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Report of the activities of the VDL Mode 4 Subgroup

During the 5th WGM Meeting, a subgroup met to discuss issues in relation specifically to the VDL Mode 4.

The group was attended by participants from ARINC, China, EUROCONTROL, Japan, Russia, Sweden, UK, and US. The Panel Secretary and the rapporteur of WGM were also present in some of the discussions to provide guidance and clarifications.

This papers presents a brief record of the discussions in the subgroup.

The group addressed the following issues:

· DLS Amendment Proposal to the Technical and Implementation manuals (WPs 5, 13, 14, 15, 16, and 29)

· Other Amendment Proposals to the Technical Manual (WPs 25, 26)

· Interference Immunity from FM Broadcast (WP4)

· Analysis of compliance with generic datalink requirements (WP28)

DLS Amendment Proposal

Following a brief presentation of the Amendment Proposal, which had already been given earlier to the plenary meeting of WGM, a detailed presentation (WP 29) of the Amendment Proposal to introduce the new DLS protocol was given to the VDL Mode 4 subgroup.

The presentation of the proposal described:

· the rational for introducing the new DLS protocol (correct errors, resolve inconsistencies and ambiguities and enhance the performance),

· the process of developing the proposal,

· the validation activities (multiple rounds of inspection and analysis together with simulation) and

· the features of the new DLS protocol and the basics of its operation.

The participation and the concurrence of the manufacturers were noted by the subgroup. ADSI and SAAB have participated decisively in the development of the new protocol and they have indicated (WPs 27 and 30) their explicit support for the adoption of the new protocol.

Post subgroup meeting note: After the end of the VDL Mode 4 subgroup meeting an additional paper (which was given the number WP32) from another VDL Mode 4 radio manufacturer (CNS Systems) supporting the DLS amendment proposal was also submitted to the WGM meeting.

Following discussion and clarifications, the subgroup agreed to recommend to WGM the adoption of the new DLS protocol in replacement of the current protocol. An updated revision marked version of the text for the relevant ICAO documents (Technical and Implementation Manual) will be prepared by EUROCONTROL.

ACTION: ECTL to provide to the secretary the updated DLS Amendment Proposal.

Other Amendment Proposals

Working papers 25, and 26 were presented. These papers deal with correction of omissions and errors in the VDL Mode 4 Technical Manual of editorial nature. The subgroup approved the changes, which are shown in Attachment A to this paper.

An amendment proposal in relation to the more efficient grouping of the relevant bits of the 2 slot TCP encoding (Table 3-8a of the Technical Manual) was also presented to the group. This proposal was accepted and is included in Attachment A.

In the same subject, the ongoing discussion in the context of the ADS-B MASPs update in relation to the further elaboration of the TCP content was noted. This will need to be reflected in the VM4 specifications when the discussions mature. In Attachment B of this paper a description of the issue is provided for further consideration in future meetings.

Two more items for further consideration in future meetings are also included in Attachment B. These relate to the reserved access and second frame protocols.

FM broadcast Interference Immunity 

The proposal (WP4) to modify the VDL Mode SARPs to provide appropriate protection of the VDL Mode 4 receiver especially from FM broadcast systems was presented and discussed in the group.

The subgroup agreed on the need of such information to be included in an appropriate section of the VDL Mode 4 documents. A number of comments were raised and Secretary proposed to consolidate as appropriate the relevant input in this subject. Taking into account all the necessary input, the Secretary will update the proposal for presentation and discussion in AMCP/8 with the view to modify accordingly the VDL Mode 4 SARPs.

The following four particular items were identified as needing action in relation to FM broadcast interference:

· to include a reference to ITU type A FM broadcast interference

· address the operation of VDL Mode 4 below 108.1 MHz, since the 3rd order immunity requirements are referenced to 108.1 MHz

· confirm the VDL Mode 4 receiver meets the proposed FM immunity and saturation requirements

· check that the proposed changes to section 6.9.1 are valid.

Furthermore, the VDL mode 4 receiver requirements for the band 118-137 MHz may also need to be addressed in the view of interference testing results performed by EUROCONTROL in July-August 2002. The latter issue will be discussed in the WGB meeting following this WGM meeting.

ACTION: Secretary to prepare updated material for AMCP/8.

Compliance of VDL Mode 4 with datalink requirements

WP28 was presented and discussed extensively in the VDL Mode 4 subgroup. The paper provides a draft analysis for discussion, on whether VDL Mode 4 meets the requirements of a generic ATS/AOC point to point datalink.

There was extensive discussion in the subgroup on this issue. It was agreed that EUROCONTROL will prepare for the next meeting an updated version of this paper, which will take into account the comments of the subgroup. It was agreed that the similar work (AMCP7, WP81/Appendix D to the Report on Agenda Item 1) on the compliance of VDL Mode 3 with datalink requirements will be the basis for the compliance analysis of VDL Mode 4.

In relation to this item, the paper on the comparative analysis of the performance and the other features of the VHF Datalinks (Appendix K to the meting report of the 3rd WGM meeting) was also discussed. An update version of this paper should also be submitted to the WGM6 meeting for discussion. In relation to the performance evaluation, it was noted that this paper is expected to consolidate and present information from existing analysis and work and not to perform new simulations.

ACTION: ECTL to provide to an updated version of the analysis of the compliance of VDL Mode 4 with generic datalink requirements.

These above two papers (analysis of the compliance of VDL Mode 4 with datalink requirements and performance and other characteristics of VHF datalinks), when finalised after the WGM/6 meeting will be the input of WGM to the discussions in AMCP/8 on the subject of extending the applicability of the VDL mode 4 SARPs to become a generic ATS/AOC datalink.
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Agreed changes to the VDL Mode Technical Manual

(in addition to the DLS Amendment Proposal) 

Note: The instructions to the editor are typed in bold italic fond.

Insert new row at alphabetic order in Table 1-2

<revision marked text-start>

Table 1-2. Symbols and variables for link layer protocols and services
	Parameter
	Name
	Section or table defined in

	vc
	Vertex count 
	Table 3-31


<revision marked text-end>

Insert new row at the beginning of Table 3-31

<revision marked text-start>

Table 3-31. Regional multicast block field encoding
	Subfield
	Encoding
	Notes

	Vertex count (vc)
	0: vertex 1

1-15: vertex 2 to vertex 16
	vertex k corresponds to radial k and distance k


<revision marked text-end>

Insert new text after section 1.3.2.5

<revision marked text-start>

1.3.2.6
Autonomous/directed flag

The autonomous/directed (a/d) flag shall be encoded as defined in Table 1-66 if the message ID (see Table 1-6) indicates that the burst is synchronisation burst.  Otherwise it shall be reserved for future definition and set equal to 1. 

<revision marked text-end>

Reinstate old text in new first row of Table 1-66 (keeping current rows)

<revision marked text-start>

Table 1-66. Synchronization burst field encoding(fixed data field)
	Subfield
	Range
	Encoding
	Notes

	Autonomous/directed (a/d)
	Boolean
	0 = autonomous slot selection (including directed rate),

1 = directed slot selection or ground station transmission
	Identifies whether the synchronization burst is an autonomous or directed burst


<revision marked text-end>

Introduce the following changes in Table 3-8a for the octets 44, 45 and 46

<revision marked text-start>

Table 3-8a. Information field 8 hex — Two slot TCP
	Description
	Octet
	Bit number

	
	
	8
	7
	6
	5
	4
	3
	2
	1

	rate uncertainty (nucr), 6-bit longitude offset (lon6), baro rate/geo rate (br/gr)
	44
	altr9
	br/gr
	lon66
	lon65
	lon64
	lon63
	lon62
	lon61

	altitude rate (altr)
	45
	altr8
	altr7
	altr6
	altr5
	altr4
	altr3
	altr2
	altr1

	aircraft category (ac)
	46
	nucr3
	nucr2
	nucr1
	ac5
	ac4
	ac3
	ac2
	ac1

	
	
	
	
	
	
	
	
	
	


<revision marked text-end>

Introduce the following changes in Table 3-11in relation to the row for the call sign subfield
<revision marked text-start>

Table 3-11. Information field encoding (variable data field)
	Subfield
	Range
	Encoding
	Notes

	call sign left (csl), call sign right (csr)
	
	Encoding for call sign:

1)
Call sign shall be left justified

2)
Only valid characters are A-Z, 0 – 9 and null: Assign A- Z = 0 – 25, 0 – 9 = 26 – 35, null = 36

3)
Call sign shall be an eight character string “c1, c2, c3, c4, c5, c6, c7, c8”

4)
csl = c1 373 + c2 372 +  c3 37 + c4
5)
csr = c5 373 + c6 372 +  c7 37 + c8
	


<revision marked text-end>

Introduce the following changes in Table 3-17 in the last two rows

<revision marked text-start>

Table 3-17. Time to go subfield encoding
	Actual time to go (minutes)
	Transmitted decimal value of  ttg
	Decoded magnitude of time to go (minutes)

	15.125 (  time to go < 15.375
	62
	15.25

	15.375 ( time to go
	63
	more than or equal to 15.375


<revision marked text-end>
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Pending issues which should be discussed in future meetings of WGM

Comments from industry are invited

1. Two slot TCP message: Review of content (SF)

The TCP concept is still in flux. The operations people are still discussing what should be in a TCP Message.  The most recent ADS-B MASPS (DO-242A) calls out:

(time to go has a dynamic range of -120 seconds to +1200 seconds with a resolution of 4 seconds, with at least one indication of greater than 20 minutes)

For a horizontal TCP:

- horizontal Data available and TC type:  4 bits

- TC lat (700 meters or better)

- TC lng (700 meters or better)

- turn radius (700 meters or better)

- track to TCP (1 degree)

- track from TCP (1 degree)

- reserved for horizontal conformance (1 bit)*

- horizontal command/planned flag (1 bit)

For a vertical TCP:

- vertical data available and TC type: 4 bits

- TC altitude (100 ft resolution)

- TC altitude type (1 bit)

- reserved for altitude constraint type (2 bits)

- reserved for able/unable altitude constraint (1 bit)*

- reserved for vertical conformance (1 bit)*

- vertical command/planned flag (1 bit)

Those fields marked with a '*' may not need to be sent in a 4 TCP update (I am not sure from my quick review).

Since our TCPs instead support a mixed horizontal/vertical mode, it might be better to review the entire variable field to harmonize it with the MASPS.  Further, notice that no curved TCP's (that is, a mixed horizontal/vertical TCP) was defined.  Also, it appears that they've specified a single TCP message with some bits for defining which TCP under discussion rather than a 4-TCP message.

2. Optimisation of reserved access protocol (MS/SF)

Rationale

The reserved access protocol is specified in Section 1.3.6 of the VDL Mode 4 Technical Manual.  Specifically, the selection of available slots is made according to the rules set out in 1.3.6.2.2.  The process may be summarised as:

· station finds all unreserved slots;

· if Q4 slots have not been found, the station looks for slots which contain other reservations and which, by applying a set of rules, could be used for transmission;

· when Q4 slots have been found, the search is stopped and the station selects one of the Q4 available slots for its reservation.

The search is carried out within a range of slots known as the candidate range.  There are two reasons why the actual selection should appear to be a random choice from within the candidate range.

· the first stage of the search (unreserved slots) must include all unreserved slots in the candidate range.  The Q4 parameter is only used to determine whether the station should move on to the second stage.  Hence the selection of slots from the available slots (described in 1.3.6.2.4), which is a random process, will produce a random choice from the entire candidate range. 

· in the second stage of the search, the order of search is determined by the range of the stations which have placed the reservation.  Although some systemisation is possible, the distribution of stations in reverse range order is likely to be random to first order.

Hence on selecting between the identified available slots, the station effectively chooses randomly within the candidate range.

Such an approach is appropriate to protocols that place reservations into the next superframe.  For example, the periodic broadcast protocol defines a nominal position for the reservation.  The actual reservation is then randomly placed either side of this nominal position.  It would be undesirable for the choice to be weighted to either side of the candidate range.

However, for reservation protocols which are placing reservations later in the same superframe (ie incremental, information transfer, and unicast), the effect of choosing a slot at random within the candidate range is to introduce a delay which, even in low load conditions, is, on average, equal to half the length of the candidate range.  For example, the DLS long transmission protocol requires selection of slots for the CTS, INFO and ACK.  Each of these has a specified candidate range which occupies 5 seconds.  Hence the long transmission protocol, even in low load conditions, will complete in an average of 7.5 seconds.  This is deemed to be unacceptable.

One possible solution is to restrict the candidate range.  However, this forces slot stealing when, with just a small delay, an unreserved slot could be used.

The problem was addressed by the Validation Sub Group.  The decision then was that the actual “tuning” of the quality of service parameters was an application issue.  To provide flexibility, the  VSG introduced a requirement (in 1.3.6.2 paragraph 2) to allow applications to submit multiple sets of QoS parameters.  If the first fail, try the next slightly relaxed parameters etc

The problem is that this introduces an unnecessary processing load on implementers because of the multiple re-assessment of selection criteria.  Furthermore, the definition of suitable parameters for the DLS using the multiple QoS approach is, at best, messy.

It is therefore proposed that a small modification be made to the reserved access protocol to optimise the time performance for reservation protocols which place reservations in the same superframe.  The essence of the change is as follows:

· selection of unreserved slots (1.3.6.2.2.1a) will proceed from the left of the candidate range towards the right until Q4 slots are obtained.

· if Q4 slots are not obtained, then the process moves to the second stage (1.3.6.2.2.1b)

· within the second stage, the process again moves from left to right and NOT according to maximum range criteria.

The impact of using this revised protocol is:

· to remove the randomness of the selection from within the candidate range in favour of a weighting towards the left.  As set out above, this is desirable.

· to remove the furthest first principle of the previous protocol.  I dont think this is particularly desirable or detrimental – the damage done by this is controlled by the QoS.

· the protocol still looks at the unreserved picture first.  Hence taking the example of the DLS protocol, delays of up to 5 seconds will be considered before moving to lower slots.  However, this is just the same issue as we had before and,  if detailed simulations show that we should reduce the size of the candidate range in the first instance, we can still submit multiple QoS parameters as per the current protocol.

Hence, the change appears to provide net benefit by establishing a more sensible basic protocol for eg point to point communication which reduces considerably the transfer time in low load conditions. 

Possible Change proposal

Editors note: I seek confirmation of the approach before doing a detailed change proposal.  However what I have in mind is something like:

ADD Section 1.3.6.2.2.5

1.3.6.2.2.5
Selection of slots for unicast and information transfer reservation protocols

Stations seeking to select slots for reservation using the unicasted or information transfer reservation protocols shall apply the procedures of section 1.3.6.2.2.1 with the following modifications:

a) the selection process at level 0 (unreserved slots) shall proceed from left to right within the candidate range until Q4 slots have been selected

b) If Q4 slots have not been selected at the end of the level 0 search, then the station shall apply the conditions of level 1, then level 2, then level 3, then level 4 as described in 1.3.6.2.2.1b except that the selection process order shall be from left to right rather then furthest to closest.

If at any stage, Q4 available slots have been found, the selection process shall be deemed complete.

Editors note:  Should we also apply this to the incremental.  In many ways it is less critical because on the main uses of the incremental is to connect periodics or add in additional periodic reporting.  Hence the distribution in the candidate range is probably better to be closer to the periodic distribution.

Comments from SF: 14/08/02

1) On the aside of the incremental:  one of the other situations that this will be used is the proposed ADS-B rate adaptation that was proposed at WG-M/4 to allow us to reduce the nominal update rate while doubling the rate if another target is nearby.  The rate-doubled transmissions will be linked with incrementals.  I'm not sure how that effects things, but I didn't want this situation to be forgotten.

2) The level 2 (range limited) is actually a set of 4 sieves (Q2a-d).  The final proposed text should thus speak of selecting from the next sieve level appropriately.

3) I believe that the selection at level 1 (unreserved) and level 2 (range limited) should be linked by parameters such that a selection from a more constrained sieve level is preferred over a selection from a less constrained sieve level based on the time spread between them.  (That is, prefer an unreserved slot over a slot free only at Q2b parameters if the unreserved is no more than, say, 30 slots later than the Q2b-free slot.)  If we aren't careful, for an N-sieve algorithm we will end up with N(N-1)/2 new parameters, so we'll want to reuse the same parameters a bit, but you get the idea.  Otherwise, we're still selecting fairly late time slots rather than reusing the earlier possible transmit opportunities.
3. Second frame reservation method (SF)

Currently, the second frame parameters (TV61 and V66) are sent V67 times per minute in a reservation block.  This is unfortunate because the second frame reservation block cannot protect itself and so this frame must either be sent up more frequently than otherwise required, or protected either by a superframe block, or presumptively protected by a prior second frame block.

It would be better if these parameters were transmitted as CTRL parameters in a GSIF or other transmission that can include a periodic reservation (so it can protect itself).  (Of course, the other mechanisms are still available.)  This will not increase the effective channel utilization because the second frame reservation block (the current mechanism) can not readily be combined with any existing transmissions (and thus must include the NOP data block for a total frame size of:

 2   flags

 4   header

 1   NOP data block

 2   second frame reservation

 2   CRC

--

11   bytes

Instead, this can be sent as 4 bytes (parameter, length,  and parameter block) which can be made to be parsed easier by having each of the two parameters as its own byte.

The advantages (listed in decreasing order of what I think is important):

· can be protected by its own periodic reservation (rather than rely on other means)

· trades a res type (of which there are 32) for a CTRL parameter (of which there are 256 in each of an arbitrary number of groups)

· 7 bytes shorter

· can be encoded/decoded easier
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