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	SUMMARY

This working paper presents an overview of ARINC’s HF Data link (HFDL) Service from a FANS perspective.




1.
INTRODUCTION
1.1 ARINC deployed and made operational its HFDL Service in January 1998.  While the vast majority of HFDL messages are related to Airline Operational Control (AOC), HFDL is utilized for FANS communication as a tertiary means.

1.2 Recently ARINC has received reports of HFDL usage in the South Pacific for FANS communication and received questions as to the rationale for utilizing HFDL when it appeared that other media were available for message uplink.

1.3 The purpose of this working paper is to describe ARINC’s routing of FANS uplinks, scenarios which lead to HFDL being used for FANS uplinks even when other medias appear to be available, discuss HFDL performance, and describe upcoming improvements to the HFDL Service.

2.
DISCUSSION


HFDL Uplink Routing Policy

2.1
ARINC’s uplink routing policy for Airline Operational Control communications is configurable by customers and is defaulted in ARINC’s Back End Processors (BEP’s) in order of priority to VHF/HFDL/SATCOM.

2.2
ARINC’s uplink routing policy for FANS communications is hard coded in ARINC’s BEP’s in order of priority VHF/SATCOM/HFDL.

2.3
In a multi Communication Service Provider (CSP) scenario ARINC relies on the Media Advisory (MED) messages from other service providers to indicate the “reachability” of aircraft connected to that service provider’s medias.  ARINC combines this MED information with information regarding the last successful uplink to determine which CSP to utilize for an uplink.

2.4
Overall ARINC’s uplink media priority logic has resulted in ARINC meeting all of its required latency and delivery requirements for its FANS Service.  Additionally, ARINC’s analysis of FANS traffic in the South Pacific indicates that HFDL messages account for less than 1% of its total FANS messages in the region.


HFDL Uplink Routing Scenarios

2.5
This FANS routing policy is dynamically updated to account for conflicting or anomalous behavior with respect to the validity of MED’s.  For example, ARINC has analyzed numerous flights in the South Pacific during the November and December 2005 time frame and found several scenarios that can affect ARINC’s overall FANS routing policy and HFDL latency.  On numerous occasions, even though another service provider was indicating via its MED’s that an aircraft could be reached through their SATCOM service, that service provider forwarded the uplink to ARINC for delivery.  In some of these cases the message was over 10 minutes old before being input to ARINC for delivery.  In these instances ARINC’s only connection with the aircraft was through HFDL so that media was used for delivery.  In other cases, ARINC forwarded an uplink to another service provider for delivery since the MED’s from that service provider indicated “reachability” to that aircraft through their SATCOM Service.  In some of these cases the other service provider returned a NO ACK (could not deliver the message) after 14 minutes, at which point ARINC then delivered the message through its HFDL Service.  The above scenarios will affect ARINC’s dynamic uplink routing logic and for the scenarios described will cause HFDL to be weighted more heavily for FANS uplinks during failure conditions.  It should also be noted that the latency incurred during the media search in the above cases should be taken into consideration when calculating an overall HFDL latency value.  

2.6
During the course of investigating the above scenarios ARINC has discovered that in some aircraft initialization sequences HFDL could be given priority for uplinks even though VHF and SATCOM appeared to be available according to received MED’s.  ARINC is preparing a change to its routing policy to alleviate this condition.

HFDL Performance


2.7

The following graphs depict ARINC’s HFDL system wide traffic totals and uplink delivery latency for the month of December 2005.  During the past several years ARINC has been working with the AEEC, avionics manufacturers, and its customers to improve the performance of its HFDL Service.  The improvements made to date include improved airborne HF Data Radio (HFDR) software, improved HF Ground Station (HFGS) software, and improved pilot awareness for HFDL and HF voice operation. It should be noted that the following latency statistics were derived from a mixed fleet with respect to implementation of the above improvements.  ARINC recommends that HFDL users operate with a HFDR software version of -118 or above and that when the software is available users upgrade their CMU/ATSU as described in paragraph 2.9.  The first graph illustrates the continuing growth of HFDL users and traffic and the second graph depicts ARINC’s overall delivery times.  From the data it should be noted that ~82% of messages are delivered within 2 minutes and ~99% are delivered within 6 minutes.  
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Ongoing HFDL Software Improvements

2.8
HFDL One-Way (HOW) Communications
During the NAT trials, analysis of the link layer data revealed that there was numerous times when the aircraft can hear and properly decode squitters, however, the ground station is not able to properly decode responses from the aircraft to periodic polls from the ground station.  This can occur due to unequal transmit power settings on the each side of the link.

ARINC’s HFDL ground station software is being enhanced to take advantage of the logoff criteria present in ARINC 635 protocol.  When the responses to periodic ground station polls have not been detected or properly decoded, the ground station will broadcast a logoff command to the aircraft avionics.  The aircraft avionics, having scanned frequencies in the background IAW ARINC 635, will select another ground station to logon.  This enhancement will further improve the link performance because polling only occurs when the data link is idle.

The Ground Station will be further enhanced for greater remote operations.  These enhancements will significantly reduce downtime when hardware failures occur and allow for more rapid adjustments of Station power output, Antenna VSWR tuning and frequency additions when local authorities grant new licenses.  Extensive diagnostics will also be added to augment an already detailed database for troubleshooting ground station operations and support of our customers.

2.9
Avionics Improvements
The AEEC approved a change to the ARINC 618 specification to increase the number of retries the CMU will send a message to the HFDL radio for transmission to address the CMU Sleep Mode problem.  The CMU Sleep Mode is a phenomenon which inadvertently causes a ten minute period of HFDL NOCOMM due to an interface issue between the CMU and the HF radio and negatively impacts the overall HFDL system latency.  This software enhancement has been released for use and ARINC encourages its HFDL customers to implement this software as soon as possible.

Additionally, some airborne HF Radios have been improved to strengthen the frequency selection and ground station selection algorithms.  New diagnostic fields have also been implemented to determine software version, left or right radio selection and frequency changes codes due to deteriorating channel quality.

3.
RECOMMENDATION

3.1 This working paper recommends that:

(i) The ISPACG FIT members note ARINC’s media selection priority for FANS messages which makes every attempt to uplink these messages in accordance with the industry standard.

(ii) That ISPACG FIT members note that uplink latency measurements for HFDL can be skewed by failed attempts on other medias.

(iii) That ISPACG FIT members note that ARINC is updating its HFDL ground stations to further improve performance and avionics manufacturers are updating their avionics to improve HFDL performance. 

(iv) The ISPACG FIT considers the certification of HFDL as a tertiary means of FANS communications.
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