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SUMMARY

This paper presents the status on the Airbus “Leap second issue” and its overall impact on the CPDLC & ADS-B/ADS-C functions.
1. INTRODUCTION
1.1 On December 31st 2016, at 23:59:59, the addition of a “Leap second” to the international UTC time was made effective. The aim of this adjustment is to re- synchronize the UTC time with the solar time, following the slow reduction in the Earth’s rotation over the years. 
1.2 “Leap seconds” are usually added on December 31st or June 30th, with an announcement made by the International Earth Rotation and Reference Systems Service 6 months before. The decision to introduce a “leap second” is made by this committee but its frequency cannot be anticipated. As an illustration, the most recent occurrences are: December 2005, December 2008, June 2012, June 2015, and December 2016.
1.3 When this “leap second” is introduced, it can trigger an avionics anomaly affecting part of the Airbus fleet, resulting in particular in a loss of GPS data. Airbus provided a Flight Operations Transmission (FOT 999.0118/16) in early December 2016 to warn Airlines and ATC centers of this potential loss of GPS capability on January 1st 2017. Questions were subsequently raised by the ATC centers both before and after January 1st. 
2. DISCUSSION
2.1 Short description of the avionics anomaly: 
· It is the ground segment which is in charge of updating the almanac for each satellite of the GPS constellation. This can be done at a different time for each satellite. The synchronization of the complete constellation can take up to 24 hours after the addition of the “leap second”.

· In normal functioning, the A/C Multi-Mode Receiver (MMR) will acquire up to 10 satellites and will compare the UTC time communicated by 3 of these satellites to ensure a consistent time reference.

· Due to the asynchronous update of the UTC reference for each satellite of the constellation, it may occur that the UTC communicated by the three satellites used by the MMR for time reference check do not match.

· The occurrence of this condition is unpredictable since it will depend on:

· The moment at which each satellite of the constellation is updated during the 24 hours following the “leap second” addition,

· The satellites which are “in-sight” of the A/C at a given time,

· And of these satellites, those 3 which are used by the MMR for its time reference check.

It is thus possible that during a given flight, due to the A/C position evolution, the conditions for the issue to occur are alternatively met or not.

· The “loss of GPS data” announced in the Airbus FOT can only occur on Airbus A/C equipped with Thales MMR and Honeywell Air Data & Inertial Reference System (ADIRS).

	Number of affected Airbus A/C

	Single Aisle (A320 family)
	1327 max


	Long Range (A330/A340)
	203 max1

	A380
	0

	A350
	0


· Due to the nature of the algorithms involved, the loss of GPS data:

· Can only occur starting from T0+6 hours after the “leap second” introduction 

· And can last up to the update of the last satellite of the constellation, thus T0+24h

· During this time, when the above conditions of acquired satellites are met, then the ADIRS will reject the GPS data coming from the MMR, leading at A/C level to a loss of GPS position.

2.2 Work-around: 

· As stated in the Airbus FOT, only a complete re-alignment of the ADIRS (on-ground) can allow to recover GPS data at A/C level.

· Airbus is currently working on a crew procedure to help them in this in-flight situation
2.3 Overall impact of the GPS loss from the pilots’ perspective:

· The crew is made aware of the GPS loss by different cockpit alerts. 

· The A/C position will no longer use the GPS solution. In remote/oceanic area, it will therefore be based on pure IRS information.

· Therefore the A/C position will start to drift (with an increase of the Figure of Merit), usual estimates for this kind of drift being in the order of 2NM/hour.

· Note: where radio navigation aids are available, the A/C position will be corrected with the available data.

· The A/C clock will remain available and be tagged as GPS-synchronized. However, an offset of 2 seconds with the actual UTC time will be observed.
2.4 Impact of the GPS loss on the CPDLC capability: 
· The timestamps emitted by the A/C for downlinks will be off by 2 seconds.
2.5 Impact of the GPS loss on the ADS-C capability: 

· The timestamps emitted by the A/C for reports will be off by 2 seconds.

· The Figure of Merit included in the basic group will degrade slowly with the drift in the A/C position, as per ED-100A.

2.6 Impact of the GPS loss on the ADS-B capability:
· For A/C in ADS-B OUT DO-260 configuration, upon loss of the GPS, the ADS-B OUT function will be lost.

	Number of affected Airbus A/C

(Thales MMR + Honeywell ADIRS + ADS-B DO-260)

	Single Aisle (A320 family)
	534 max1

	Long Range (A330/A340)
	145 max1

	A380
	0

	A350
	0


· This loss can immediately be noticed by the ATC centres provided the ADS-B data is used and displayed to the controller.

· A/C equipped with DO-260B ADS-B OUT configuration are NOT affected. 
3. CONCLUSION
3.1 Airbus position: As explained above, it is Airbus opinion that the consequences of the Leap Second change in terms of navigation and oceanic FANS operations are limited.  
4. ACTION BY THE MEETING
4.1 The meeting is invited:

a) To note the information and, 

b) To comment the position expressed in the conclusion.
� Thales MMR is no longer available in forward fit (production stop).






