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SUMMARY



The VHF DIGITAL LINK, (VDL) Standard and recommended practices have been accepted by I.C.A.O. at the last A.M.C.P. meeting.  These SARPs contain a short section of requirements regarding the SNDCF which must be used with VDL in conjunction with the ATN Internetworking protocols.  One of these provisions is that the VDL routing initiation shall be performed with fast select, in order to carry required VDL user information, (M/I flag) in the Call Confirm packet.



This working paper intends to clarify these VDL requirements, providing description of how the M/I bit is used, guidance on VDL SNDCF implementation, as well as the type of topology used in VDL networks. 



The paper is presented to Working Group 2 to show that the VDL SNDCF remains compatible with WG2 latest requirement to allow the optional non-use of the ISO-8208 fast select facilities across X.75 gateways, simply because VDL regular mode of operation does not require X.75 Gateways (cf. Topology).



Sections 3 and 5 of this document can be used as guidance material for the VDL SNDCF.
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�\AUTONUMLGL�	BACKGROUND

At the WG2/8 ATNP meeting in Brussels, a proposal to change the use of the Fast Select facility in the mobile SNDCF so that this use become optional instead of mandatory was discussed. 

This poses a problem for the VDL SNDCF, as the VDL SNDCF SARPs requires the mandatory use of the fast select facility, to allow, in routing initiation, a responder to pass some user Data information (one bit, the M/I flag) in the Call Confirm.  Without fast select, the ISO-8208 specifies that no User Data can be passed in the Call Confirm.

The problem is that because the VDL SARPs have now been accepted, it is difficult for the AMCP group to investigate a solution which would allow the non-use of fast select in VDL routing initiation. 

This document provides in the following section an analysis of the requirement which leads to the WG2 Change proposal, which is derived from Satellite Subnetwork experimentation, as well as an analysis of the mode of operation of VDL, to investigate whether difficulties met with the use of Fast Select in Satellite subnetwork topologies exist in VDL topologies.

�\AUTONUMLGL�	Problem when using Fast Select with Satellite subnetwork routing initiation

The proposal to remove the mandatory use of fast select is derived from the European Civil Aviation’s ATN experimentation with satellite subnetworks, which require to interconnect satellite Ground Earth Stations to ATN routers using ground X.25 network, in a topology which cross country boundaries.

When this ground X.25 interconnection service is provided only by public networks, the international services makes uses of X.75 gateways.  European CAAs discovered limitations in these international public X.75 gateways, which in 1996 do not implement all ISO-8208 options, in particular the fast select facility.

These international X.75 gateways are X.25 PSDN interconnection gateways, and must be distinguished from the X.75 gateways used to interconnect a satellite Ground Earth Station with local X.25 ground services (GES X.75 gateways).  The GES X.75 gateways allow the use of fast select.

It should also be noted that the problem does not exist with networks developed for the airlines community, as international interconnection services are provided on privately operated leased lines without X.75 interconnections.



�

�\AUTONUMLGL�	VDL Topologies

�\AUTONUMLGL�	Interconnecting VDL station with X.25 ground WAN

Due to the limited range of VHF stations, (see figure 1 for an example of range of four VDL stations foreseen for the Pro-ATN project), a continental VHF service must be ensured via the deployment of a large number of radio Ground Stations.  As an example, currently to provide ACARS technology over VHF, SITA operates a network of 320 Radio Ground Stations.



As VDL is used in conjunction with ATN, the radio ground stations must be interconnected to ground WAN, which in the initial deployment of VDL are likely to be X.25 WAN.  As VDL is an ISO-8208 network, the standard solution to interconnect VDL with X.25 would be to define an X.75 gateway for each station.  However, each X.75 gateway demands the obtaining of a “DNIC” number from the appropriate International authority.



This is a difficult process, first because DNIC are mainly allocated for public network, secondly due to the large number of VDL stations, the use of DNIC, and therefore X.75 interconnections are not possible for the VDL.



Therefore the service provider operating a VDL network must find local solutions to interconnect VDL services to the ATN backbone, for instance:



Integrating BIS function on the VDL station



Connecting the VHF station as a plain DTE

�\AUTONUMLGL�)	Integrating an ATN BIS function on the VDL equipment.

In this solution the VDL station should also implement a full ATN Internetwork stack, with 8473 and ground X.25 SNDCF, and IDRP.

�\AUTONUMLGL�)	Using DTE/DTE interconnection

This solution is to operate the VDL station as a DTE interconnected in X.25 with a router which is also a DTE, the information regarding the aircraft identification being passed as “User Data” in the X.25 Calling request.  As in the ATN the User Data field is already widely used for other purposes, the solution retained for initial VDL validation programs, is to pass the aircraft identification in a private user facility. (In the recent version of X.25, Call request can contain facilities which are defined by the User).

In the section 5, this solution is described in details to provide guidance on how the recommendations of the VDL SARPs can be implemented.

��\AUTONUMLGL�	Example of VHF deployment and coverage

�



Figure 1 example of a VDL topology





��\AUTONUMLGL�	VHF and countries boundaries

In the above example, one could foresee that the VDL station operated in Belgium could be directly interconnected to an Air/Ground ATN router located in France via an X.25 connection service.

However as the Belgian VDL station will also be interconnected to a local ATN router (within country boundary), the router located in France can receive/forward traffic via the Belgian VHF station via the Belgian router, using a Ground/Ground X.25 router to router interconnections which do not require Fast select.

In the first foreseen mode of operation, routers located in all neighbouring and other countries need to be interconnected to the VHF station.  This means a great number of virtual circuits which need to be established when an aircraft enters the coverage of the VHF station.  The establishment of one virtual circuit is a process likely to take 1 minute, while the aircraft if not landing in Belgium would leave coverage after 20 minutes.  This is not a reasonable mode of operation.

In conclusion, the recommended mode of operation is that routers located in other countries be interconnected via the local Belgian router rather than the VHF station itself.  This means that the use of  international X.75 public gateways is not necessary for the VDL Air/Ground network.

�\AUTONUMLGL�	Comparison of VDL SARPS Subnetwork CONVERGENCE PROVISIONS and ATN SARPS 5.1

�\AUTONUMLGL�	VDL SARPs requirement :

The following requirements have been defined in the VDL SARPs (extracted from Draft VDL SARPs 4 April 1996).

�\AUTONUMLGL�	Facilities

SECTION 4 - SUBNETWORK LAYER PROTOCOLS AND SERVICES



Supported facilities: Table 4�2 lists options and facilities, documented in ISO 8208, that shall be supported by VDL.

Table 4-2.  Facilities supported by the VDL

���Facility�ISO 8208 Section��Packet retransmission�13.4��Non-standard default packet sizes�13.9��Non-standard default window sizes�13.10��Flow control param. negotiation�13.12��Fast select�13.16��Fast select acceptance�13.17��Called line address modified notification�13.26��Called address extension�14.2��

Unsupported facilities: Table 4�3 lists the facilities, documented in ISO 8208, that shall not be supported by the VDL.

�

�	Table 4�3.  Facilities Not Supported 

���Facility�ISO 8208 Section��Q-bit�   6.6��Non-receipt of window rotation information� 11.2��Window status transmission timer (Timer T24)� 11.2.2��On-line facility registration� 13.1 ��Extended packet seq. numbering� 13.2��D�bit modification� 13.3 ��Reject response timer (Timer T27)� 13.4.1��Incoming calls barred� 13.5��Outgoing calls barred� 13.6��One-way logical channel outgoing� 13.7��One-way logical channel incoming� 13.8��Default throughput classes assignment� 13.11��Throughput class negotiation� 13.13��Closed user group related facilities� 13.14��Bilateral closed user group related facilities� 13.15��Reverse charging� 13.18��Reverse charging acceptance� 13.19��Local charging prevention� 13.20��Network user identification� 13.21��Charging information� 13.22��RPOA selection� 13.23��Hunt group� 13.24��Call redirection� 13.25��Call redirection notification� 13.27��Transit delay selection and indication� 13.28��Calling address extension� 14.1��Minimum throughput class negotiation� 14.3��End-to-end transit delay negotiation� 14.4��Expedited data negotiation� 14.5��

�\AUTONUMLGL�	VDL SARPs SNDCF

VDL SARPs SECTION 5 - THE VDL MOBILE SUBNETWORK DEPENDENT CONVERGENCE FUNCTION (SNDCF)

	VDL Mobile SNDCF



Introduction. The VDL mobile SNDCF shall be the standard mobile SNDCF specified in the ATN Manual, except as described below.

New function. The VDL mobile SNDCF shall support maintaining context (e.g., compression tables) across subnetwork calls.  The SNDCF shall use the same context (e.g., compression tables) across all SVCs negotiated to a DTE, when negotiated with the same parameters.  The SNDCF shall support at least 2 SVCs sharing a context.

Note.- Because handoffs can be expected to reorder packets, certain compression algorithms do not lend themselves to use over the VDL.  Furthermore, implementors of dictionary-based compression algorithms must be sensitive to the problem of updates arriving on either the old or newly established call.

Call user data encoding. The Call User Data field shall be as detailed in the ATN Manual, except as modified below.

ISH PDU. The ISH PDU shall be included in both the CALL REQUEST and CALL CONFIRMATION packets.

Maintained/initialised status bit. The fifth bit of the compression technique octet (i.e., the sixth octet of the Call User Data field) shall be the maintained/initialised (M/I) status bit which is used to indicate whether the SNDCF context (e.g., the compression state) was maintained from an old SVC to a new SVC.

CALL REQUEST. If the calling SNDCF is requesting that the SNDCF context be maintained from an existing call to the new call being established, it shall set the M/I bit to 1; otherwise, the M/I bit shall be set to 0.

CALL CONFIRMATION. If the called SNDCF has successfully maintained the entire SNDCF context to the new call being established, it shall set the M/I bit to 1; otherwise, the M/I bit shall be set to 0.

�\AUTONUMLGL�	Discrepancies between VDL SARPs and ATN Draft SARPs 5.1

Two differences exist between the AMCP and ATN requirements regarding the VDL SNDCF:

1) 	ATN SARPs 5.1 do not require the use of Fast select for mobile subnetwork

2) 	AMCP SARPs make use of information, the Maintenance bit in the compression option parameter of the CALL Request and Call confirm packet.  This bit is only indicated as “reserved “ in the ATN mobile SNDCF specification.

�\AUTONUMLGL�	Guidance on the Implementation of a VDL SNDCF

This chapter is a description of the VDL SNDCF which has been developed for initial VDL validation.  This solution uses VDL station interconnected as DTE to a ground X.25 network.

Note : This description is provided mainly for information and does not preclude other solutions for implementing the VDL SARPs.
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�\AUTONUMLGL�	Terms and Acronyms

ATN	Aeronautical Telecommunications Network

AVPAC	Aviation VHF Packet Communications

CAA	Civil Aviation Authority

DCE	Data Circuit Terminating Equipment

DTE	Data Terminating Equipment

ES	End System

GSIF	Ground Station Information Frame

IATA	International Air Transport Association

ICAO	International Civil Aviation Organisation

IDRP	Interdomain Routing Protocol

IS	Intermediate System

ISH	Intermediate System Hello

ISO	International Standards Organisation

LME	Link Management Entity

LOC	Location Identifier

NET	Network Entity Title

NPDU	Network Protocol Data Unit

NSAP	Network Service Access Point

OSI	Open Systems Interconnect

PDU	Protocol Data Unit

PSDN	Packet Switched Data Network

QoS	Quality of Service

SARPs	Standard and Recommended Practices (from ICAO)

SEL	NSAP Selector

SN	Subnetwork

SNDCF	Subnetwork Dependent Convergence Function

VC	Virtual Circuit

VDL	VHF Data Link (equivalent here to AVPAC)

VHF	Very High Frequency

�\AUTONUMLGL�	General

The VDL Convergence functions provide a set of routing services to ISO 9542 and ISO 10747 routing protocols, which handle the Routing Initiation and Termination mechanism, which takes place in two phases:

1.	The Routing Initiation or Peer Discovery phase during which the ground ATN Router learns of the existence of a mobile ATN Router which can be joined through the VDL Subnetwork and the mobile ATN Router learns of ground ATN Routers which are able to forward air initiated traffic. 

	The Peer Discovery phase is always initiated by airborne mobile ATN Routers and uses the ISO 9542 protocol to exchange network layer reachability information and to update the corresponding routing tables.

2.	The Routing Termination phase during which the VDL Convergence Functions notify network layer entities (ISO 9542 and ISO 10747), about the loss of the VDL subnetwork connectivity with a mobile ATN Router.  

	That information is used by the above network layer routing entities to update their corresponding routing tables.

The VDL Convergence Functions also handle VDL subnetwork hand-offs so that network layer routing tables remain unchanged.  Hand-off is the term used to describe a process executed by the airborne ATN/VDL entities to identify and use a different RGS, other than the one currently being used, to relay VDL traffic.

The Header Compression (LREF) mechanism described in [1], section 5.7.3 Convergence Provisions for ISO 8208 Mobile Subnetworks is part of the VDL convergence functions.

�\AUTONUMLGL�	VDL Hand-offs

When the airborne ATN/VDL entities determine (by means which are outside the scope of this document) that a hand-off is required, the ATN/VDL entities may place new calls to all ground ATN Routers with which they are currently communicating via the VDL subnetwork.

The VDL Convergence Functions will accept the new call and clear the previous call only after a period of time determined by the value of the runtime-configurable G-TG5 timer.

If multiple virtual calls exist between the ground ATN Router and a given aircraft, through the VDL subnetwork, then the last established call is the active VC.

Through the active VC, ISO 8473 NPDUs can be either sent or received.  Through the remaining connections, with the same aircraft, ISO 8473 NPDUs are never sent but can be received.

Cause Hex80 and diagnostic Hex 84 is used by the SNDCF for the VC clearance, due to the TG5 timer expiry.  A CLEAR REQUEST packet with the above cause shall not be forwarded by the ground station via the RF, towards the aircraft.

�\AUTONUMLGL�	Routing Mechanisms over the VDL SN

�\AUTONUMLGL�	Introduction 

In order to establish and close ATN communications over the VDL subnetwork, both the airborne and the ground routers must be advised of modifications in the subnetwork connectivity.

The Routing Initiation is always initiated by the airborne ISO 9542 sub-layer.

The Routing Termination shall be invoked by the SNDCF sub-layer whenever the subnetwork connectivity is lost.

Through the VDL subnetwork only the airborne ATN Routers are allowed to initiate virtual calls. 

��\AUTONUMLGL�	The Routing Initiation mechanism

�\AUTONUMLGL�	Call Request

The peer discovery mechanism is initiated by airborne ATN Routers in a way which is outside the scope of this document.

During the peer discovery phase the airborne ATN Router issues a CALL REQUEST towards the ground ATN Router.  The INCOMING CALL received by the ground ATN Router has the following parameters:

1.	Calling Address: The SNPA address of the RGS through which the call is established. Because an RGS acts as DTEs with regard to the X.25 networks to which it is connected, the RGS SNPA received by the ground ATN Router usually does not contain a DNIC, but only a DNA and optionally a sub-address.

2.	Called Address: A local X.121 address of the ground ATN Router, managed by the VDL Convergence Functions.

3.	Facilities: the fast select without restriction on response. 

4.	Non X.25 Facilities: a non-X.25 facility is used to convey the aircraft SNPA, which contains the BCD encoding of the octal representation of the 24-bits ICAO binary address of the aircraft.

	If the aircraft SNPA length is “len”, the encoding of non-X.25 facility field is :

0x00�0xFF�0xFE�len+2�0xFF�SNPA��

5.	Call User Data: contains the "parameter block" as specified in [1], Section 5.7.3.5, which can be followed by an ISO 9542 ISH PDU, which conveys the NET of the airborne mobile ATN Router.

	The layout of the Call User Data should be as follows:

Octet�Value�Meaning��1�1100.0001�Mobile SNDCF��2�0000.0101�Parameter block length indicator: 5 octets��3�0000.0001�First version��4�SNCR low�Number of VC currently established between the aircraft��5�SNCR high�and the ground router, except this one (hand-offs)��6�0AV0.M0LC�A = 1 ACA compression requested, 

V = 1 V42bis compression requested 	

M=1 maintenance of SNDCF context requested

L=1 LREF requested, 

C=1 Cancellation Option requested��7�xxxx.xxxx�Low octet of Maximum number of directory entries��8�xxxx.xxxx�High octet. Bits 7 and 8 are present only if L=1.��

In the case SNCR is greater than 1, the connection is cleared with diagnostic INVALID SNCR (see ANNEX).

In the case L=0 and the length of the call user data is greater than 6 and if the 7th octet contains the value 1000.0010 then the Satellite SNDCF assumes that an ISO 9542 ISH PDU has been sent by the peer entity together with the CALL REQUEST.

In the case L=1, LOCAL reference compression requested, see [1], the SNDCF looks for the ISH starting at octet number 9.

�\AUTONUMLGL�	ISH in the INCOMING CALL

The VDL Convergence Functions perform the following actions upon receipt of an INCOMING CALL indication carrying an ISO 9542 ISH:

1.	Does not immediately confirm the call.

2.	Extracts the NET from the received ISH PDU and associates it with the new VC (whose set-up is still in progress).

3.	For local management purposes, extracts the RGS DNA from the Calling Address field of the INCOMING CALL and associates it with the new VC.

4.	Issues an SN-UNITDATA Indication primitive in order to relay the ISO 9542 ISH PDU up to the local 9542 entity

	Upon receipt of the ISH PDU the local ISO 9542 sub-layer shall update the routing tables and shall operate an ISO 9542 Configuration Notification Function (respond with an ISH PDU containing the NET of the local network entity

Then the VDL Convergence Function will confirm the corresponding VC (same source and destination addresses) whose set-up is in progress.  The layout of the Call User Data of the CALL ACCEPTED packet is:

Octet�Value�Meaning��1�0AV0.M0LC�A = 1 ACA compression accepted

V = 1 V42bis compression accepted 

M=1 maintenance of SNDCF context accepted

L=1 LREF accepted, 

C=1 Cancellation Option accepted��2�1000.0001�9542 ISH protocol identifier.  The ISH response begins here.��The establishment of this ISO 8208 connection completes the peer discovery phase.  This ISO 8208 connection becomes the active VC between the ground ATN Router and the aircraft and it is the only VC used by the ground ATN Router to forward ISO 8473 NPDUs towards the aircraft, through the VDL subnetwork (see section 5.2. VDL Hand-offs).

��\AUTONUMLGL�	The Routing Termination mechanism

When the RGS detects the loss of coverage for a given aircraft, it clears all the appropriate calls within the terrestrial network.  As a consequence, all VCs, active or not, between the ground ATN Router and a given aircraft get cleared. 

The loss of all VCs with a given aircraft is detected by the ground VDL SNDCF, which then activates the Routing Termination phase.

The Routing Termination phase consists in issuing a Leave Event towards the network layer routing entities. 

If between the ground and airborne ATN Routers there is only one VC and if the set-up of this single VC is in progress, then in the case that VC gets cleared a Leave Event is issued in order to update the routing tables (in the case an ISH, sent by the airborne BIS, has already been relayed up to the network layer entities).

�\AUTONUMLGL�	LREF Compression

�\AUTONUMLGL�	Connection Context

The LREF mechanism is implemented as specified in [1], though the connection context is associated to a pair aircraft Id/Ground DTE rather than a pair DTE/DTE, as in this implementation case the remote DTE is the DTE of the Radio Ground station.  



�\AUTONUMLGL�	LREF and Handoffs procedure

With regard to the specification provided by [1], it may happen that during a Handoff procedure, a packet requesting the creation of a directory entry is sent on the old virtual circuit, and subsequent packets for the same source/destination NSAPs be sent on the new virtual circuits in compressed mode.  As VDL does not ensure that the packet sent on the old virtual circuit will be received by the adjacent router before the compressed one, compressed packets arriving first will be discarded and an error report be generated to the sending SNDCF.

In this case the transport protocol should ensure retransmission of the packet.

�\AUTONUMLGL�	LREF and Call clearing 

In the case where the VC has been cleared for other reasons than GT5-Timer expiration and in the case the LREF compression was used for the cleared VC the internal resources used to handle the Local Reference Directory are freed.

In the case where the VC has been cleared due to GT5-Timer expiration and the maintenance bit was not set or refused for the newly established associated CV, the Local Reference directory is freed.

Otherwise the Local reference Directory is maintained.

�\AUTONUMLGL�	LREF and Call Reset 

Otherwise a DTE generated RESET also results in the total clearing of the LREF directory as specified in [1], Establishing a New Local Reference.

�\AUTONUMLGL�	Conclusion - How to Harmonize ATN Internet SARPs and VDL SARPs provisions for subnetwork convergence function

Section 3 lists the requirements defined by the VDL SARPs applicable to the ATN SNDCF - the following discrepancies exist between these requirements and in version 5.1 of the ATN SARPS :

1) The use of Fast select should be mandatory for the VDL SNDCF�

2) 	When Fast select is used, the fifth bit of the compression options parameter in the Call request/Call confirmed should be reserved for VDL Usage.�

3)	The procedure to maintain a local reference directory should be specified in the ATN SARPs

4)	ATN now recommends the mandatory use of the LREF SNDCF compression mechanism.  During the ATNP/Brussels WG2 meeting, the WG2 group has identified a possible loss of packet when using LREF compression function during VDL handoffs procedure.

5)	The TG5 VDL timer clearing code should be listed in the ATN table of diagnostics code.

1)	Mandatory use of Fast select:

	As explained in section 2, the difficulties to use fast select exist mainly for satellite subnetworks experimentation, when using X.25 international gateways.  Otherwise the facility is provided by most European public networks as well as private networks developed for the airlines community.

	In the case of VDL, X.75 gateways can not be used to interconnect Radio Ground Station to adjacent Air/Ground routers (see section 3 on VDL Topology).  Therefore the problem identified with the Satellite subnetwork does not apply to VDL and there is no good reason to prevent the mandatory use of fast select for VDL routing initiation.

2)	Use of the VDL Maintenance bit

	As the fifth bit of the compression options parameter is currently not used by the ATN generic mobile SNDCF, the AMCP requested change can be accepted. 

3)	Maintaining local references Directory (connection context)

	This procedure can be an efficient use of the LREF compression mechanism for all subnetworks for which multiple virtual circuits can exist between an aircraft and an Air/Ground router.  This is the case of VDL during handoffs procedure, but is also the case of satellite when using priority.  Therefore it is recommended to specify this procedure in the ATN SARPs relating to SNDCF.

�4)	Local Reference Compression and VDL

	The Local reference problem (see full description in an E-mail “Possible Race condition in VDL SNDCF”, from Tony Whyman, 22/05/1996) can only occur during the handoff procedure, i.e. a time to establish a new virtual circuit, around 1 minute every 20 minutes.  In order to calculate the probability of the event, we need to know how often the aircraft will start a transaction with a new destination, and what is the probability that packets on the new virtual circuit arrive faster than previous packets sent on the old circuit.  It appears that the probability of the problem occurring is very low.  When it occurs, the problem will be self corrected after one more data exchange and packet loss will be recovered by transport.

	Therefore the mandatory use of the Local reference compression algorithm and the definition of the procedure to maintain a local reference directory during handoffs should not be seen as a problem for the VDL SNDCF.

5)	Use of TG5 timer

	In order to prevent a conflict of diagnostics code, it is recommended to add a diagnostic - Call cleared due to TG5 time out - in the list of ATN clearing diagnostic code.  The handoff procedure is specific to VDL and may be only specified in the ATN SARPs.
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