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Introduction

During the last months concerns have been expressed about the suitability of the
current VDL mode 2 physical layer SARPS in particular about the spectrum mask
requirements in relation with simultaneous D8PSK and DSB AM communication within
the same area (e.g. same control sector area).
Three different cases have been identified:

- the air to air interference case
- the airborne cositing problem,
- the ground station cositing problem.

It is important to make a distinction between these three cases ; the two first are
dealing with D8PSK transmitter and DSB AM receivers, the last one is dealing with
ground based equipment.

It must be admit that in term of equipment specification a clear distinction exists
between ground and airborne equipment. The ground equipment performances could
be significantly better than those of the airborne one. Furthermore they are based upon
different standardization documents which are not serving necessarily the same
objective. Therefore it is proposed in this paper to only deal with the airborne
equipment spectrum mask implications. The ground equipment performances could be
more stringent to address specific cositing problems.

As far as the airborne cosite is concerned it must be recognized that the first driving
factor in cositing radio on a given airframe is the VHF receiver desensitization
performances (that is to say the ability of a given receiver set up on frequency F1 to
operate in the presence of a signal transmitted at frequency F2 nearby). The current
desensitization requirement for DSB AM receivers (as found in the last 8.33 kHz
EUROCAE MOPS document 23B chapter 3.1.11) is –33 dBm in the presence of a
wanted signal at – 87 dBm. This means that a receiver is not guarantied to operate
properly when another transmitter is on and when the decoupling value between
antennas is less than 70/75 dB (assuming that the transmitter is transmitting 15W that
is to say +42 dBm). The effect of the spurious noise radiated in the AM channel



appears as only a secondary effect that could masked by the previous one . Therefore
the solution implemented to solve the first issue would de facto also solve the second
one.

The two cositing issues must be therefore treated independently from the main issue
that concerns the air to air interference and the associated frequency planning criteria.
This paper is now addressing this problem and intend to show that the existing SARPS
are not too bad and that a slight improvement in the spectrum mask requirement could
make the situation very similar to the one in force today that means that any channel
away after the second adjacent channel could be planned in the same service volume.
This conclusion demonstrates that the introduction of VDL mode 2 services would not
create new difficulties in frequency planning. Nevertheless the current proposal of WG
B to implement a sub-band for the VDL Mode 2 frequency allocation is a very good
idea that would need to be implemented progressively in the future (this is at least a
good objective for the European region).

The rationale below has been initially developed by Eurocae WG 47 while preparing
the MOPS for airborne VDL mode 2 radio. The rationale has been presented to RTCA
at the two last SC 172 meetings and it has been slightly modified in this paper.

It is very important to recognize that this rationale has been approved by various actors
of the aviation community and that it represents the best trade off between operational
requirements and achievable airborne performances in all operating conditions (in VDL
Mode 2 test burst mode, in the full temperature range and in all other environmental
conditions). It must be accepted that a ground radio design could provide much better
performances in term of spectrum mask at  reasonable price while this is not so easily
achieved on board.

Operational context used in the analysis:

In order to find the real spectrum mask that must be required to VDL Mode 2 airborne
radio in order to be capable to plan a VDL mode 2 frequency at 50 kHz from an DSB
AM allocation in the same airspace, the analysis uses a very simple operational
scenario that could be described as follows:
two aircraft are operating in the same airspace volume and the interference case is
defined when the separation distance between them is the lowest acceptable in this
airspace. Three scenarios were chosen to reflect the en-route case, the TMA case and
the ground movement case. For each scenario the parameters selected are:

- the minimum separation distance,
- the minimum signal level for the AM service (assuming a standard ground

transmitter power of 15 W).
The aircraft communicating in the DSB AM (on frequency F1) is considered as the
victim and the aircraft using D8PSK (transmission on frequency F2 that is F1+50 kHz)
is considered as the jammer. The criteria used for protecting the voice signal at the RF
level on the channel F1 is a D/U of 20 dB which is generally the acceptable level even
if some work conducted by the FAA indicates that 30 dB would be more appropriate.
This statement from the FAA concerns VDL mode 3 case ; in the case of VDL mode 2,
due to the lowest rate of the data burst (from a single aircraft) the value of 20 dB would
be acceptable.

The victim aircraft is always in the worst conditions that is to say that the aircraft is at
the coverage boundary. The method used considers the worst case in a D/U ratio
corresponding to the ratio between the distance aircraft to ground station (for the
desired signal) and the minimum separation distance between the two aircraft. In other



words the minimum desired signal level is not necessarily corresponding to the
receiver sensitivity level.

The jamming aircraft is considered to transmit D8PSK bursts from time to time (only
acceptable for VDL mode 2) with a transmitter power of 15W (+42 dBm) at F2.

Another parameter used in this analysis is the differential antenna gain and power
between ground and airborne transmitter. This parameter is fixed at 6 dB and
corresponds to a ground antenna with 2 dB gain and possibly a higher power while the
aircraft is using a – 4 dB antenna gain and a lower power.

Another important element to mention is the fact that the probability of occurrence of
this worst case situation is rather low and is the result of three independent events that
occurs with a certain probability. The probability to have a voice communication
message when the aircraft is at the limit of coverage is considered as 20%, the
probability to have the jamming aircraft transmitting is about 5% (this is applicable to
VDL mode 2 only), the probability of very close overflying is about 2%. The resulting
probability of the event is therefore .0.2*0.05*0.02 which leads to 2*10-4. This
probability figure is rather low and could be count as an extra system margin against
such interference mechanism.

The target goal in this analysis is to determine the maximum ACP value required in
order to freely allocate a VDL mode 2 service in the same volume than an DSB-AM
service with only 2 channels separation (50 kHz).

In order to simplify the computation, the ratio of the signal strength at the input of the
victim receiver is equivalent to the ratio of the distance between the receiver and the
two transmitters (e.g. 51 dB equivalent to log(120/.36) for en route). It must be noted
that this simplification could be discussed in the case of the airport scenario where the
use of a signal strength ratio based upon distance ratio could be rather optimistic. In
this specific case the important point is the margin available between the computed
ACP requirement and the Eurocae ACP requirement (in this case it appears to be 11
dB in the following table).

Taking into account the differential antenna gain (6 dB) and a D/U of 20 dB, the ACP
value (expressed in dBC) required is derived from the following formula

ACP in dBC= -D/U – (Distance ratio) + 6dB

Assuming that the maximum VDL mode 2 transmitter power is 15 W (+42 dBm), the
absolute ACP requirement is derived using the following formula:

ACP absolute= +42 – ACP in dBC

The following table presents the various elements of the analysis for each scenario
along with the respective spectrum mask requirement needed to ensure the free
assignment of any channel after the first adjacent channel as it is the case for DSB
AM.



Service
Volume

NM

Separation
Distance

Feet

D/U
Ratio

dB

Distance
Ratio

dB

ACP
DBC

ACP
dBm

120 2000,00 20 51 65 -23
50 1000,00 20 50 64 -22

5 200,00 20 44 58 -16

Another potential interfering mechanism is the mute lifting of an DSB AM receiver due
to the spurious from a VDL mode 2 transmitter in the same service volume operating at
50 kHz from the AM channel. The signal level to lift the AM receiver mute is currently –
87 dBm. To ensure that a VDL mode 2 transmitter will not lift the mute in each of the
above scenario, it is necessary to achieve an ACP performance for the second
adjacent channel according to the following formula:

ACPdBC= 42 + 87 –Space attenuation

The following table summarizes the results of this analysis.

Service
Volume

NM

Separation
Distance

Feet

VDL
mode 2

transmitter
level
dBm

Space
attenuation

dB

ACP
dBC

ACP
dBm

120 2000,00 +42 -71 58 -16
50 1000,00 +42 -68 61 -19

5 200,00 +42 -61 68 -26

From this table it appears that the required ACP to avoid mute lifting of the DSB AM
receiver in the three scenario identified is always compatible with the requirement that
will ensure a permanent D/U of 20 dB (except for the airport case). If the worst
requirement is compared for each scenario with the EUROCAE/RTCA VDL mode
spectrum mask it appears that in all the situations the proposed spectrum mask meets
the requirement for ACP.

EUROCAE/RTCA Proposed spectrum mask for VDL mode 2
airborne radio

The question of the reasonable achievable spectrum mask for an airborne VDL mode
2 transmitter has been debated at length during the working sessions of EUROCAE
WG 47. After consultation of the participating major airborne manufacturers on this
issue and based upon their experience in building such equipment, the following
values have been agreed for the spectrum mask applicable for airborne transmitter in
all operating conditions (including temperature and other environmental conditions)
and on the basis of a testing method including the repetitive burst effect (that takes into
account the effect of power up and down on the spectrum performances:



First adjacent channel - 13 dBm (relaxation of 5 dB from the SARPS)
Second adjacent channel - 27 dBm
Fourth adjacent channel - 32 dBm

Note: the measurement bandwidth for the 2nd and 4th channels is 16.8 kHz instead of
25 kHz (this corresponds to 2 dB difference in noise level)

Depending on the radio design it could be difficult to get the best wideband noise floor
while keeping the first adjacent channel ACP as low as possible. After lengthy
discussion the compromise achieved was to keep the best wide-band noise
requirement (–50 dBm measured in  25 kHz band width) and to relax the ACP value for
the first adjacent channel to – 13 dBm that is corresponding to 3.4 Nm separation.
This first adjacent channel is allocated to day for DSB AM with a separation distance of
.6 Nm in the USA and 10 Nm in Europe. The consequence of such a proposal only
affects the US practices.

Conclusion

The analysis developed above indicates that the requirement to allow the free planning of
VDL mode 2 and DSB AM frequencies in the same service volume with a minimum
separation of 2 channels (50 kHz) is –23 dBm (measured in a 16.8 kHz bandwidth) for
all analyzed scenario.

Based upon the values derived from the analysis and compared with the proposed
ACP as they stand in the EUROCAE/RTCA MOPS a margin of 4 dB at least (up to 11
dB for airport) is provided. This margin has to be considered along with the extra
equivalent margin that is provided by the statistical nature of the phenomena.

Based upon these considerations it is recommended that:
The panel accepts the validity of the rationale developed in this paper,
The VDL mode 2 spectrum mask presently included in MOPS developed by

EUROCAE/RTCA is an acceptable basis for airborne equipment type approval,
The SARPS for the physical layer be amended in the following way:

The ACP value for the first adjacent channel (measured in a 16.8 kHz
bandwidth) is  - 13 dBm

The ACP value for the second adjacent channel (measured in a 25 kHz
bandwidth) is – 25 dBm
 The ACP value for the fourth adjacent channel (measured in a 25 kHz
bandwidth) is – 30 dBm

The wide band noise for the 64th and higher adjacent channels
(measured a 25 kHz bandwidth) is – 50 dBm


