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SUMMARY

The proposed introduction of a digital modulation scheme into the VHF communications band will require
suitable planning criteria to ensure the continued safe and acceptable operation of the current systems and of the
new digital system.  This paper describes a potential problem with co-locating a VDL transmitter with either a
DSB-AM  or VOR receiver whether that be in a plane or on the ground.



1.0 OBJECTIVE

1.1 To investigate the problems presented by co-locating a DSB-AM or VOR receiver with a VDL
Transmitter either in the same aircraft or at the same ground transmitter site.

2.0 INTRODUCTION

2.1 Within the ICAO Aeronautical Mobile Communications Panel (AMCP) a set of Standards And
Recommended Practices (SARPs) have been developed and incorporated in Annex 10 for a VHF Digital
Link (VDL) that uses a D8PSK waveform for operation in the VHF Aeronautical Mobile (R) band (118
– 136.975 MHz).  SARPs are also being developed for a second digital system based on D8PSK and a
third based on GMSK.

2.2 Working Group B of the AMCP have since been tasked with the determination of suitable planning
criteria to allow VDL radios to be safely and acceptably introduced within the current environment of 25
and 8.33 kHz radios.  At the second meeting of Working Group B in December 1997 a theoretical paper
presented by the UK suggested that the planning criteria needed to ensure compatibility between an AM
and VDL system would be spectrally inefficient and lose capacity.  Subsequent practical work carried
out by both the UK and US has confirmed the existence of a problem however that problem may not be
as severe as originally thought.

2.3 In order to try and resolve the situation the US have proposed a new VDL transmitter mask which is
cointained in their paper presented to this meeting entitled “Recommended VDL RF Transmitter
Spectral Mask Modifications”.  This paper avoids the issue of co-location of VDL and AM radios by
purely recommending that guidance be given to the installation engineers.  This paper investigates the
isolation required between an AM and a VDL radio to ensure the safe operation of both but especially
the safety critical AM service.

3.0 SCOPE

3.1 This paper investigates the theoretical isolation required between a VDL radio and an AM radio to
ensure the safe operation of the safety critical AM radio in order to protect against the following forms
of interference with the normal operation of the receiver/system:-

1) Desensitisation
2) Mute lift
3) 20/30 dB Desired to undesired ratio

3.2 This paper also investigates the isolation required to ensure the safe operation of a VOR receiver located
on the same aircraft.

4.0 ASSUMPTIONS

• That the VDL transmitter produces 15 Watts of radiated power



• That the VDL transmitter mask is in accordance with the current US proposal
• That the minimum sensitivity allowable in an AM radio is sufficient to detect a wanted signal power

level of -79dBm for an airborne and -91dBm for a ground based radio at the antenna
• That the sensitivity levels achieved in current normal operations are sufficent to detect a wanted

signal power level of -103dBm at the antenna
• That the desensitisation figure for a receiver is a wide band measurement and hence no bandwidth

correction fact need be applied
• That mute lift and desired to undesired figures result from an unwanted signal being detected and

hence a bandwidth correction factor needs to be applied.
• Since all figures are quoted at the antenna then the losses associated with antenna polar diagram,

feeder loss or mismatches can be ignored as they would have to be compensated for by
improvements in the performance of either the transmitter or receiver

 
 
 

 5.0 CALCULATION OF THE ISOLATION REQUIRED
 
 

 5.1 DESENITISATION
 
 5.1.1 Currently ED23B requires that in the presence of a wanted signal of -87dBm the signal-plus-noise to

noise ratio shall not decrease to less than 6dB in the presence of an unwanted signal of -33dBm in the
range 108 to 156 MHz.

 
 5.1.2. The isolation required to ensure that the unwanted signal is less than -33dBm may be calculated using

the following formula
 
 Ir = Ptx - Rxdes

Where Ir = Isolation required
 Pt = Power of the VDL transmitter (42dBm)
 Rxdes = Reciever desensitisation figure (-33dBm)

∴ Ir = 75dB
 
 5.1.3 Since on an aircraft you normally cannot achieve better than 45dB of isolation, desensitisation will be a

factor.  For ground receivers located at the same site the isolation achieved by the antenna separationis
unlikely to protect the AM receiver and hence either additional filtering or spliting sites will give
sufficient isolation to ensure that desensitisation does not occur.

 
 

 5.2 MUTE LIFT ON A DSB-AM
 
 5.1.1 Currently ICAO annex 10 requires that a ground receiver be capable of detecting, on a high percentage

of occasions, a signal strength of -91dBm at the antenna whilst for an airborne receiver this figure is
relaxed to -79dBm, however it is recommended that this figure be -103dBm for both types of receiver.

 
 5.1.2. The isolation required to ensure that the mute will not be lifted may be calculated using the following

formula
 



 Ir = Ptx - S - Bf

Where Ir = Isolation required
 S = Sensitivity of the receiver (required -79dBm aircraft, -91dBm ground; recommended

-103dBm)
 Pt = Power of the VDL transmitter (42dBm)
 Bf = Banwidth correction factor (1.5dB for 25kHz or 5.6dB for 8.33kHz)

∴ Ir = 119.5 dB min 143.5 dB rec for a 25kHz airborne Rx
 = 115.4 dB min 139.4 dB rec for a 8.33kHz airborne Rx
 = 131.5 dB min 143.5 dB rec for a 25kHz ground Rx
 = 127.4 dB min 139.4 dB rec for a 8.33kHz ground Rx
 
 5.1.3 Assuming that you can only achieve 35 dB’s of isolation between antennae then neither the Rx filtering

of the VDL fundamental nor the roll of the VDL transmitter mask will protect an AM receiver working
at the recommended sensitivity level from mute lift in an aircraft.  If however the receiver is allowed to
be deliberately desensitised to the near the minimum permittable sensitivity level then the effect of the
receiver filtering on the VDL fundamental would require 100kHz of separation whilst the VDL spectral
roll off would require 200kHz of separation.

 
 5.1.4 Assuming that you can achieve a 35dB isolation figure on a combined ground radio station then in order

to achieve the required isolation through AM filtering a frequency separation of 150 kHz will be
required and 1.5 MHz when considering adjacent channel power of the VDL radio.  Practically the use
of separate transmitter and receiver sites maybe required.

 
 

 5.3 DESIRED TO UNDESIRED RATIO
 
 5.1.1 Currently ICAO annex 10 requires that a ground station provide a minimum signal power of -79dBm to

an airborne antenna or -91dBm when considering a ground receiver.  In order to ensure a desired to
undesired ratio of 20dB/30dB then the level of isolation required can be calculated using the following
formula:-

 
 Ir = Ptx - MFS - Bf  + D/U

Where Ir = Isolation required
 MFS = Guaranteed minimum field strength ( -79dBm aircraft, -91dBm ground)

 Pt = Power of the VDL transmitter (42dBm)
 Bf = Banwidth correction factor (1.5dB for 25kHz or 5.6dB for 8.33kHz)
 D/U = Required desired to undesired ratio (20dB/30dB)

∴ Ir = 140.5/150.5 dB for a 25kHz airborne Rx
 = 136.4/146.5 dB for a 8.33kHz airborne Rx
 = 152.5/162.5 dB for a 25kHz ground Rx
 = 148.4/158.5 dB for a 8.33kHz ground Rx
 
 5.1.3 These figures cannot be achieved in an airborne situation without an improvement in either the VDL

transmitter mask, the antenna isolation, the receiver characteristics or a combination of all three.  The
isolation figures can only be achieve in a ground installation with either complex filter arrangements or
split sites.

 



 

 5.4 PROTECTION OF VOR RECEIVER
 
 5.4.1 Currently ICAO Annex 10 calls for a VOR receiver to be capable of detecting a signal strength

equivalent to a signal power of -78dBm. In order to portect against interference from a VDL transmitter
located on the same aircraft 120dB of isolation would be required.

 
 5.4.2 No figures are available for the isolation between a VHF comms  and VOR antenna however it is likely

that this figure will be comparable to that between VHF comms antennae.  Assuming that this is true
then frequency separation required between the VDL and VOR would be 200 kHz.

 
 
 

 6.0 CONCLUSIONS
 

• The isolation figures required cannot be meet using equipment meeting current SARPs and improved
installation techniques.

• To achieve the isolation figures require will require an improvement in the physical characterisitcs of all
parts of the system both VDL and AM.

 
 

 7.0 RECOMMENDATIONS
 

• That the VDL transmitter mask be improved to the maximum extent possible
• That the SARPs for AM airborne receivers be reviewed and modified for radios that are to be co-located

with VDL radios.
• That a minimum isolation figure between an AM and VDL radio be developed and stated in ICAO

Annex 10.
• ICAO Annex 10 should include statements with respect to any assumptions made in agreeing a position

that allows VDL radios to be introduced into the AM VHF Comms band.


