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SUMMARY

This paper  presents the Airbus position as an aircraft manufacturer on VDL Mode 4 . It recalls existing and future VHF system objectives and issues, and presents the Airbus position on VDL Mode 4.
.

1 Introduction

This paper  presents the Airbus position as an aircraft manufacturer on VDL Mode 4 . It recalls existing and future VHF system objectives and issues, and presents the Airbus position on VDL Mode 4.
2 VHF COMMUNICATIONS RADIO FUNCTIONS

2.1 Existing functions

There are currently 3 radios installed per aircraft (sometimes 2), designated VHF 1, VHF 2 and VHF 3. They operate in a 19 MHz wide band : the aeronautical COM VHF band [118-136.975 MHz]

They are used for:

· Safety and Company tactical voice communications with 8.33 KHz channel spacing in dense areas, and 25, 50 or 100 KHz spacing elsewhere,

· Safety and Company non-tactical communications through the ACARS network via VHF 3 using VDL Mode 2/AOA in dense areas; VDL Mode A (ACARS MSK) elsewhere.

2.2 Experimental or future functions

· Safety datalink communications through the ATN via VHF3 using VDL Mode 2

· Safety voice, and later datalink communications using VDL Mode 3,

· Surveillance, and Safety and Company datalink communications using VDL Mode 4, on additional VHF radios and antennas.
3 VHF CO-SITE INTERFERENCE

3.1 On-board co-site interference between existing VHF radios

Air Transport aircraft are small antenna sites with powerful multiple radios, whose VHF antennas are isolated by at least 35 dB of space isolation for antennas on the same side of the fuselage, and 50 dB for antennas mounted on opposite sides of the fuselage ([ARINC716], § 5.2) – taking into account the laws of physics greater values are not achievable, except on the larger air transport category aircraft.
Up to now, for interferences on VHF system, only the ARINC 716 characteristic provides a text on interferences. With a minimum VHF antenna space isolation set to 35 dB
 between each VHF antenna, there should be no interference between them when the transmitter is tuned to a frequency 6 MHz or more from the receiver frequency (refer to [ARINC716] §3.6.7.4). With a minimum VHF antenna space isolation set to 50 dB1 between each VHF antenna, there should be no interference between them when the transmitter is tuned to a frequency 2 MHz or more from the receiver frequency. Therefore, Airbus aims first to be compliant with the text described above, as applicable for VHF Data Link Mode 2 and 4 as for VHF, and then get practical results about the co-site issues.
Interferences between the VHF communications radios can occur, but only on “receive” frequencies within 6 MHz of each of the interfering “transmit” frequencies (when on the same side – within 2 MHz for opposite sides):

· depending on the detailed radio design,

· mainly due to intermodulation products in the RF and mixer stages,

· only when one on-board radio transmits and another is receiving .

Such interferences occur in airline operation. The following mitigation factors ensure safe operation:

· Transmissions are short and infrequent, resulting in short and infrequent interferences,

· The aircrew may cease transmitting, using normal controls,

· The aircrew may ask for a message to be repeated, as with other-than-co-site interference.

3.2 On-board co-site interference with future or experimental VHF radios

· VDL Mode 2/ATN physical layer and usage are similar to existing VDL Mode 2/AOA. Therefore the existing mitigation factors will ensure safe operation.

· VDL Mode 3 has very short (6 ms)  squitter but transmits only when entering the service area or when the crew activates Press-To-Talk (PTT), and its physical layer is identical to that of VDL Mode 2 (digital modulation D8PSK). Since it should replace both existing voice and most datalink VHF medias (kept as backup functions and for use in the transition areas), there is only one radio for both voice and datalink and so no interference occur - except naturally if the aircrew uses an other transmitter at the same time it is using the VDL Mode 3 transmitter. The impact of very short squitter transmissions on VHF communication radios receivers are therefore likely to be acceptable, but this topic needs more studies.

· VDL Mode 4 has a short squitter transmission as well, but it is periodic, permanent and relatively frequent: up to once per second (in high density zones), lasting 13.3 ms. In case of interference, existing safety mitigations would be ineffective since:

· Frequent, permanent and periodic interference does not allow safety messages to be repeated,

· the aircrew cannot turn off the VDL Mode 4 transmitter or the benefit of ADS-B is lost.

4 PRACTICALITIES

4.1 VDL Mode 4

Of the existing, experimental and future datalinks, VDL Mode 4 has a unique set of characteristics, among which it:

· requires installation of additional 2 new radios – each with 1 transmitter and 2 receivers at least - for surveillance purpose (one master radio and one secondary unit in case of failure of the master for redundancy aspect as for SSR transponders),

· requires installation of additional antennas and wiring so as to obtain 35 dB isolation – achieved by installing the VDL Mode 4 antennas in the wingfence which implies wingfence modification and antenna cabling routing through the wings,

· requires 6-12 MHz guard bands (out of a 19 MHz wide band) to mitigate interference with essential VHF radios. 

· Else requires the replacement of existing VHF communication radios by radios with hitherto-unobtained better interference rejection

· Else requires the aircrew to turn the VDL Mode 4 transceiver off when interference is experienced, which is not compattible with its use as a surveillance aid.

· requires at least 2 worldwide frequencies (GSCs – Clobal Signaling Channels) which must be protected with regards to other VHF communication systems, and likely several Local Signaling Channels – LSCs (3 for Core Europe 2015), to meet ADS-B requirements in terms of user capacity as outlined in [Implementation Manual]. Additional services like TIS-B or point-to-point transmissions would require additionnal channels, as would use at large airports.

These characteristics would make VDL Mode 4 costly to install and inefficient of spectrum use.
4.2 Spectrum availability

Eurocontrol studies show that the core-area VHF Communication spectrum will be saturated around 2013, mainly due to voice channels. No available technology significantly extends this date. VDL Mode 2 frequencies use a small part of this spectrum and using other VDL modes with different data rates would not extend VHF spectrum life significantly.

Eurocontrol studies show that the core-area 1090 MHz SSR frequency will be saturated around the same date, mainly due to ACAS interrogations.

It is important that a sustainable voice/datalink communications and surveillance solution, outside the VHF band, be standardized in time. Airbus has recommended L-band for installed performance and sustainability reasons.

4.3 NUP research programme

As part of the NUP 2 research programme, Airbus tried to purchase Air Transport standard VDL Mode 4 radios on behalf of LFV, from the three major VHF/VDR radio vendors:

· One vendor declined to quote, due to low confidence in VDL Mode 4,

· One vendor did not quote. It was separately doing a study on VDL Mode 4 co-site interference for Eurocontrol. The initial draft shows issues.

· One vendor provided a quote in excess of budgeted funds. Efforts to get a lower quote were unfruitful and efforts to augment the budget were not sufficient.

· One other vendor provided an unsolicited proposal but subsequently teamed with one of the other vendors.

In view of inadequate funding, costly expected airline installation, co-site interference issues, and low remaining spectrum life, the radio purchase was not pursued further. This decision affects part of the NUP 2 baseline relative to VDL Mode 4.

Previous non-Airbus trials programmes installed STDMA or VDL Mode 4 radios on aircraft operating over a limited route structure. Over this limited route structure (and likely because of it), interference was not reported in the literature possibly because limiting interference condition have not been encountered.

In the NUP 2 time-scale and budget, Airbus does not know how to safely install VDL Mode 4 radios on an airliner that will be used worldwide, unless existing VHF Communications radios are changed, in a way that no-one has contemplated before.
On air transport category aircraft, there are no facilities to degrade receiver sensitivity when another radio is transmitting.
When an aircraft manufacturer does not know how to do something safely, it does not issue service bulletins allowing an airline to do it for an in-service evaluation. So Airbus does not offer VDLMode 4 service bulletins.

5 MEDIUM-TERM DATALINK POLICY

5.1 Airbus policy

Airbus policy is to use the following datalinks worldwide:

· ACARS/VDL Mode A and VDL Mode 2 for air-ground non-tactical safety and company communications through AOA protocols from 2nd Quarter 2003 and ATN from 2006 (TBC)

· Mode S Elementary and Enhanced Surveillance, and 1090 Extended Squitter ADS-B for air-ground surveillance from 1st quarter 2003, and for air-air surveillance from 2006 (TBC)

5.2 Institutional datalink policy

The following organisations have policies similar to Airbus:

· IATA, AEA

· AAL, DAL, DLH, SAS and other Link 2000+ airlines

· ANSPs: FAA, DFS, NATS, Eurocontrol, CANSO (draft)

· ARINC, SITA

· Air Transport VDR and transponder manufacturers

The following organisations favour VDL Mode 4 for combined applications:

· EasyJet IAOPA,

· ANSPs of Sweden (LFV), Russia, Mongolia

· Com4 solutions

· Marconi Selenia Communications, CNS Systems

· European Commission, DG TrEn

5.3 The Airbus position on VDL Mode 4

Airbus is not proceeding further with VDL Mode 4 because of the following issues:

· safety concerns with on-board co-site interference,

· compared with existing solutions, little added sustainability in the VHF spectrum,

· Air Transport radios not available,

· Expensive installation, specially for surveillance purposes,

· No existing ARINC/AEEC Fit Form Function standard,

· Low confidence in Com4 Solutions’ ability to provide dependable datalink service to an airline:

· start-up company,

· little relevant previous experience,

· no network

Airbus can not assist Supplementary Type Certicate (STC) applicants.

5.4 The Airbus position on future datalinks

For reasons of economics, performance and sustainability, future datalinks should provide voice and data service, air-to-air and air-to-ground, outside the VHF band. Airbus recommends L-band.

Capacity outside the VHF band will enable more efficient voice and data media to be introduced than in the VHF band.
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� Computed on the basis of a link budget done with current VHF ouput power and sensitivity.
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