer TG5; the responding LME shall restart its Timer TG5 if it retransmits an CTLR_RSP_HO. Timer TG5 shall be cancelled if either the old or new link is prematurely disconnected. After TG5 expires, each LME shall silently disconnect its half of the old link.

Note.— There is one Timer TG5 per LME.

1.5.5 

LME procedures TC \l3 "


1.5.5.1 

Peer entity contact Table (PECT) TC \l4 "
Every station shall maintain a table of all known stations. For each station, the table shall include the type of the station, a copy of the last of each type of broadcast burst, the time of the last transmission and a G1 counter. The ability to reach a peer station shall be assumed lost after G1 missed reservations.

1.5.6 

XID frame types and procedures TC \l3 "
The aircraft and ground LMEs shall use the XID frame types listed in Table 1-97, and the procedures described in the text below to provide a reliable connection between the aircraft and ground-based system. If an LME receives any valid CTLR_HO or CTLR_LPM frame from a system with which it does not have a link, it shall respond with an CTLR_LCR with the “d” bit set to 1 in the Protocol Violation Cause Code.


Table 1-97. XID parameters
	
	
	GSIF
	Air initiated link establishment
	Link parameter modification

	
	Source address
	Ground station
	Aircraft
	New ground station
	Current ground station
	Aircraft

	
	Destination address
	All aircraft
	Proposed ground station
	Aircraft
	Aircraft
	Current ground station

	XID parameters
	GI 
hex
	PI 
hex
	
	GSIF
(P=0)
	CTLR_CMD_LE
(P=1)
	CTLR_RSP_LE
(F=1)
	CTLR_CMD_LPM
(P=1)

	Public parameters 
	
	
	
	
	
	
	

	    Parameter set ID
	80h
	01h
	M
	M
	M
	N/A
	N/A

	    Procedure classes
	80h
	02h
	M
	M
	M
	N/A
	N/A

	    N1-downlink
	80h
	05h
	O
	N/A
	O
	N/A
	N/A

	    N1-uplink
	80h
	06h
	O
	N/A
	O
	N/A
	N/A

	    Timer T1 ( downlink
	80h
	09h
	O
	N/A
	O
	N/A
	N/A

	Private parameters

	Parameter set ID
	F0
	00
	M
	M
	M
	M
	M

	    Parameter set ID
	F0h
	00h
	M
	M
	M
	M
	M

	    Connection management
	F0h
	01h
	N/A
	M
	M
	N/A
	N/A

	    SQP
	F0h
	02h
	N/A
	O
	O
	O
	O

	    XID sequencing
	F0h
	03h
	N/A
	M
	M
	M
	M

	    LCR cause
	F0h
	06h
	N/A
	N/A
	N/A
	N/A
	N/A

	    Alternate grd stations
	F0h
	82h
	N/A
	O
	N/A
	N/A
	N/A

	    Destination airport
	F0h
	83h
	N/A
	O
	N/A
	N/A
	N/A

	    Repl. ground station
	F0h
	41h
	N/A
	N/A
	O
	N/A
	N/A

	    Timer T4
	F0h
	42h
	O
	N/A
	O
	O
	N/A

	    MAC persistence
	F0h
	43h
	O
	N/A
	O
	O
	N/A

	    Counter VS3
	F0h
	44h
	O
	N/A
	O
	O
	N/A

	    Timer TM2
	F0h
	45h
	O
	N/A
	O
	O
	N/A

	    Timer TG5
	F0h
	46h
	O
	N/A
	O
	O
	N/A

	    Timer T3min
	F0h
	47h
	O
	N/A
	O
	N/A
	N/A

	    Address filter
	F0h
	48h
	N/A
	N/A
	N/A
	N/A
	N/A

	    Airport coverage
	F0h
	C1h
	M1
	N/A
	O2
	N/A
	N/A

	    Nearest airport ID
	F0h
	C3h
	M1
	N/A
	O2
	N/A
	N/A

	    ATN router NETs
	F0h
	C4h
	M
	N/A
	M
	N/A
	N/A

	    System mask
	F0h
	C5h
	M
	N/A
	M
	N/A
	N/A

	    TG3
	F0h
	C6h
	O
	N/A
	O
	N/A
	N/A

	    TG4
	F0h
	C7h
	O
	N/A
	O
	N/A
	N/A

	N3 parameter
	F0
	40
	O
	N/A
	O
	O
	N/A

	VS1 parameter
	F0
	41
	O
	N/A
	O
	O
	N/A

	VS2 parameter
	F0
	42
	O
	N/A
	O
	O
	N/A

	Q4 parameter
	F0
	43
	O
	N/A
	O
	O
	N/A

	VS4 parameter
	F0
	44
	O
	N/A
	O
	O
	N/A

	m2 filter parameters
	F0
	45
	O
	N/A
	O
	O
	N/A

	CG1 filter parameters
	F0
	46
	O
	N/A
	O
	O
	N/A

	Autotune parameter
	F0
	47
	O
	N/A
	o
	O
	N/A

	G1 parameter
	F0
	48
	O
	N/A
	O
	O
	N/A

	Frequency support
	F0
	C0
	O
	N/A
	O
	O
	N/A

	Directory of service message
	F0
	C3
	O
	N/A
	O
	O
	N/A

	

	GI = ISO 8885 Group identifier

PI = ISO 8885 Parameter identifier

M = Mandatory

O = Optional

N/A = Not applicable

h = hexadecimal

NOTES
1.
In a GSIF XID frame it is mandatory to include either the Airport Coverage Indication parameter or the Nearest Airport Identifier parameter but not both (see 5.4.2.7.3).

2.
Where the Airport Coverage Indication parameter and the Nearest Airport Identifier parameter are marked as optional, either parameter may be included in the frame or neither but not both.


	
	
	Ground initiated handoff
	Air initiated handoff

	
	Source address
	Proposed ground station
	Aircraft
	Aircraft
	New ground station

	
	Destination address
	Aircraft
	New ground station
	Proposed ground station
	Aircraft

	XID parameters
	GI 
hex
	PI 
hex
	CTLR_CMD_HO
(P=1)
	CTLR_RSP_HO
(F=1)
	CTLR_CMD_HO
(P=1)
	CTLR_RSP_HO
(F=1)

	Public parameters 
	
	
	
	
	
	

	    Parameter set ID
	80h
	01h
	O
	O
	O
	O

	    Procedure classes
	80h
	02h
	O
	O
	O
	O

	    N1-downlink
	80h
	05h
	O
	N/A
	N/A
	O

	    N1-uplink
	80h
	06h
	O
	N/A
	N/A
	O

	    Timer T1 - downlink
	80h
	09h
	O
	N/A
	N/A
	O

	Private parameters

	Parameter set ID
	F0
	00
	M
	M
	M
	M

	    Connection management
	F0h
	01h
	M
	M
	M
	M

	    SQP
	F0h
	02h
	O
	O
	O
	O

	    XID sequencing
	F0h
	03h 
	M
	M
	M
	M

	    LCR cause
	F0h
	06h
	N/A
	N/A
	N/A
	N/A

	    Alternate ground stations
	F0h
	82h
	N/A
	N/A
	O
	N/A

	    Destination airport
	F0h
	83h
	N/A
	O
	O
	N/A

	    Repl. ground station
	F0h
	41h
	O
	N/A
	N/A
	O

	    Timer T4
	F0h
	42h
	O
	N/A
	N/A
	O

	    MAC persistence
	F0h
	43h
	O
	N/A
	N/A
	O

	    Counter VS3
	F0h
	44h
	O
	N/A
	N/A
	O

	    Timer TM2
	F0h
	45h
	O
	N/A
	N/A
	O

	    Timer TG5
	F0h
	46h
	O
	N/A
	N/A
	O

	    Timer T3min
	F0h
	47h
	O
	N/A
	N/A
	O

	    Address filter
	F0h
	48h
	N/A
	N/A
	N/A
	N/A

	    Airport coverage
	F0h
	C1h
	O2
	N/A
	N/A
	O2

	    Nearest airport ID
	F0h
	C3h
	O2
	N/A
	N/A
	O2

	    ATN router NETs
	F0h
	C4h
	M
	N/A
	N/A
	O

	    System mask
	F0h
	C5h
	O
	N/A
	N/A
	M

	    TG3
	F0h
	C6h
	O
	N/A
	N/A
	O

	    TG4
	F0h
	C7h
	O
	N/A
	N/A
	O

	N3 parameter
	F0
	40
	O
	N/A
	N/A
	O

	VS1 parameter
	F0
	41
	O
	N/A
	N/A
	O

	VS2 parameter
	F0
	42
	O
	N/A
	N/A
	O

	Q4 parameter
	F0
	43
	O
	N/A
	N/A
	O

	VS4 parameter
	F0
	44
	O
	N/A
	N/A
	O

	m2 filter parameters
	F0
	45
	O
	N/A
	N/A
	O

	CG1 filter parameters
	F0
	46
	O
	N/A
	N/A
	O

	Autotune parameter
	F0
	47
	O
	N/A
	N/A
	O

	G1 parameter
	F0
	48
	O
	N/A
	N/A
	O

	Frequency support
	F0
	C0
	O
	N/A
	N/A
	O

	Directory of service message
	F0
	C3
	O
	N/A
	N/A
	O

	

	GI = ISO 8885 Group identifier

PI = ISO 8885 Parameter identifier

M = Mandatory

O = Optional

N/A = Not applicable

h = hexadecimal

NOTES
1.
In a GSIF XID frame it is mandatory to include either the Airport Coverage Indication parameter or the Nearest Airport Identifier parameter but not both (see 5.4.2.7.3).

2.
Where the Airport Coverage Indication parameter and the Nearest Airport Identifier parameter are marked as optional, either parameter may be included in the frame or neither but not both.


	
	
	Air requested handoff
	Ground requested handoff
	Ground requested broadcast
	Link connection rejection

	
	Source address
	Aircraft
	Current ground station
	New ground station
	Any station

	
	Destination address
	Current or proposed ground station
	Aircraft
	All aircraft
	Any station

	XID parameters
	GI
hex
	PI 
hex
	CTLR_CMD_HO
(P=0)
	CTLR_CMD_HO
(P=0)
	CTLR_CMD_HO
(P=0)
	CTLR_RSP_LCR
CTLR_CMD_LCR

	Public parameters
	
	
	
	
	
	

	    Parameter set ID
	80h
	01h
	N/A
	O
	O
	N/A

	    Procedure classes
	80h
	02h
	N/A
	O
	O
	N/A

	    N1-downlink
	80h
	05h
	N/A
	O
	O
	N/A

	    N1-uplink
	80h
	06h
	N/A
	O
	O
	N/A

	    Timer T1 - downlink
	80h
	09h
	N/A
	O
	O
	N/A

	Private parameters

	Parameter set ID
	F0
	00
	M
	M
	M
	M

	    Connection management
	F0h
	01h
	M
	M
	M
	M

	    SQP
	F0h
	02h
	N/A
	N/A
	N/A
	N/A

	    XID sequencing
	F0h
	03h 
	M
	M
	M
	M

	    LCR cause
	F0h
	06h
	N/A
	N/A
	N/A
	M

	    Alternate ground stations
	F0h
	82h
	O
	N/A
	N/A
	N/A

	    Destination airport
	F0h
	83h
	O
	N/A
	N/A
	N/A

	    Repl. ground station
	F0h
	41h
	N/A
	O
	N/A
	N/A

	    Timer T4
	F0h
	42h
	N/A
	O
	O
	N/A

	    MAC persistence
	F0h
	43h
	N/A
	O
	O
	N/A

	    Counter VS3 
	F0h
	44h
	N/A
	O
	O
	N/A

	    Timer TM2
	F0h
	45h
	N/A
	O
	O
	N/A

	    Timer TG5
	F0h
	46h
	N/A
	O
	O
	N/A

	    Timer T3min
	F0h
	47h
	N/A
	O
	O
	N/A

	    Address filter
	F0h
	48h
	N/A
	N/A
	M
	N/A

	Private parameters
	
	
	
	
	
	

	    Airport coverage
	F0h
	C1h
	N/A
	N/A
	O2
	N/A

	    Nearest airport ID
	F0h
	C3h
	N/A
	N/A
	O2
	N/A

	    ATN router NETs
	F0h
	C4h
	N/A
	O
	M
	N/A

	    System mask
	F0h
	C5h
	N/A
	O
	O
	N/A

	    TG3
	F0h
	C6h
	N/A
	O
	O
	N/A

	    TG4
	F0h
	C7h
	N/A
	O
	O
	N/A

	N3 parameter
	F0
	40
	N/A
	O
	O
	N/A

	VS1 parameter
	F0
	41
	N/A
	O
	O
	N/A

	VS2 parameter
	F0
	42
	N/A
	O
	O
	N/A

	Q4 parameter
	F0
	43
	N/A
	O
	O
	N/A

	VS4 parameter
	F0
	44
	N/A
	O
	O
	N/A

	m2 filter parameters
	F0
	45
	N/A
	O
	O
	N/A

	CG1 filter parameters
	F0
	46
	N/A
	O
	O
	N/A

	Autotune parameter
	F0
	47
	N/A
	O
	O
	N/A

	G1 parameter
	F0
	48
	N/A
	O
	O
	N/A

	Frequency support
	F0
	C0
	N/A
	O
	O
	N/A

	Directory of service message
	F0
	C3
	N/A
	O
	O
	N/A

	GI = ISO 8885 Group identifier

PI = ISO 8885 Parameter identifier

M = Mandatory

O = Optional

N/A = Not applicable

h = hexadecimal

NOTES
1.
In a GSIF XID frame it is mandatory to include either the Airport Coverage Indication parameter or the Nearest Airport Identifier parameter but not both (see 5.4.2.7.3).

2.
Where the Airport Coverage Indication parameter and the Nearest Airport Identifier parameter are marked as optional, either parameter may be included in the frame or neither but not both.


1.5.6.1 
Frequency management procedures

The aircraft LME shall use the following procedures to acquire a frequency on which reliable VDL services are available.

1.5.6.1.1 
Frequency search

The aircraft LME shall initiate the frequency search procedure on system initialization or after link disconnection, if it can no longer detect uplink VDL frames on the current frequency. It shall attempt to identify a frequency on which VDL service is available by tuning the radio to the GSC and to other frequencies on which it knows a-priori that VDL service is available. It shall scan until it detects a valid uplink VDL frame with an acceptable source address or until Timer TG1 expires, in which case it shall tune the radio to another frequency and continue to scan.

1.5.6.1.2 
Frequency recovery

The aircraft LME shall initiate the frequency recovery procedure if it can no longer establish a link on the current frequency or if the MAC entity indicates that the current frequency is congested. It shall tune the radio to an alternate frequency using the data in the Frequency Support List previously received on the current link.

1.5.6.2 
Link connectivity procedures

The aircraft and ground LMEs shall use the following procedures to maintain connectivity across the VHF link:

a) ground station identification;

b) initial link establishment;

c) link parameter modification;

d) aircraft-initiated handoff;

e) aircraft-requested ground-based initiated handoff;

f) ground-based initiated handoff;

g) ground-based requested aircraft-initiated handoff;

h) ground-based requested broadcast handoff; and

i) autotune.

1.5.6.3 
Ground station identification

A ground station shall send a GSIF by broadcasting a CTLR_CMD (P = 0) with parameters as per Tables 1-97 if its Timer TG3 expires, (meaning that it has not transmitted any frame in TG3), seconds, or if its Timer TG4 expires, (meaning that it has not sent a GSIF in TG4 seconds). If a ground station offers Mode 4 service, the operator of that ground station shall ensure that, besides transmitting GSIFs on the service frequency, GSIFs are transmitted on the CSC. Aircraft LMEs receiving a GSIF shall process its content to identify the functionality of the ground station as well as the correct operational parameters to be used when communicating with it. Aircraft LMEs which have a connection with the transmitting ground station shall process only informational parameters and those parameters specified for an CTLR_CMD_LPM as per Table 1-97.

1.5.6.4 
Link establishment

The aircraft LME shall initiate the link establishment procedure with a ground station only to establish an initial link with the ground-based system. An aircraft transmitting or receiving a DM frame shall initiate link establishment if no links remain.

1.5.6.4.1 
Aircraft initiation

The aircraft LME shall choose a ground station with which it wishes to establish a link based on the signal quality of all received uplink frames and on information in any received GSIFs. It shall then attempt to establish a link with the chosen ground station by sending an CTLR_CMD_LE (P=1) frame. This frame shall include the mandatory parameters as per Table 1-97 and also any optional parameters for which the aircraft LME does not wish to use the default value. If the aircraft LME has received a GSIF from the ground station to which it is transmitting the CTLR_CMD_LE (P=1), then it shall use the parameters as declared; otherwise, it shall use the default parameters.

1.5.6.4.2 
General ground response

If the ground LME receives the CTLR_CMD_LE, it shall confirm link establishment by sending an CTLR_RSP_LE frame containing the parameters as per Table 1-97. The ground LME shall include in the CTLR_RSP_LE any optional parameters for which it is not using the default values. If the CTLR_RSP_LE includes the Autotune parameter then the Replacement Ground Station List parameter shall be included indicating the ground stations on the new frequency that the aircraft LME can establish a new link using the operating parameters specified in the CTLR_RSP_LE. If the CTLR_RSP_LE does not include the Autotune parameter, the ground LME shall include the Replacement Ground Station List parameter if it wishes to indicate the ground stations which can be reached on the current frequency using the same operating parameters as the transmitting station.

1.5.6.4.3 
Exceptional cases

If an LME receiving the CTLR_CMD_LE cannot establish the link with the sending LME, then it shall transmit an CTLR_RSP_LCR (F=1) instead of an CTLR_RSP_LE (F=1). If the parameters in the CTLR_RSP_LE from the ground LME are not acceptable to the aircraft LME, then the aircraft LME shall transmit a DISC to the ground. If the Autotune parameter is included in the CTLR_RSP_LE and the aircraft LME is unable to perform the autotune, then the aircraft LME shall respond with an CTLR_CMD_LCR (P=0); the link established on the current frequency shall not be affected. While waiting for a response to an CTLR_CMD_LE, an aircraft LME receiving any unicasted frame other than an XID shall retransmit the CTLR_CMD_LE instead of transmitting a DM.

1.5.6.5 
Link parameter modification

1.5.6.5.1 
Ground-based initiation

The ground LME shall request a modification of an existing link connection’s parameters by sending an CTLR_CMD_LPM (P=1) to the aircraft LME containing the parameters as per Tables 1-97.

1.5.6.5.2 
General aircraft response

The aircraft LME shall acknowledge with an CTLR_RSP_LPM containing the parameters as per Tables 1-97.

1.5.6.5.3 
Recommendation

If Counter N2 is exceeded for the CTLR_CMD_LPM, the ground LME should attempt to handoff via another station before disconnecting the link to the aircraft.

1.5.6.6 
Aircraft-initiated handoff

If an aircraft LME implements this section, then it shall set the “i” bit in the AVLC Specific Options parameter to 1; otherwise, it shall set the “i” bit to 0.

1.5.6.6.1 
Aircraft handoff

Once the aircraft LME has established a link to a ground station, it shall monitor the VHF signal quality on the link and the transmissions of the other ground stations. The aircraft LME shall establish a link to a new ground station if any of the following events occur:

a) the VHF signal quality on the current link is poor and the signal quality of another ground station

is significantly better;

b) Counter N2 is exceeded on any frame sent to the current ground station;

c) Timer TG2 expires for the current link; or

d) Timer TM2 expires. In this case, the aircraft LME shall autonomously tune to an alternate

frequency (provided in a frequency support list) before initiating the handoff.

1.5.6.6.2 
Site selection preference

From among those ground stations with acceptable link quality, the aircraft LME shall prefer to handoff to a ground station which indicates (in the GSIF) accessibility to the air-ground router(s) to which the aircraft DTE has subnetwork connections.

1.5.6.6.3 
Recommendation

If an aircraft has commenced approach to its destination airport and its current link is with a ground station that does not offer service at that airport, it should handoff to a ground station which indicates in its Airport Coverage Indication parameter that it offers service at that airport.

1.5.6.6.4 
Interaction of LMEs

When an aircraft VME hands off from a ground station in one ground-based system (and thus associated with one LME) to a ground station in another ground-based system (and thus associated with a different LME in the aircraft), the new LME shall use the link establishment procedures and the old LME shall send a DISC when directed by the VME.

Note.— Optimally the old link should not be disconnected until after the new link is capable of carrying application data. However this is outside the scope of these SARPs.

1.5.6.6.5 
General ground response

If the ground LME receives the CTLR_CMD_HO, it shall confirm link handoff by sending an CTLR_RSP_HO frame containing the parameters as per Table 1-97. The ground LME shall include in the CTLR_RSP_HO the optional parameters for which it is not using the default values. If the CTLR_RSP_HO includes the Autotune parameter, then the Replacement Ground Station List parameter shall be included to indicate the ground stations with which the aircraft LME can establish a new link on the new frequency, using the operating parameters specified in the CTLR_RSP_HO. If the CTLR_RSP_HO does not include the Autotune parameter, the ground LME shall include the Replacement Ground Station List parameter if it wishes to indicate the ground stations which can be reached on the current frequency using the same operating parameters as the transmitting station.

1.5.6.6.6 
Disconnecting old link

If the new and old ground stations are associated with different systems, then the procedures of Section 1.5.7.6.4 shall be followed. Otherwise, the aircraft LME shall set Timer TG5 when it receives the CTLR_RSP_HO. The ground LME shall set Timer TG5 after it transmits the CTLR_RSP_HO. Both stations shall continue to operate on the old link until their respective Timer TG5 expires, after which each will consider the link disconnected without sending or receiving a DISC.

1.5.6.6.7 
Exceptional cases

If the ground LME cannot satisfy the CTLR_CMD_HO, then it shall transmit an CTLR_RSP_LCR instead of an CTLR_RSP_HO; the current link shall not be affected. While waiting for a response to an CTLR_CMD_HO, an aircraft LME receiving any unicasted frame other than an XID from any ground station other than the current station shall retransmit the CTLR_CMD_HO. If Counter N2 is exceeded on the CTLR_CMD_HO, the aircraft LME shall attempt to handoff to another ground station; the current link shall not be affected. If the aircraft LME cannot perform the autotune, it shall transmit an CTLR_CMD_LCR (P=0); the current link shall not be affected. If the parameters in the CTLR_RSP_HO are not acceptable to the aircraft LME, then the aircraft LME shall transmit a DISC to the ground on the new link.

1.5.6.7 
Aircraft-requested ground-initiated handoff

An aircraft LME shall not perform this section when its peer LME does not support handoff initiation. An aircraft LME shall only perform this section if the current and proposed ground stations are both managed by its peer LME.

1.5.6.7.1 
Aircraft action

For an aircraft LME to request the ground LME to initiate a handoff, it shall send an CTLR_CMD_HO (P=0) addressed to its current or proposed ground station with the parameters as per Table 1-97. During this procedure the current link shall not be affected until the aircraft LME receives an CTLR_CMD_HO (P=1).

1.5.6.7.2 
General ground response

If the ground LME receives the CTLR_CMD_HO, it shall commence a ground-initiated handoff from a proposed ground station. The ground LME shall only transmit the CTLR_CMD_HO (P=1) once per CTLR_CMD_HO (P=0) request that it receives.

1.5.6.7.3 
Exceptional cases

If the ground system cannot initiate the handoff, it shall send an CTLR_CMD_LCR (P=0); the current link shall not be affected.

1.5.6.7.4 
Recommendation

If Counter N2 is exceeded for the CTLR_CMD_HO, the aircraft LME should attempt to request to handoff to another station before disconnecting all links to the ground and restarting link establishment.

1.5.6.8 
Ground-based initiated handoff

If a ground LME implements this section, then it shall set the “i” bit in the AVLC Specific Options parameter to 1; otherwise, it shall set the “i” bit to 0.

1.5.6.8.1 
Ground action

To command an aircraft, to which a link exists, to establish a new link to a proposed ground station on the same frequency, the ground LME shall send via that ground station an CTLR_CMD_HO (P=1) to the aircraft with parameters as per Table 1-97. If the ground LME will accept a handoff to other ground stations, the CTLR_CMD_HO shall include the Replacement Ground Station List parameter specifying the link layer address of those other stations. Any operating parameters in the CTLR_CMD_HO (either modification or informational) shall be valid for the transmitting station and for all ground stations listed in the Replacement Ground Station List parameter, except the Airport Coverage Indication parameter and Nearest Airport parameter which are only valid for the transmitting ground station.

1.5.6.8.2 
General aircraft response

The aircraft LME shall respond by sending an CTLR_RSP_HO with parameters as per Table 1-97 to either the proposed ground station or to its preferred ground station if the CTLR_CMD_HO included the Replacement Ground Station List parameter.

1.5.6.8.3 
Disconnecting old link

The aircraft LME shall set Timer TG5 after it transmits the CTLR_RSP_HO. The ground LME shall set Timer TG5 when it receives the CTLR_RSP_HO. Although new traffic will be sent over the new link, the old link shall not be disconnected immediately to allow any old traffic to be delivered.

1.5.6.8.4 
Exceptional cases

If the aircraft LME cannot accept the handoff request, it shall respond with an CTLR_RSP_LCR; the current link shall not be affected. While waiting for a response to an CTLR_CMD_HO, a ground LME receiving any unicasted frame other than an XID from the aircraft shall retransmit the CTLR_CMD_HO. If the parameters in the CTLR_RSP_HO are not acceptable to the ground LME, then the ground LME shall transmit a DISC to the aircraft on the new link.

1.5.6.8.5 
Recommendation

If Counter N2 is exceeded for the CTLR_CMD_HO, the ground LME should attempt to handoff via another station before disconnecting all links to the aircraft.

1.5.6.9 
Ground-based requested aircraft-initiated handoff

A ground LME shall not perform this section with aircraft that do not support handoff initiation.

1.5.6.9.1 
Ground action

For the ground LME to request an aircraft to initiate a handoff, it shall send an CTLR_CMD_HO (P=0) on the current link with parameters as per Table 1-97. The parameters in the XID (both modification and informational) are valid for all ground stations listed in the Replacement Ground Station List. It shall only include operational parameters if it also includes the Replacement Ground Station List parameter. If the Autotune parameter is included, then the Replacement Ground Station List parameter shall apply to the new frequency.

1.5.6.9.2 
General aircraft response

If the aircraft LME receives the CTLR_CMD_HO, it shall commence an aircraft-initiated handoff to a ground station, preferably one listed in the Replacement Ground Station List parameter.

1.5.6.9.3 
Exceptional cases

If the aircraft LME cannot initiate the handoff, it shall send an CTLR_CMD_LCR (P=0); the current link shall not be affected. If the Autotune parameter is included in the CTLR_CMD_HO (P=0), the aircraft LME shall retransmit on the new frequency the CTLR_CMD_HO (P=1) using the normal retransmission procedures; otherwise, it shall only transmit the CTLR_CMD_HO (P=1) once per received CTLR_CMD_HO (P=0).

1.5.6.9.4 
Recommendation

If Counter N2 is exceeded for the CTLR_CMD_HO, the ground LME should attempt to request a handoff via another station before disconnecting all links to the aircraft.

1.5.6.10 
Ground-based requested broadcast handoff

If the ground LME broadcasts link handoffs then it shall set the “bl ” bit in the AVLC options parameter to 1; otherwise, it shall set the “bl ” bit to 0. If the ground LME supports broadcast subnetwork connection handoff, the ground LME shall also support broadcast link handoffs and shall set the “bl ” and “bs ” bits in the AVLC options parameter to 1; otherwise, it shall set the “bs ” bit to 0.

1.5.6.10.1 
Ground action

If the ground LME supports broadcast link handoffs, for each aircraft that indicates it supports broadcast link handoff, the ground LME shall confirm the link handoff by including the Broadcast Connection parameter per Table 1-97. If the ground LME supports broadcast subnetwork connection management, for each aircraft that indicates it support broadcast subnetwork connection management, the ground LME shall confirm the link handoff and the subnetwork connection maintenance by including the Broadcast Connection parameter per Table 1-97.

1.5.6.10.2 
Aircraft response

The LME in each aircraft shall process received broadcast CTLR_CMD_HO (P=0) and determine if the ground LME had performed a broadcast link recovery (and possibly an expedited subnetwork recovery) for it. It shall do this by verifying that the Ground Station Address Filter parameter contains the DLS address of the ground station that it is connected to and that a Broadcast Connection parameter exists containing its aircraft address. Aircraft LMEs supporting broadcast recovery shall consider that a link handoff has occurred with the new link having the same parameters as the old link (as modified by the parameters in the broadcast XID). The old link shall be disconnected immediately.

The Broadcast Connection parameter shall include the subnetwork connection information (i.e. the M/I and LCI subfields) for only those subnetwork connections between the aircraft DTE and the peer ground DTEs that the ground LME maintained. Aircraft LMEs supporting broadcast subnetwork connection management shall process the remainder of the Broadcast Connection parameter to determine which subnetwork connections the ground LME maintained. For those subnetwork connections associated with the logical channels on the old link that the ground LME maintained, the aircraft DTE shall consider as if the CALL REQUEST and CALL CONFIRMATION sent on the old link were resent on the new link (except that the M/I bit in the Broadcast Connection parameter shall supersede the value in the previous CALL CONFIRMATION). At this point the aircraft DTE, ground DCE, and ground DTE shall be initialized. If the Broadcast Connection parameter indicates that the ground was not able to maintain a subnetwork connection (i.e. a particular LCI is not mentioned in the Broadcast Connection parameter), the aircraft shall explicitly establish this subnetwork connection as per TBD.

1.5.6.10.3 
Exceptional cases

If the aircraft LME does not support broadcast recovery, but the ground LME performed a broadcast link recovery for it, then the aircraft LME shall perform either an air-initiated link handoff, (if the aircraft LME supports same) or request a link handoff. If the aircraft LME finds the new ground station unacceptable, it shall perform an air-initiated handoff (if the aircraft LME supports same) or request a link handoff. If the Ground Station Address Filter parameter does not equal the DLS address of a link that the aircraft LME has or if no aircraft identifier subfield in a Broadcast Connection parameter equals its aircraft address, the aircraft LME shall not process the ground requested broadcast handoff. If the aircraft LME supports broadcast link handoffs but does not support broadcast subnetwork connection management and the Broadcast Connection field is implemented as per Table 5-35, the aircraft LME shall explicitly establish its subnetwork connections. If the Broadcast Connection parameter indicates that a subnetwork connection was maintained, but the aircraft LME does not recognize that subnetwork connection, then the aircraft DTE shall transmit a CLEAR REQUEST for each unrecognized subnetwork connection.

1.5.6.11 
Ground-based commanded autotune

This section summarizes the autotune details found in Sections 1.5.7.3, 1.5.7.5 and 1.5.7.8.

1.5.6.11.1 
Ground action

To command an aircraft LME to handoff to a ground station on a different frequency, the ground LME shall include the Autotune and Replacement Ground Station List parameters in an XID it sends during a link establishment or handoff procedure.

1.5.6.11.2 
General aircraft response

On receipt of an XID commanding an autotune, the aircraft LME shall retune the aircraft radio to the new frequency and commence an aircraft-initiated handoff to the chosen ground station.

1.5.6.11.3 
Exceptional cases

If the aircraft LME cannot perform the autotune, it shall transmit an CTLR_CMD_LCR (P=0); the current link shall not be affected.

1.5.6.12 
Expedited subnetwork connection management

If a LME implements this section, then it shall set the “v” bit in both the AVLC Specific Options and in the Connection Management parameters to 1; otherwise it shall set them to 0. This section shall only be applicable for the link establishment, air initiated handoff, and ground initiated handoff processes.

1.5.6.12.1 
Initiating station of subnetwork connection management

To perform an expedited subnetwork connection establishment or maintenance, the initiating LME shall include in the CTLR_CMD the Expedited Subnetwork Connection parameter for each subnetwork connection that needs to be established or maintained. The procedures for an expedited link establishment and maintenance shall be the same as outlined in Sections 1.5.7.4, 1.5.7.6 and 1.5.7.8.

1.5.6.12.2 
General responder action

If the responding LME receives a CTLR_CMD with one or more Expedited Subnetwork Connection parameters, it shall confirm subnetwork connection establishment or maintenance by sending an CTLR_RSP containing the parameters as per Table 1-97. The responding LME shall attempt to establish or maintain the specified subnetwork connections as outlined in Section 5.4.6. The responding LME shall include in the CTLR_RSP the CALL CONFIRMATION or CLEAR REQUEST responses (i.e. in the Expedited Subnetwork Connection parameter) and any optional parameters for which it is not using the default values. The ground LME shall not process the Expedited Subnetwork Connection parameters if it includes the Autotune parameter in the CTLR_RSP.

1.5.6.12.3 
Exceptional cases

If the responding LME can not support the expedited subnetwork connection establishment or maintenance but can support the link establishment or handoff, it shall respond with CTLR_RSP with the Connection Management “v” bit set to 0 and shall not include the Expedited Subnetwork Connection parameters in the CTLR_RSP. If T3min expires, the responding LME shall include all responses (i.e. CALL CONFIRMATION or CLEAR REQUEST) that it has received up to that point in the CTLR_RSP. Any late responses from respective DTE(s) shall be sent to the initiating LME in INFO frames.

Note.— All CTLR_CMD retransmissions will cause the responding LME to respond with the same CTLR_RSP without further processing. All late subnetwork connection responses from ground DTEs will not be included in the retransmitted CTLR_RSP.

1.5.7 

XID transmission procedures TC \l3 "
This section may become a brief set of procedures for how to send CTRLs – hopefully we will not need a completely new long transmission procedure as we had before.
1.5.7.1 

Request to send TC \l4 "
To send an XID to a specific peer station using the long transmission procedures, an LME shall transmit an RTX burst as defined in Table 1-70. Each burst shall contain a unicast request reservation field with the parameters in Table 1-98. If a response is not received, the station shall retransmit the unicast request according to the procedures of Section 1.3.14.

Any General Response (either confirm or failure) sent in response to this RTX (that is, with id=RTX or compressed frame) other than a General Failure with error type 80 hex shall include the connection management parameter (octet 8 of the request) in the first octet of the user parameter field (octet 10 of the response), the XID sequence parameter (octet 9 of the request) in the second octet of the user parameter field (octet 11 of the response), and the RTX retransmission count (octet 10 of the request) in the third octet of the user parameter field (octet 12 of the response).

Note 1.— A ground station may use fixed transmission procedures to support long XID transmissions as well as broadcast XIDs. These transmissions may be augmented as appropriate with periodic reservations and block messages, to eliminate the potential for garble and also to indicate future intent

Note 2.— Short transmission procedures (See Section 1.4.4.3) can also be used when applicable.

Table 1-98. Long transmission RTX burst parameters
	Symbol
	Parameter name
	Default

	V32
	Minimum response delay
	T2 * M1 / 60 slots

	V33
	Maximum response delay
	5 * M1 / 60 slots

	V34
	Source/destination control
	0

	Q1
	Priority
	highest priority of user data frames

	Q2a
	Slot selection range constraint for level 1
	150 nmi

	Q2b
	Slot selection range constraint for level 2
	150 nmi

	Q2c
	Slot selection range constraint for level 3
	0 nmi

	Q2d
	Slot selection range constraint for level 4
	300 nmi

	Q3
	Replace queued data
	TRUE

	Q4
	Number of available slots
	3


1.5.7.2 

Recommendation TC \l4 "
When possible, the response offset subfield of each RTX burst should be assigned to slots that are not contiguous to other reservations

1.5.7.3 

Response to RTX TC \l4 "
If the responder does not support the LME, then it shall transmit a general failure (see Section 1.3.20) with an error type of 80 hex, but no other parameters, using  the QoS parameters as defined in Table 1-99. If the most recent XID that the responder has received from the source has the same XID sequence number, it shall transmit a General Confirm with id=compressed frame (with the c/r bit set to response) per Section 1.5.8.4. Otherwise, the responder shall transmit a general confirm with id = RTX including an information transfer reservation field with lg set equal to the length of the XID and QoS parameters as defined in Table 1-100.

If the channel is too busy (either the responder cannot find a sufficiently large series of contiguous slots or the priority is too low for the channel utilization), then the responder shall transmit either a general confirm including a unicast reservation with V34 = 1 indicating when the responder will transmit an information transfer request in response to the RTX or a general failure with error type = 01 hex.

Note 1.— If the responder sends a general failure the sender can retransmit the RTX after the timeout defined by the back-off delay or in the slot reserved by the destination.

Table 1-99. General response to RTX parameters
	Symbol
	Parameter name
	Default

	Q1
	Priority
	2

	Q2a
	Slot selection range constraint for level 1
	150 nmi

	Q2b
	Slot selection range constraint for level 2
	150 nmi

	Q2c
	Slot selection range constraint for level 3
	0 nmi

	Q2d
	Slot selection range constraint for level 4
	300 nmi

	Q3
	Replace queued data
	TRUE

	Q4
	Number of available slots
	3


Table 1-100. Response to RTX compressed frame burst parameters
	Symbol
	Parameter name
	Default

	V42
	Length of information transfer
	Sufficient to include requested INFO/UI frames

	V43
	Minimum information transfer delay
	T2 * M1 / 60 slots

	V44
	Maximum information transfer delay
	5 * M1 / 60 slots

	V45
	Minimum response delay
	T2 * M1 / 60 slots

	V46
	Maximum response delay
	5 * M1 / 60 slots

	Q1
	Priority
	highest priority in the RTS for which a reservation has been made

	Q2a
	Slot selection range constraint for level 1
	150 nmi

	Q2b
	Slot selection range constraint for level 2
	150 nmi

	Q2c
	Slot selection range constraint for level 3
	0 nmi

	Q2d
	Slot selection range constraint for level 4
	300 nmi

	Q3
	Replace queued data
	TRUE

	Q4
	Number of available slots
	3


A station receiving a general confirm of an RTX burst addressed to it with an information transfer request reservation field shall transmit the XID in a compressed frame burst format in the reserved slots.

A station not receiving a response to the RTX shall increment the retransmission count field and shall retransmit the RTX using the parameters in Table 1-101 and the procedures of Section 1.3.21.

Note 2.- The process of receiving an XID (i.e., receiving an RTX, etc.) is independent of the process of sending an XID (i.e., sending an RTX, etc.).

Table 1-101.  RTX retransmission parameters

	Symbol
	Parameter Name
	Default

	Q5min
	RTX 

retransmission

parameters
	Minimum
	0

	Q5max
	
	Maximum
	 5 s

	Q5mult
	
	Multiplier
	 1

	Q5exp
	
	Exponent
	 1.5

	Q5num
	
	number of attempts
	 4

	Q5wait
	
	maximum time to wait for a reply
	60 s for CTLR_CMD and 5 s for CTLR_RSP


Note 3.- Q5wait is 5 seconds for an CTLR_RSP since the CTLR_CMD will be retransmitted after T3 seconds (5 seconds plus the T1 timer) and so a second CTLR_RSP is going to be generated.  Retransmission of an RTX is handled only by LME.
1.5.7.4 

Acknowledging the data TC \l4 "
A station which transmitted an information transfer request reservation field (and consequently has a reservation for a response) shall transmit in the reserved slot a general  response burst with id set to compressed frame burst (with c/r bit set to response) with a response reservation type. If it received the XID, it shall send a general confirm; otherwise it shall send a general failure. 

Note.— The use of a general confirm as a technical acknowledgement works because only XIDs will be acknowledged with this method and only one XID may be outstanding. The T3 timer is still required to verify the receipt of a response to an CTLR_CMD.

A station that receives a General Confirm with id of compressed frame shall consider the XID to have been delivered.  A station that receives a General Failure with id of compressed frame and a retransmission count parameter that matches the most recently transmitted RTX shall retransmit the RTX using the parameters in Table 1-101 and the procedures of Section 1.3.21.
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