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EXECUTIVE SUMMARY 
As the VDL Mode 4 data link is expected to operate alongside 

other communication links onboard an aircraft, it has to be shown that 
installation alongside these systems will not present any major 
problems. VDL4 is designed to support both communications and 
surveillance functions. The combination of these two functionalities 
may result in additional considerations.   

To provide answers to questions that have been raised, 
EUROCONTROL has initiated a study to investigate the airborne 
architecture for VDL4.  The objective of the study is to analyse the 
feasibility of the airborne architecture for VDL4, taking into account the 
constraints and identifying any potential issues. The purpose is not 
necessarily to identify the "optimum" airborne architecture for a 
specific implementation, as this is seen as a manufacturer's 
responsibility. The target implementation date for the architecture is 
the 2008 - 2015 timeframe. 

The study examines whether there is a feasible airborne 
architecture for each of the following three implementation options: 1) 
VDL4 for both communications and surveillance applications; 2) VDL4 
for surveillance applications only; and, 3) VDL4 for communications 
applications only. 

In addition, the study examines the constraints of, and the 
impact on different types of aircraft. One of the major aspects of the 
feasibility of the architecture is the investigation about potential 
interference between VDL Mode 4 and other systems onboard the 
aircraft and in particular, with other systems operating in the VHF 
band. 

The work of the study is organized in four major work 
packages.  Work Package 1 laid the groundwork for the study in the 
form of establishing a reference list and a series of baseline 
equipment configurations against which installation of VDL Mode 4 
capability can be evaluated.  Work Package 2 identified the 
requirements of the applications intended to be used with VDL4 and 
the requirements of the architecture which will support these 
applications.  Work Package 3 uses the requirements identified in 
Work Package 2 to define one airborne architecture for each of the 
implementation options. Finally, Work Package 4 will describe how the 
possible architecture definitions could be implemented. 

This document presents an analysis of the potential for 
interference between digital and analog communications systems that 
operate simultaneously in a non-cooperative manner in the VHF 
communications band.  The primary interference mechanisms 
discussed are desensitization and off-channel interference.  Digital-on-
analog, analog-on-digital, and digital-on-digital interference are all 
considered in this report.  The simple analysis provided in this 
document is based on general assumptions and does not  attempt to 
provide precise estimates of the interference effects for specific 
aircraft installations. 

The result of this analysis is a series of interference "budgets" 
that provide the framework for evaluating various design and 
implementation options. The link budgets calculated in this deliverable 
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clearly indicate that VHF-on-VHF interference effects can be a 
significant barrier to successful integration of any new and 
independently operated VHF equipment on aircraft with other VHF 
communications and navigation equipment. The results of this 
deliverable will be used in Work Package 3.1 to investigate the 
feasibility of the VDL Mode 4 integration onboard the aircraft. 

The VDL Mode 4 Airborne Architecture Study is being 
performed for EUROCONTROL by technical experts at multiple 
business units of Honeywell International. 

The draft deliverables of this study are circulated within an 
extensive review group of interested parties. The released versions of 
the deliverables have considered the comments received during the 
review process. EUROCONTROL acknowledges the input received by 
the organisations that participated in the review process. Participation 
in the review process does not necessarily mean approval of the study 
results as the final responsibility of the study results remains with 
Honeywell and EUROCONTROL. For this deliverable (D3.2), 
comments were received from ADSI, AIRBUS, BA, BOEING, Com 4 
Solutions, CNS Systems, DITTEL, EasyJet, and LFV.  
EUROCONTROL acknowledges and thanks the individuals and the 
organizations for their input. 

The EUROCONTROL web page 
http://www.eurocontrol.int/vdl4/architecture.html provides information 
on the study and its progress. The available deliverables (WP1, WP2, 
and WP3.2) as well as comments received and their resolution can be 
found through links at this site. 
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ACRONYMS 

ACARS Aircraft Communication And Reporting System 
ACAS Airborne Collision Avoidance System 
ADAP Automated Downlink of Airborne Parameters 
ADS Automatic Dependent Surveillance 
ADS-B ADS Broadcast 
ADS-C ADS Contract 
AIRSAW Airborne Situation(al) Awareness 
AOA ACARS over AVLC 
ASAS Airborne Separation Assurance System 
AT Air Transport class of aircraft 
ATM Air Traffic Management 
ATN Aeronautical Telecommunications Network 
ATS Air Traffic Services 
ATSAW Air Traffic Situation(al) Awareness 
AVLC Aviation Link Control (protocol) 
CDTI Cockpit Display of Traffic Information 
CNS/ ATM Communications, Navigation, Surveillance/ Air Trafic Management 
COOPATS Co-operative ATS (Concept) 
CPDLC Controller/ Pilot Data Link Communications (Services) 
DSB-AM Double Sideband Amplitude Modulation 
FAA Federal Aviation Administration (United States) 
GBAS Ground Based Augmentation System (augmentation of GNSS) 
GNSS Global Navigation Satellite System 
ICAO International Civil Aviation Organisation 
ILS Instrument Landing System 
NASA National Aeronautics and Space Administration (United States) 
ORD Operational Requirements Document 
POA "Plain Old ACARS" 
PSR Primary Surveillance Radar 
QoS Quality of Service 
R/T Radio Telephony 
SARPs (ICAO) Standards and Recommended Practices 
SSR Secondary Surveillance Radar 
VDL VHF Digital Link 
VOR VHF Omni-Range 
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1 INTRODUCTION 

VDL Mode 4 has been designed to support a number of 
diverse applications. The SARPs for VDL Mode 4 are currently 
accepted for surveillance applications, while their extension to support 
point-to-point communications applications is being examined by 
ICAO.  VDL Mode 4 is considered in Eurocontrol as a candidate 
surveillance data link for ADS-B and as a candidate communications 
data link to support communications applications requiring a stringent 
Quality of Service.  One of the important elements for a decision to 
implement VDL Mode 4 is the feasibility of integrating this technology 
onboard the aircraft. This study will provide input to such a decision. 

1.1 Study Objectives 

The objective of this study is to analyse the feasibility of the 
airborne architecture for VDL Mode 4, taking into account the existing 
constraints and identifying any important issues. The purpose of the 
requested analysis is not necessarily to identify the “optimum” airborne 
architecture for VDL Mode 4, but to identify an architecture which 
satisfies the requirements and which shows that a VDL Mode 4 
airborne architecture could be implemented. 

The constraints on the installation and integration of VDL Mode 
4 functionality are such that different answers might apply depending 
on whether the architecture is required for retrofit into the existing 
fleet, which will be assumed to have certain baseline equipment, or 
into the new fleet as part of buyer- or seller-furnished equipment.  
Therefore, this study will consider both approaches.   

1.2 Definition of Terms 

This study considers a number of combinations of aircraft 
equipage and operational usage of VDL Mode 4.  To establish a 
consistent means of describing the various options, this study defines 
the following terms. 
 
Aircraft Class – a set of aircraft satisfying a specific set of physical 
and, possibly, equipment criteria.  This study will define four aircraft 
classes based on takeoff weight and on-board equipment. 
Co Channel Signal - a signal generated by a remotely-located VHF 
transmitter operating on the same assigned channel as the local victim 
receiver. 
Communications Data link – a data link  that is primarily or exclusively 
used to transfer information for the purpose of exchanging information 
related to the operation and status of the aircraft, but not related to its 
current position.   Examples of communications data link information 
include various requests for clearances (air-to-ground) and clearance 
approvals (ground-to-air).  Communications data link does not include 
information derived from the current position or intended future 
position of the aircraft, except in the "clearance/approval" sense.  
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Communications data link includes both Air Traffic Services (ATS) and 
Aeronautical Operational Control (AOC) communications defined by 
ICAO. 
Data link – a means of wireless communications by which packets of 
digital data are exchanged between a source and an destination. 
Equipment Baseline – for the purpose of this study, a specific list of 
avionics  supporting communication, navigation, and surveillance 
functions that is installed in an aircraft of a particular class prior to the 
installation of VDL Mode 4 capability. 
Same-band signal - a signal transmitted in the VHF navigation and or 
communications bands, i.e., 108 - 137 MHz, but not on the same 
channel as the victim receiver. 
Off-channel signal level1 – The total integrated power resulting from an 
analog or digital transmitter operating on a VHF communications 
frequency, nominally in the 118-137 MHz band, that is outside of the 
25 kHz (or 8.33 kHz) surrounding the frequency selected by the 
transmitter, as measured in the processing bandwidth of a receiver 
operating on a different VHF communications frequency. (See Figure 
1) 
 

Same-band Signal

Off-Channel Signal Level

Victim Receiver 
Frequency

Source
Transmitter
Frequency

Po
w
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 L
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Intermediate frequency
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filter transfer function

 
Figure 1 Off-Channel Signal Level 

 
Surveillance Data link – a data link that is primarily or exclusively used 
to for the purpose of providing information about the current and, 
possibly, intended future position of the aircraft.  Surveillance data link 
does not include either information necessary to improve the estimate 
of the aircraft position or clearance/approval for specific operations. 

                                                
1 We have selected the term "off channel" to avoid the confusion that sometimes arises with 
the more common usage "adjacent channel".  "Off channel" can refer the power from a 
transmitted signal separated by any number of channels, and does not carry the "nearest 
neighbor" connotation associated with "adjacent channel".  When this report uses "adjacent 
channel", it will specifically associate it with a channel separation, as in "first adjacent 
channel" or "second adjacent channel". 



VDL Mode 4 Airborne Architecture Study 
 

 

Edition: VM4AAS_D3.2V5b final Page 14 

VDL Mode 4 Operational Configuration – for the purpose of this study, 
a specific configuration of VDL Mode 4 onboard an aircraft so as to 
provide either communications data link service or surveillance data 
link service, or both. 

1.3 Interference Problem Statement 

Work Package 3.2 involves an assessment of the radio 
frequency (RF) interference issues involved with simultaneous 
operation of VDL Mode 4 with other aeronautical VHF communications 
and navigation systems.  In the original work plan, this effort was to be 
carried out in detail for the selected architecture(s).  Recent tests [1] 
indicate that the RF interference issues may be the single driving 
factor in establishing a VDL Mode 4 architecture.  Therefore, it was 
decided to address  the interference problem first and use the 
resulting information to detail the architecture options. This report 
addresses the issue of interference between three different types of 
VHF communications equipment (DSB-AM, VDL Mode 2, and VDL 
Mode 4) operated on the same aircraft.2  Each equipment is 
considered as both the source and as the victim of the interference. 
The problem, of course, is that three incompatible systems attempt to 
use EXACTLY the same spectrum.  Each of the systems has been 
designed only for compatibility with itself. 

Only a simple analysis is presented here.  This simple analysis 
is intended to accomplish several goals: 

1) identify which interference cases will drive the 
architecture; 

2) identify how the various systems mitigate the effects of 
common interference sources ; 

3) identify which interference cases need not be 
extensively considered in the architecture; 

4) identify cases (if any) where remedial standards work 
might need to be accomplished;  

5) identify the potential (if any) for cooperative operation of 
different VHF communications on the same aircraft; and, 

6) identify potential operational restrictions (if any) on the 
simultaneous operations of different VHF communications systems on 
the same aircraft. 

It is important to note that this simple analysis is based on 
general assumptions and is not intended to provide precise estimates 
of the interference effects.  The common assumptions for this 
analysis, and a complete description of the interference tables 
presented in Section 4 are contained in Appendix B to this report.  

Of the assumptions listed in Appendix B, the required signal-to-
noise ratio, 0/bE N  will be critical when evaluating the architecture 
alternatives in WP 3.1.  The assumed value for 0/bE N  also plays a 
significant role in all of the detailed interference analysis tables of this 

                                                
2 The results and methodology can easily be extended to include VDL Mode 3, but this is 
beyond the scope of the current study. 
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current report.  The value assumed is 0/ 18 dB,bE N =  as given in the 
link budget appendix to the Interim VDL Mode 4 MOPS, ED-108 [2].  
There is some risk associated with this assumption, as the MOPS 
value is unsubstantiated by analysis.  Furthermore, it is uncertain what 
additional implementation loss terms may be required in the overall 
link budgets.  For the purpose of the interference analyses discussed 
in this document, the value of 18 dB used in the VDL Mode 4 MOPS 
will be assumed.  The detailed assumptions discussed in Appendix B 
increase this value by 4 dB, to 22 dB, to account for a power splitter, 
switch, and implementation losses.  Architectures with more than two 
receivers may require a larger splitter loss.  These items are 
discussed in more detail in Appendix B.  Some architectures may elect 
to use a low-noise-amplifier in front of the power splitter, but there may 
be additional intermodulation constraints with this approach.  
Receiver-specific architectures are discussed in the report to WP3.1. 

The analyses, especially those concerning the effects of digital 
links on DSB-AM reception, are very conservative, that is, the 
methodology tends to underestimate the level of the interference 
relative to desired signal.  This is due to the use of the reference 
signal level defined in the relevant MOPS, as opposed to the minimum 
signal level.  The reference signal level is chosen because in all of the 
MOPS, it is the level against which all other interference performance 
is measured.  This assures that the VHF-on-VHF interference analysis 
in this document is consistent with other MOPS-based analysis.  As 
noted in the detailed discussions, the difference between the 
reference signal and the actual minimum signal level achieved by 
high-quality receivers may be as much as 20 dB.  This implies that 
interference effects may be significantly worse than this analysis in 
real-world operations. 

This analysis assumes a continuous usage of DSB-AM voice 
(100% duty factor).  This is obviously an unlikely worst-case scenario, 
and it is worthwhile to examine the real operational impact of VDL on 
voice and of voice on VDL operations.  In particular, even average 
duration voice transmissions may have a negative impact on the 
delivery of time-critical datalink messages to the aircraft.  The level of 
the acceptable interference is not a concluded debate and therefore 
the study provides the results for the case when voice will be 
operated.  The actual voice channel loading, given in Erlangs, has not 
been considered. Furthermore, it is important to note that the use of 
datalink ATC communication services is expected to reduce the 
overall usage of voice, ATC communication services. 
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2 REFERENCE DOCUMENTS  

A list of reference documents is provided in Appendix A. 

3 BACKGROUND  

3.1 Desensitization vs. Off-Channel Rejection 

There are two mechanisms by which large same-band, but not co-
channel, signals cause interference to analog and digital receivers.   
These mechanisms are known as desensitization and off-channel (or 
adjacent channel) interference.  In summary, desensitization is a 
characteristic of the receiver and cannot be mitigated by transmitter 
design modifications.  Once an optimum or near-optimum 
demodulation/detector/decoder has been implemented, adjacent channel 
performance is a characteristic of the transmitter and cannot be mitigated 
by additional receiver modifications. Thus, it is critically important to 
determine whether the undesirable interference effects are due to 
desensitization or adjacent channel effects, thus providing the correct 
focus for engineering design efforts.  

3.1.1 Desensitization 

In desensitization interference the presence of a large same-band 
interfering signal level at the receiver input results in a residual same-
band signal level that is sufficient to disrupt the signal processing 
necessary to properly demodulate and decode the desired signal.  This 
disruption can take several forms.  In the first case, the signal may be so 
large that it saturates the front-end amplifier of the receiver, thereby 
destroying the receiver linearity properties.  In general, for the VHF 
frequencies under consideration, this front-end saturation occurs at input 
signal levels of approximately +4 dBm.  Second, for signals that are 
smaller than the front-end saturation level, but still many decibels larger 
than the typical desired signal level, the presence of a large residual 
same-band signal3 can cause errors in automatic gain control circuitry or 
algorithms, causing the receiver to be unable to process small desired 
signals.  The large residual same-band signal can saturate either analog 
circuitry or analog-to-digital conversion circuitry in the intermediate 
frequency (IF) stages of the receiver.  Third, the large residual same-band 
signal can cause numeric overflows in digital signal processing.  This is 
the digital equivalent of analog amplifier saturation.  All of these effects 
can lead to improper demodulation, detection, and decoding of the 
desired signal.   

                                                
3 This report uses the term "same-band" to refer to signals within the VHF communications band,.  
The term "same-band" is used to avoid confusion with the ITU term "in-band", which is essentially 
equivalent to our term "co-channel".  See the definitions of Section 1.2. 
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Desensitization effects can be mitigated by three means.  First, we 
can increase the transmitter-port-to-receiver-port isolation.  One way of 
accomplishing this is to physically separate the transmitter antenna and 
receiver antenna.  Second, we can increase the filtering in the receiver, 
and thereby decrease the ratio of the residual same-band signal level to 
the same-band signal level defined in Figure 2.  Third, we can reduce the 
transmitter power.   This third alternative is the only transmitter 
modification that mitigates the effects of desensitization. Additional 
filtering on the transmitter output will not improve desensitization 
performance.  On the other hand, reducing transmitter output power has 
system level ramifications, as the effective radiated power is the driving 
factor for maintaining the desired operational range.  Because this is an 
airborne architecture study, we assume that changes with such 
systematic effects are not available except as a last resort. 
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Figure 2  Same-band and Residual Same-band Signal Levels 

 
When assessing desensitization performance, the applicable 

receiver MOPS do not give an accurate indication of the performance of 
real receivers.  The five MOPS documents associated with VHF 
communications [2-6] all permit the receiver rejection to level off  several 
hundred kilohertz from the selected channel.  Real receivers, especially 
those in air transport aircraft, continue roll off with increasing frequency 
separation.  To more accurately assess the potential for interference in 
real installations, we will assume that the receiver meets the applicable 
MOPS desensitization requirement at the least restrictive applicable 
same-band channel.  We will then assume a conservative six-pole filter 
rolloff of 36 dB per octave from that point outward.  This performance is 
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representative of a number of VHF transceivers in the current 
marketplace.  

When discussing desensitization, we will always assume that the 
interfering channel with the large signal is separated from the desired 
channel by at least 25 kHz.  Therefore, the main lobe of the interfering 
spectrum is not contained in the passband of the receiver, and need not 
be included in the adjacent channel effects, described below.  As a result, 
we will treat desensitization and off-channel effects independently. 

3.1.2 Off-Channel Interference 

The second mechanism for same-band interference is off channel 
interference.  In off-channel interference, the transmitter, when tuned to a 
channel other than that used by the receiver, emits energy that falls within 
the passband of the receiver.  The effect of this energy is to raise the 
noise floor of the receiver by increasing the power spectral density of the 
composite of noise plus interference.  For a given desired signal level, 
this interference decreases the signal-to-noise ratio as measured in the 
channel occupied by the desired signal, thereby adversely affecting the 
demodulation, detection, and decoding of the desired signal. 

Off-channel interference effects can be mitigated by four means.  
First, an increase in the receiver-port-to-transmitter-port isolation can be 
used to reduce the level of the undesired energy.  One way of 
accomplishing this is to physically separate the transmitter antenna and 
receiver antenna.  Second, an increase in the filtering implemented in the 
transmitter can be used to decrease the ratio of the residual same-band 
signal level to the same-band signal level defined in Figure 2.  Third, a 
reduction in transmitter power can reduce the absolute level of interfering 
signals. If the adjacent channel emissions are caused by the effective 
noise floor of the transmitter, however, a reduction in transmitter output 
power may not necessarily be accompanied by a corresponding reduction 
in off-channel interference.  Furthermore, reducing transmitter power has 
system level implications as discussed earlier. Fourth, we can improve 
the demodulation, detection and decoding design of the receiver, 
effectively reducing the implementation loss and allowing the same error 
rate to be obtained with a lower signal to noise ratio.  This is the only 
receiver design approach that can reduce the effects of off-channel 
interference.  Additional filtering on the receiver input will not improve 
adjacent channel performance. 

3.2 How the Standards Handle Desensitization vs. Off-Channel 
Rejection 

The VDL Mode 2 MOPS [3, 5] and VDL Mode 4 MOPS [2] specify 
undesired VDL test signals that approximate the on-channel spectrum 
shape of VDL transmitters, but which provide better adjacent channel 
emissions performance than that specified for transmitters of real Mode 2 
or Mode 4 signals.  Thus, the amount of energy spilling over from the 
undesired test signal into the VHF channel under test is significantly less 
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than can be expected in real-world operation.  Thus, the verification tests 
for Adjacent Channel Rejection in [2-5] are essentially desensitization 
tests.  There are no direct tests of receiver performance under off-channel 
interference conditions.   

The adjacent channel requirements are in the form of 
requirements on the emissions levels that are permitted of VDL Mode 2 
and Mode 4 transmitters.  These requirements are given in terms of a 
fixed amount of power, in dBm, that may be emitted in a fixed 
measurement bandwidth.  Thus the transmitter limits in the MOPS [2-5] 
effectively specify the average power spectral density of the interference. 

Although the DSB-AM MOPS require a minimum sensitivity of -87 
dBm, modern receivers, particularly those in air-transport-class aircraft 
typically provide much better sensitivity.  Modern receivers can be 
expected to "break squelch" at input signal levels of -103 dBm.  Once 
squelch is broken, receivers can be expected to provide usable voice 
communications to -107 dBm or lower.  While operating with very low 
voice levels, interference of -120 dBm can be an audible distraction to the 
pilot.  These features must be considered when evaluating the potential 
for interference from VDL digital signals on DSB-AM receivers. In general, 
this "squelch break" or "minimum signal" interference of VDL-on-DSB-AM 
is off-channel interference.4  Therefore, mitigation rests with the VDL 
transmitter, not the DSB-AM receiver. 

4 INTERFERENCE ANALYSIS 

The requirements on the transmitted emissions of VDL Mode 2 
and VDL Mode 4 receivers are identical [2, 3, 5], and the requirements on 
receiver performance are similar.   The reference signal levels at which 
interference performance is measured are the same for Mode 2, Mode 4 
and DSB-AM.  For the purposes of this report, the interference analysis 
for the communication band can be reduced to three cases: 

1. VHF DSB-AM Voice as the interference source, with the 
victim systems being VDL Mode 2 and VDL Mode 4; 

2. VDL Mode 4 as the interference source, with the victim 
systems being DSB-AM Voice and VDL Mode 2; and, 

3. VDL Mode 2 as the interference source, with the victim 
systems being DSB-AM Voice and VDL Mode 4. 

Both off-channel interference and desensitization are separately 
considered for each case.  The comparison is done using a link budget 
methodology.  This methodology and associated assumptions are 
discussed in detail in Appendix B to this report.5 
There are a multitude of conditions to consider.  To reduce the number 
and simplify the presentation, we have taken the performance of an 8.33 

                                                
4 "Squelch break" has been shown to be an issue with VDL Mode 2 installations on some aircraft 
in the Small class. 
5 (Not Used) All tables are taken from tables linked to Interference Summary.XLS . 
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kHz DSB-AM transceiver complying with the Eurocae ED-23B [7] as the 
baseline.  Such transceivers are also capable of 25 kHz operation, and 
we assume that the emissions performance is independent of the 
selected channel spacing.  Therefore, the DSB-AM analysis applies to 
use of both 8.33 kHz and 25 kHz channels for communications. 
The interference analysis assumes that all aircraft have aluminum hulls.  
Composite-hulled aircraft pose several different problems, the most 
significant of which is antenna-to-antenna isolation.  Composite aircraft 
are not considered in this analysis. 
The analysis covers the effects of a single transmitter on the aircraft 
interfering with a reception of an incoming signal by a receiver located on 
the same aircraft.  There is an additional concern about intermodulation 
products generated by the simultaneous presence of two transmitter 
signals at the receiver input.  Issues related to intermodulation 
performance are, strictly speaking, issues related to the receiver 
architecture, and are discussed in the final report to WP3.1. 

4.1 VHF DSB-AM Voice as an Interference Source 

4.1.1 Large Aircraft 

Table 1 and Table 2 illustrate the case of an active VHF voice 
radio acting as the interference source, with VDL Mode 2 and VDL Mode 
4 receivers as the victims.  Table 1 and Table 2 illustrate the case of VHF 
communications antennas on the same side and opposite sides of a large 
air-transport category aircraft, respectively.  For the purposes of 
transmitter power, etc., the DSB-AM transmitter is assumed to be an 
ARINC 716 or ARINC 750 radio6 (see [8]), operating at the maximum 
ARINC 716 transmitter power of 40 watts (46 dBm).  A sensitivity analysis 
with respect to the transmission power will be conducted in Section 8.1 of 
this report. For the purposes of the analysis, the antenna-port-to-antenna-
port isolation of 35 dB (same side antennas) and 50 dB (opposite side 
antennas) recommended by ARINC 716 is assumed.  Total cable losses 
of 3 dB are then assumed, resulting in transmitter-to-receiver isolations of 
38 dB and 53 dB, respectively.  These values are consistent with 
numbers provided by Boeing and Airbus. 

These values serve to bound the isolation achievable between 
top-front and bottom-front or top-aft and bottom-aft antennas.  Slightly 
more isolation might be achievable between wing-mounted, top-front and 
bottom-aft or top-aft and bottom-front antenna locations.  But the diversity 
requirements of VDL Mode 4 and the dual DSB-AM requirement for fault-
free operation assure that some communications must occur using 
isolations of between 38 dB and 53 dB.  Therefore, these are the 
bounding values used in the analysis. 

                                                
6 ARINC 750 class radios are capable of ARINC 716 equivalent DSB-AM operation on 8.33 kHz 
and 25 kHz channel spacing, as well as ACARS, VDL Mode 2 and VDL Mode 3 (as of 2003 
version) operations.  The ARINC 750 assumption is consistent with the Eurocae ED-23B MOPS 
compliance discussed earlier. 
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The analysis starts with an assumed separation of four 25 kHz 
VHF channels between the active voice and data channels operating 
to/from the same aircraft.7  A baseline separation of 100 kHz is used 
because both the VDL Mode 2 [5] and VDL Mode 4 MOPS [2] give a 
spectrum break point of 100 kHz on the emissions spectrum and then roll 
off at 5 dB/octave.  The actual separation necessary to provide full 
mitigation of the interference is computed in the tables. This approximate 
computation uses the assume emissions and IF filter roll-off rates 
indicated in the table.  

For the purpose of this analysis, the critical budget entries are 
found in item 10 of the Off-Channel analysis and item 9 of the 
Desensitization analysis.  In the Off-Channel portion of Table 1, Item 10 
shows a negative margin, indicating that the interfering signal level is 
large enough to cause a significant interference problem.  Items 13 and 
14 show that the off-channel analysis is "noise limited" by the noise floor 
of the DSB-AM transmitter system.  This notation means that the ultimate 
noise floor of the DSB-AM transmitter -- which is determined by the 
transmitter noise figure --  is reached before the emissions can roll off 
enough to ensure that there will be no interference effects.   Although the 
off-channel analysis is only approximate in this computation, the "noise 
limited" result indicates that there is no acceptable channel separation (in 
frequency) that will permit simultaneous independent operation with a 
guarantee of no interference between the DSB-AM transmitter and VDL8 
receivers operated on the same aircraft, given the assumed isolation 
given in Item 2.   

Increasing the Transmitter-to-receiver isolation by restricting DSB-
AM transmission and digital reception to antennas on opposite sides of 
the aircraft, mitigates this problem by increasing the Transmitter-to-
receiver isolation, as illustrated in of Off-Channel analysis section of 
Table 2.  In this case, although Item 10 indicates a negative margin for 
the baseline frequency separation of 100 kHz, frequency separation can 
be used to achieve a "no interference" situation.  The separation of 3.25 
MHz for VDL Mode 2 and 4.825 MHz for VDL Mode 4 is comparable to 
current DSB-AM voice channel assignment practices.  Nevertheless, this 
large separation may be impractical given the constraints imposed by 
channel assignments for three systems in the same airspace. 

The Desensitization analysis of Table 1 indicates that separation 
of 200 kHz is sufficient to meet the adjacent channel rejection criteria for 
the victim digital systems, under the assumed rolloff performance.   While 
not an exact answer, Item 12 indicates that desensitization may be 
mitigated by frequency separation methods.  Naturally, the performance 
is better and the required frequency separation is less when the 
Transmitter-to-receiver isolation (Item 3) is increased, as shown in Table 
2. 

                                                
7 This is not the same as assuming that all voice frequencies operated in a given airspace are 
separated from all data frequencies serving the same airspace by at least 100 kHz. 
8 The term "VDL receivers" applies to Mode 2 and/or Mode 4 receivers as indicated in the 
individual entries in each table.   
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The conclusion is that DSB-AM voice transmissions can cause 
interference to any mode of VDL if the physical isolation between DSB-
AM transmit antenna and the VDL receive antenna cannot be assured.  
Exercising the interference computations, the least physical isolation for 
which a frequency separation solution exists is approximately 41.5 dB.  If 
the isolation and/or the frequency separation cannot be provided, the 
question then becomes "how well can the VDL protocols deal with 
occasional DSB-AM interference."  Such DSB-AM interference is likely to 
be more problematic for VDL Mode 4 than VDL Mode 2 which is not 
considered for the time and safety critical COM applications as well as the 
SUR (ADS-B) applications which VDL Mode 4 is considered (ADS-B 
messages are likely to be transmitted with an average period of only a 
few seconds). 

4.1.2 Small Aircraft 

The analysis is repeated for the Small aircraft class in Table 3 and 
Table 4.  With smaller aircraft, the physical separation between VHF 
antennas must be smaller and, therefore, the achievable isolation must 
also be less.  The isolation values used in Table 3 and Table 4 are based 
on measured values on a Citation V, which are believed to be typical of 
the class in general.   

As expected, the same-side antenna locations are noise-limited, 
meaning that frequency separation, by itself, is not sufficient to reduce 
interference below the desired performance threshold.   When antennas 
are located on the opposite side of the aircraft, the noise limitation is 
replaced by a large (3.6 MHz for VDL Mode 2 and 5.3 MHz for VDL Mode 
4) frequency separation, which may be operationally infeasible. 

4.1.3 Light Aircraft 

The DSB-AM analysis is again repeated for the Light  aircraft 
class in Table 5 and Table 6.    The isolation values used in Table 5 and 
Table 6 are based on measured values on a Piper Cherokee 6, which are 
believed to be typical of the class in general.  The isolation values are 
only slightly smaller than Small aircraft.   
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Table 1  DSB-AM Voice Interference Source, Large Aircraft, Same Side Antennas 

Source: DSB-AM High

Channel Separation 100,000.00 Hz
Aircraft type Large, same side
Emissions roll-off 5 dB/octave
IF Filter roll-off 36 dB/octave

Adjacent Channel 
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source off channel emissions n/a -70.9 -70.9 dBm
2 Transmitter-to-receiver isolation 38 38 38 dB

3 Source adj chan. emissions at victim 
receiver n/a -108.9 -108.9 dBm

4 Emissions bandwidth n/a 1 1 Hz

5 Interference Power or Power Spectral 
Density n/a -108.9 -108.9 dBm or 

dBm/Hz
6 Reference desired signal -87.0 -87.0 -87.0 dBm
7 Data Rate n/a 40.2 42.8 dB-Hz

8 Signal-to-noise Ratio Es/(N0+I0) or S/(N+I) 
or S/P n/a -18.3 -20.9 dB

9 Required Es/(N0+I0) or S/(S+I) or S/P 12 21.8 22 dB
10 Margin (+) or deficit (-) n/a -40.1 -42.9 dB
11 Specified Separation n/a 100,000.0 100,000.0 Hz

12 Maximum allowable interference n/a -149.4 -149.4 dBm or 
dBm/Hz

13 Necessary Separation n/a noise limited noise limited channels
14 Necessary Separation n/a noise limited noise limited kHz

Desensitization
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source Transmitter Power n/a 40 40 watts
2 Source Transmitter Power n/a 46.0 46.0 dBm
3 Transmitter-to-receiver isolation 38.0 38.0 38.0 dBm

4 In-band signal level at victim receiver input n/a 8.0 8.0 dBm

5 Specified adjacent channel rejection for 
victim receiver n/a 60.0 60.0 dB

6 Frequency offset at ACR specification n/a 100,000.0 100,000.0 Hz
7 Reference desired signal -87.0 -87.0 -87.0 dBm

8 Maximum permissible VHF Comm band 
signal n/a -27.0 -27.0 dBm

9 Margin (+) or Deficit (-) n/a -35.0 -35.0 dBm

10 Channel Separation @ specified adjacent 
channel rejection n/a 4 4 channels

11 Necessary total separation n/a 8.0 8.0 channels
12 Necessary total separation n/a 200.00 200.00 kHz
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Table 2  DSB-AM Voice Interference Source, Large Aircraft, Opposite Side 
Antennas 

Source: DSB-AM High

Channel Separation 100,000.00 Hz
Aircraft type Large, opposite side
Emissions roll-off 5 dB/octave
IF Filter roll-off 36 dB/octave

Adjacent Channel 
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source off channel emissions n/a -70.9 -70.9 dBm
2 Transmitter-to-receiver isolation 53 53 53 dB
3 Source adj chan. emissions at victim n/a -123.9 -123.9 dBm
4 Emissions bandwidth n/a 1 1 Hz
5 Interference Power or Power Spectral 

Density
n/a -123.9 -123.9 dBm or 

dBm/Hz
6 Reference desired signal -87.0 -87.0 -87.0 dBm
7 Data Rate n/a 40.2 42.8 dB-Hz
8 Signal-to-noise Ratio Es/(N0+I0) or S/(N+I) n/a -3.3 -5.9 dB
9 Required Es/(N0+I0) or S/(S+I) or S/P 12 21.8 22 dB

10 Margin (+) or deficit (-) n/a -25.1 -27.9 dB
11 Specified Separation n/a 100,000.0 100,000.0 Hz
12 Maximum allowable interference n/a -149.4 -149.4 dBm or 

dBm/Hz
13 Necessary Separation n/a 130.0 193.0 channels
14 Necessary Separation n/a 3,250.0 4,825.0 kHz

Desensitization
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source Transmitter Power n/a 40 40 watts
2 Source Transmitter Power n/a 46.0 46.0 dBm
3 Transmitter-to-receiver isolation 53.0 53.0 53.0 dBm
4 In-band signal level at victim receiver input n/a -7.0 -7.0 dBm

5 Specified adjacent channel rejection for 
victim receiver

n/a 60.0 60.0 dB

6 Frequency offset at ACR specification n/a 100,000.0 100,000.0 Hz
7 Reference desired signal -87.0 -87.0 -87.0 dBm
8 Maximum permissible VHF Comm band 

signal
n/a -27.0 -27.0 dBm

9 Margin (+) or Deficit (-) n/a -20.0 -20.0 dBm
10 Channel Separation @ specified adjacent 

channel rejection
n/a 4 4 channels

11 Necessary total separation n/a 6.0 6.0 channels
12 Necessary total separation n/a 150.00 150.00 kHz  
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Table 3 DSB-AM Voice Interference Source, Small Aircraft, Same Side Antennas 
Source: DSB-AM High

Channel Separation 100,000.00 Hz
Aircraft type Small, same side
Emissions roll-off 5 dB/octave
IF Filter roll-off 36 dB/octave

Adjacent Channel 
Victim System
DSB-AM High VDLM2 VDLM4 Units

1 Source off channel emissions n/a -75.2 -75.2 dBm
2 Transmitter-to-receiver isolation 22 22 22 dB

3 Source adj chan. emissions at victim 
receiver n/a -97.2 -97.2 dBm

4 Emissions bandwidth n/a 1 1 Hz

5 Interference Power or Power Spectral 
Density n/a -97.2 -97.2 dBm or 

dBm/Hz
6 Reference desired signal -87.0 -87.0 -87.0 dBm
7 Data Rate n/a 40.2 42.8 dB-Hz

8 Signal-to-noise Ratio Es/(N0+I0) or S/(N+I) 
or S/P n/a -30.0 -32.7 dB

9 Required Es/(N0+I0) or S/(S+I) or S/P 12 21.8 22 dB
10 Margin (+) or deficit (-) n/a -51.8 -54.7 dB
11 Specified Separation n/a 100,000.0 100,000.0 Hz

12 Maximum allowable interference n/a -149.4 -149.4 dBm or 
dBm/Hz

13 Necessary Separation n/a noise limited noise limited channels
14 Necessary Separation n/a noise limited noise limited kHz

Desensitization
Victim System
DSB-AM High VDLM2 VDLM4 Units

1 Source Transmitter Power n/a 15 15 watts
2 Source Transmitter Power n/a 41.8 41.8 dBm
3 Transmitter-to-receiver isolation 22.0 22.0 22.0 dBm

4 In-band signal level at victim receiver input n/a 19.8 19.8 dBm

5 Specified adjacent channel rejection for 
victim receiver n/a 60.0 60.0 dB

6 Frequency offset at ACR specification n/a 100,000.0 100,000.0 Hz
7 Reference desired signal -87.0 -87.0 -87.0 dBm

8 Maximum permissible VHF Comm band 
signal n/a -27.0 -27.0 dBm

9 Margin (+) or Deficit (-) n/a -46.8 -46.8 dBm

10 Channel Separation @ specified adjacent 
channel rejection n/a 4 4 channels

11 Necessary total separation n/a 10.0 10.0 channels
12 Necessary total separation n/a 250.00 250.00 kHz
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Table 4 DSB-AM Voice Interference Source, Small Aircraft, Opposite Side 
Antennas 

Source: DSB-AM High

Channel Separation 100,000.00 Hz
Aircraft type Small, opposite side
Emissions roll-off 5 dB/octave
IF Filter roll-off 36 dB/octave

Adjacent Channel 
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source off channel emissions n/a -75.2 -75.2 dBm
2 Transmitter-to-receiver isolation 48 48 48 dB
3 Source adj chan. emissions at victim 

receiver
n/a -123.2 -123.2 dBm

4 Emissions bandwidth n/a 1 1 Hz
5 Interference Power or Power Spectral 

Density
n/a -123.2 -123.2 dBm or 

dBm/Hz
6 Reference desired signal -87.0 -87.0 -87.0 dBm
7 Data Rate n/a 40.2 42.8 dB-Hz
8 Signal-to-noise Ratio Es/(N0+I0) or S/(N+I) 

or S/P
n/a -4.0 -6.7 dB

9 Required Es/(N0+I0) or S/(S+I) or S/P 12 21.8 22 dB
10 Margin (+) or deficit (-) n/a -25.8 -28.7 dB
11 Specified Separation n/a 100,000.0 100,000.0 Hz
12 Maximum allowable interference n/a -149.4 -149.4 dBm or 

dBm/Hz
13 Necessary Separation n/a 144.0 213.0 channels
14 Necessary Separation n/a 3,600.0 5,325.0 kHz

Desensitization
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source Transmitter Power n/a 15 15 watts
2 Source Transmitter Power n/a 41.8 41.8 dBm
3 Transmitter-to-receiver isolation 48.0 48.0 48.0 dBm
4 In-band signal level at victim receiver input n/a -6.2 -6.2 dBm

5 Specified adjacent channel rejection for 
victim receiver

n/a 60.0 60.0 dB

6 Frequency offset at ACR specification n/a 100,000.0 100,000.0 Hz
7 Reference desired signal -87.0 -87.0 -87.0 dBm
8 Maximum permissible VHF Comm band 

signal
n/a -27.0 -27.0 dBm

9 Margin (+) or Deficit (-) n/a -20.8 -20.8 dBm
10 Channel Separation @ specified adjacent 

channel rejection
n/a 4 4 channels

11 Necessary total separation n/a 6.0 6.0 channels
12 Necessary total separation n/a 150.00 150.00 kHz  
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Table 5 DSB-AM Voice Interference Source, Light Aircraft, Same Side Antennas 
Source: DSB-AM High

Channel Separation 100,000.00 Hz
Aircraft type Light, same side
Emissions roll-off 5 dB/octave
IF Filter roll-off 36 dB/octave

Adjacent Channel 
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source off channel emissions n/a -76.9 -76.9 dBm
2 Transmitter-to-receiver isolation 20 20 20 dB

3 Source adj chan. emissions at victim 
receiver n/a -96.9 -96.9 dBm

4 Emissions bandwidth n/a 1 1 Hz

5 Interference Power or Power Spectral 
Density n/a -96.9 -96.9 dBm or 

dBm/Hz
6 Reference desired signal -87.0 -87.0 -87.0 dBm
7 Data Rate n/a 40.2 42.8 dB-Hz

8 Signal-to-noise Ratio Es/(N0+I0) or S/(N+I) 
or S/P n/a -30.3 -32.9 dB

9 Required Es/(N0+I0) or S/(S+I) or S/P 12 21.8 22 dB
10 Margin (+) or deficit (-) n/a -52.1 -54.9 dB
11 Specified Separation n/a 100,000.0 100,000.0 Hz

12 Maximum allowable interference n/a -149.4 -149.4 dBm or 
dBm/Hz

13 Necessary Separation n/a noise limited noise limited channels
14 Necessary Separation n/a noise limited noise limited kHz

Desensitization
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source Transmitter Power n/a 10 10 watts
2 Source Transmitter Power n/a 40.0 40.0 dBm
3 Transmitter-to-receiver isolation 20.0 20.0 20.0 dBm

4 In-band signal level at victim receiver input n/a 20.0 20.0 dBm

5 Specified adjacent channel rejection for 
victim receiver n/a 60.0 60.0 dB

6 Frequency offset at ACR specification n/a 100,000.0 100,000.0 Hz
7 Reference desired signal -87.0 -87.0 -87.0 dBm

8 Maximum permissible VHF Comm band 
signal n/a -27.0 -27.0 dBm

9 Margin (+) or Deficit (-) n/a -47.0 -47.0 dBm

10 Channel Separation @ specified adjacent 
channel rejection n/a 4 4 channels

11 Necessary total separation n/a 10.0 10.0 channels
12 Necessary total separation n/a 250.00 250.00 kHz
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Table 6 DSB-AM Voice Interference Source, Light Aircraft, Opposite Side 
Antennas 

Source: DSB-AM High

Channel Separation 100,000.00 Hz
Aircraft type Light, opposite side
Emissions roll-off 5 dB/octave
IF Filter roll-off 36 dB/octave

Adjacent Channel 
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source off channel emissions n/a -76.9 -76.9 dBm
2 Transmitter-to-receiver isolation 40 40 40 dB
3 Source adj chan. emissions at victim 

receiver
n/a -116.9 -116.9 dBm

4 Emissions bandwidth n/a 1 1 Hz
5 Interference Power or Power Spectral 

Density
n/a -116.9 -116.9 dBm or 

dBm/Hz
6 Reference desired signal -87.0 -87.0 -87.0 dBm
7 Data Rate n/a 40.2 42.8 dB-Hz
8 Signal-to-noise Ratio Es/(N0+I0) or S/(N+I) 

or S/P
n/a -10.3 -12.9 dB

9 Required Es/(N0+I0) or S/(S+I) or S/P 12 21.8 22 dB
10 Margin (+) or deficit (-) n/a -32.1 -34.9 dB
11 Specified Separation n/a 100,000.0 100,000.0 Hz
12 Maximum allowable interference n/a -149.4 -149.4 dBm or 

dBm/Hz
13 Necessary Separation n/a noise limited noise limited channels
14 Necessary Separation n/a noise limited noise limited kHz

Desensitization
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source Transmitter Power n/a 10 10 watts
2 Source Transmitter Power n/a 40.0 40.0 dBm
3 Transmitter-to-receiver isolation 40.0 40.0 40.0 dBm
4 In-band signal level at victim receiver input n/a 0.0 0.0 dBm

5 Specified adjacent channel rejection for 
victim receiver

n/a 60.0 60.0 dB

6 Frequency offset at ACR specification n/a 100,000.0 100,000.0 Hz
7 Reference desired signal -87.0 -87.0 -87.0 dBm
8 Maximum permissible VHF Comm band 

signal
n/a -27.0 -27.0 dBm

9 Margin (+) or Deficit (-) n/a -27.0 -27.0 dBm
10 Channel Separation @ specified adjacent 

channel rejection
n/a 4 4 channels

11 Necessary total separation n/a 7.0 7.0 channels
12 Necessary total separation n/a 175.00 175.00 kHz
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As expected, the same-side antenna locations are noise-limited, 
meaning that frequency separation, by itself, is not sufficient to reduce 
interference below the desired performance threshold.   When antennas 
are located on the opposite side of the aircraft, the isolation, while 
increased from the same-side case, is still insufficient to remove the noise 
limitation.  Thus, this analysis indicates that there is no acceptable 
frequency separation that will preclude some type of DSB-AM-on-VDL 
interference on light General Aviation aircraft.  Simply put, light aircraft 
are too small to permit simultaneous operation without interference. 

4.2 VDL Mode 4 as an Interference Source 

4.2.1 Large Aircraft 

Table 7 and Table 8 illustrate the case of an active VDL Mode 4 
transceiver acting as the interference source, with DSB-AM Voice and 
VDL Mode 2 receivers as the victims.  Table 7 and Table 8 illustrate the 
case of VHF communications antennas on the same side and opposite 
sides of a large air-transport category aircraft, respectively. The VDL 
Mode 4 transmitter is assumed to be an ED-108-compliant radio, 
operating at the maximum permitted transmitter power of 20 watts (43 
dBm).  A sensitivity analysis with respect to this transmitter power will be 
conducted later in Section 8.1 of this report.   

The analysis starts with the assumption of a four 25 kHz VHF 
channel spacing between the active VDL Mode 4 channel and other voice 
and data channels active on the same aircraft.  Interference is worse for 
more closely-spaced frequencies, and better for more widely spaced 
frequencies. 

The figure of merit for data-on-voice interference is the signal-to-
pulse (S/P) ratio, which is listed in item 9 of the DSB-AM column.  For the 
duration of the VDL Mode 4 transmit burst, the interference plus noise 
power presented to the DSB-AM receiver is as computed in the table.  
The ratio of this power to the received signal power of the DSB-AM signal 
is, in effect, the S/P ratio.  Thus, for this analysis, the S/(N+I) and S/P 
ratios are equivalent.  The value of 12 dB was selected based on recent 
testing, as reported to ICAO AMCP WG-B in August 2002 [9],  Item 10 of 
the Off-Channel  and Item 9 of Desensitization portions of Table 7 
indicates that the interference generated by the broadband noise output 
of a VDL Mode 4 transmitter will result in undesirable, and potentially 
unacceptable, levels of interference to the reception of DSB-AM voice 
when the DSB-AM and VDL Mode 4 antennas are on the same side of 
the aircraft.  As in the previous discussion, the indication of "noise limited" 
means that the interference is limited by the transmitter noise floor, and 
that no amount of separation (within the 118 - 137 MHz band) can 
mitigate the interference threat with the specified level of isolation.  The 
same items in Table 8 indicate that the situation is manageable when the 
antennas are located on opposite sides of the aircraft.  The estimates 
frequency separations of between 150 kHz and 750 kHz further indicate 
that proper channel selection may be a useful mitigation technique. 
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 Table 7 VDL Mode 4 Interference Source, Large Aircraft, Same Side Antennas 
Source: VDLM4

Channel Separation 100,000.00 Hz
Aircraft type Large, same side
Emissions roll-off 5 dB/octave
IF Filter roll-off 36 dB/octave

Adjacent Channel 
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source off channel emissions -38.0 -38.0 n/a dBm
2 Transmitter-to-receiver isolation 38 38 38 dB

3 Source adj chan. emissions at victim 
receiver -76.0 -76.0 n/a dBm

4 Emissions bandwidth 25000 25000 n/a Hz

5 Interference Power or Power Spectral 
Density -82.2 -120.0 n/a dBm or 

dBm/Hz
6 Reference desired signal -87.0 -87.0 -87.0 dBm
7 Data Rate n/a 40.2 42.8 dB-Hz

8 Signal-to-noise Ratio Es/(N0+I0) or S/(N+I) 
or S/P -4.8 -7.2 n/a dB

9 Required Es/(N0+I0) or S/(S+I) or S/P 12 21.8 22 dB
10 Margin (+) or deficit (-) -16.8 -29.0 n/a dB
11 Specified Separation 100,000.0 100,000.0 n/a Hz

12 Maximum allowable interference -111.6 -149.4 n/a dBm or 
dBm/Hz

13 Necessary Separation noise limited noise limited n/a channels
14 Necessary Separation noise limited noise limited n/a kHz

Desensitization
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source Transmitter Power 20 20 n/a watts
2 Source Transmitter Power 43.0 43.0 n/a dBm
3 Transmitter-to-receiver isolation 38.0 38.0 38.0 dBm

4 In-band signal level at victim receiver input 5.0 5.0 n/a dBm

5 Specified adjacent channel rejection for 
victim receiver 60.0 60.0 n/a dB

6 Frequency offset at ACR specification 7,370.0 100,000.0 n/a Hz
7 Reference desired signal -87.0 -87.0 -87.0 dBm

8 Maximum permissible VHF Comm band 
signal -27.0 -27.0 n/a dBm

9 Margin (+) or Deficit (-) -32.0 -32.0 n/a dBm

10 Channel Separation @ specified adjacent 
channel rejection 0.2948 4 n/a channels

11 Necessary total separation 1.0 8.0 n/a channels
12 Necessary total separation 25.00 200.00 n/a kHz  
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Table 8 VDL Mode 4 Interference Source, Large Aircraft, Opposite Side Antennas 
Source: VDLM4

Channel Separation 100,000.00 Hz
Aircraft type Large, opposite side
Emissions roll-off 5 dB/octave
IF Filter roll-off 36 dB/octave

Adjacent Channel 
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source off channel emissions -38.0 -38.0 n/a dBm
2 Transmitter-to-receiver isolation 53 53 53 dB

3 Source adj chan. emissions at victim 
receiver -91.0 -91.0 n/a dBm

4 Emissions bandwidth 25000 25000 n/a Hz

5 Interference Power or Power Spectral 
Density -97.2 -135.0 n/a dBm or 

dBm/Hz
6 Reference desired signal -87.0 -87.0 -87.0 dBm
7 Data Rate n/a 40.2 42.8 dB-Hz

8 Signal-to-noise Ratio Es/(N0+I0) or S/(N+I) 
or S/P 10.2 7.8 n/a dB

9 Required Es/(N0+I0) or S/(S+I) or S/P 12 21.8 22 dB
10 Margin (+) or deficit (-) -1.8 -14.0 n/a dB
11 Specified Separation 100,000.0 100,000.0 n/a Hz

12 Maximum allowable interference -111.6 -149.4 n/a dBm or 
dBm/Hz

13 Necessary Separation 6.0 29.0 n/a channels
14 Necessary Separation 150.0 725.0 n/a kHz

Desensitization
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source Transmitter Power 20 20 n/a watts
2 Source Transmitter Power 43.0 43.0 n/a dBm
3 Transmitter-to-receiver isolation 53.0 53.0 53.0 dBm

4 In-band signal level at victim receiver input -10.0 -10.0 n/a dBm

5 Specified adjacent channel rejection for 
victim receiver 60.0 60.0 n/a dB

6 Frequency offset at ACR specification 7,370.0 100,000.0 n/a Hz
7 Reference desired signal -87.0 -87.0 -87.0 dBm

8 Maximum permissible VHF Comm band 
signal -27.0 -27.0 n/a dBm

9 Margin (+) or Deficit (-) -17.0 -17.0 n/a dBm

10 Channel Separation @ specified adjacent 
channel rejection 0.2948 4 n/a channels

11 Necessary total separation 1.0 6.0 n/a channels
12 Necessary total separation 25.00 150.00 n/a kHz  
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VDL Mode 4-on-DSB-AM interference is likely to be even more 
significant than indicated in Table 7 and Table 8 because current DSB-
AM receivers operate significantly below the reference signal level of -87 
dBm used in the tables.  Current ARINC 750 and ARINC 716 class 
receivers typically provide usable voice communications to -107 dBm, 
making the interference effects 20 dB worse than indicated in Table 7 and 
Table 8. 

On the other hand, the bursty nature of both VDL Mode 4 and 
VDL Mode 2 transmissions indicate that VDL-on-VDL interference effects 
may be further mitigated by time-orthogonality considerations, even if the 
interference levels are not reduced from item 10 (Off-channel) and item 9 
(Desensitization) in Table 7 and Table 8.  The term "time-orthogonality" 
means that interference will not occur if the VDL Mode 4 transmit burst 
occurs during an time interval when no VDL Mode 2 ground-to-air 
transmission is present. In this case, although the VDL 4 emissions may 
affect the VDL Mode 2 receiver, there is no signal present to be corrupted 
and no interference exists.  This time-orthogonal or "burst-on-burst" 
interference is analyzed in Section 7. In general, there is a greater 
probability of interference if both the Mode 2 uplink and the Mode 4 
downlink traffic are regularly-spaced periodic transmissions.  Although 
this is likely to be the case for the Mode 4 downlink in surveillance 
applications, it is unlikely to be the case for Mode 2 uplink.  Similarly, 
Mode 4 communications data link (ATS and AOC) transmissions are 
unlikely to be regularly periodic in nature. The mitigating effects of 
considering such interference on a statistical basis have not been 
included in Table 7 and Table 8.   

4.2.2 Small Aircraft 

Table 9 and Table 10 provide the details of the Small aircraft 
interference analysis with VDL Mode 4 as the source transmitter and VDL 
Mode 2 and DSB-AM as the victims.  The earlier comments regarding 
potentially greater impact on DSB-AM due to significantly better sensitivity 
of the DSB-AM receivers reply here, as well.  As expected, with less 
physical isolation, the interference scenarios are all worst.  As with the 
large aircraft case, the transmitter noise floor is, once again, the limiting 
factor on interference performance.  For antennas on the opposite side of 
the fuselage, frequency separations of 257 kHz to 1.4 MHz may achieve 
the desired isolation.The earlier comments regarding possible mitigation 
of the operational impact of interference between the digital data links by 
considering the probabilistic nature of burst-on-burst interference are 
applicable to the Small aircraft applications as well. 

4.2.3 Light Aircraft 

Table 11 and Table 12 provide the details of the Light aircraft 
interference analysis with VDL Mode 4 as the source transmitter and VDL 
Mode 2 and DSB-AM as the victims.  The earlier comments regarding 
potentially greater impact on DSB-AM due to significantly better sensitivity 
of the DSB-AM receivers reply here, as well.  As expected, with less  
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Table 9 VDL Mode 4 Interference Source, Small Aircraft, Same Side Antennas 
Source: VDLM4

Channel Separation 100,000.00 Hz
Aircraft type Small, same side
Emissions roll-off 5 dB/octave
IF Filter roll-off 36 dB/octave

Adjacent Channel 
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source off channel emissions -38.0 -38.0 n/a dBm
2 Transmitter-to-receiver isolation 22 22 22 dB

3 Source adj chan. emissions at victim 
receiver -60.0 -60.0 n/a dBm

4 Emissions bandwidth 25000 25000 n/a Hz

5 Interference Power or Power Spectral 
Density -66.2 -104.0 n/a dBm or 

dBm/Hz
6 Reference desired signal -87.0 -87.0 -87.0 dBm
7 Data Rate n/a 40.2 42.8 dB-Hz

8 Signal-to-noise Ratio Es/(N0+I0) or S/(N+I) 
or S/P -20.8 -23.2 n/a dB

9 Required Es/(N0+I0) or S/(S+I) or S/P 12 21.8 22 dB
10 Margin (+) or deficit (-) -32.8 -45.0 n/a dB
11 Specified Separation 100,000.0 100,000.0 n/a Hz

12 Maximum allowable interference -111.6 -149.4 n/a dBm or 
dBm/Hz

13 Necessary Separation noise limited noise limited n/a channels
14 Necessary Separation noise limited noise limited n/a kHz

Desensitization
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source Transmitter Power 10 10 n/a watts
2 Source Transmitter Power 40.0 40.0 n/a dBm
3 Transmitter-to-receiver isolation 22.0 22.0 22.0 dBm

4 In-band signal level at victim receiver input 18.0 18.0 n/a dBm

5 Specified adjacent channel rejection for 
victim receiver 60.0 60.0 n/a dB

6 Frequency offset at ACR specification 7,370.0 100,000.0 n/a Hz
7 Reference desired signal -87.0 -87.0 -87.0 dBm

8 Maximum permissible VHF Comm band 
signal -27.0 -27.0 n/a dBm

9 Margin (+) or Deficit (-) -45.0 -45.0 n/a dBm

10 Channel Separation @ specified adjacent 
channel rejection 0.2948 4 n/a channels

11 Necessary total separation 1.0 10.0 n/a channels
12 Necessary total separation 25.00 250.00 n/a kHz  
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Table 10 VDL Mode 4 Interference Source, Small Aircraft, Opposite Side Antennas 
Source: VDLM4

Channel Separation 100,000.00 Hz
Aircraft type Small, opposite side
Emissions roll-off 5 dB/octave
IF Filter roll-off 36 dB/octave

Adjacent Channel 
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source off channel emissions -38.0 -38.0 n/a dBm
2 Transmitter-to-receiver isolation 48 48 48 dB

3 Source adj chan. emissions at victim 
receiver -86.0 -86.0 n/a dBm

4 Emissions bandwidth 25000 25000 n/a Hz

5 Interference Power or Power Spectral 
Density -92.2 -130.0 n/a dBm or 

dBm/Hz
6 Reference desired signal -87.0 -87.0 -87.0 dBm
7 Data Rate n/a 40.2 42.8 dB-Hz

8 Signal-to-noise Ratio Es/(N0+I0) or S/(N+I) 
or S/P 5.2 2.8 n/a dB

9 Required Es/(N0+I0) or S/(S+I) or S/P 12 21.8 22 dB
10 Margin (+) or deficit (-) -6.8 -19.0 n/a dB
11 Specified Separation 100,000.0 100,000.0 n/a Hz

12 Maximum allowable interference -111.6 -149.4 n/a dBm or 
dBm/Hz

13 Necessary Separation 11.0 57.0 n/a channels
14 Necessary Separation 275.0 1,425.0 n/a kHz

Desensitization
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source Transmitter Power 10 10 n/a watts
2 Source Transmitter Power 40.0 40.0 n/a dBm
3 Transmitter-to-receiver isolation 48.0 48.0 48.0 dBm

4 In-band signal level at victim receiver input -8.0 -8.0 n/a dBm

5 Specified adjacent channel rejection for 
victim receiver 60.0 60.0 n/a dB

6 Frequency offset at ACR specification 7,370.0 100,000.0 n/a Hz
7 Reference desired signal -87.0 -87.0 -87.0 dBm

8 Maximum permissible VHF Comm band 
signal -27.0 -27.0 n/a dBm

9 Margin (+) or Deficit (-) -19.0 -19.0 n/a dBm

10 Channel Separation @ specified adjacent 
channel rejection 0.2948 4 n/a channels

11 Necessary total separation 1.0 6.0 n/a channels
12 Necessary total separation 25.00 150.00 n/a kHz  
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Table 11 VDL Mode 4 Interference Source, Light Aircraft, Same Side Antennas 
Source: VDLM4

Channel Separation 100,000.00 Hz
Aircraft type Light, same side
Emissions roll-off 5 dB/octave
IF Filter roll-off 36 dB/octave

Adjacent Channel 
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source off channel emissions -38.0 -38.0 n/a dBm
2 Transmitter-to-receiver isolation 20 20 20 dB

3 Source adj chan. emissions at victim 
receiver -58.0 -58.0 n/a dBm

4 Emissions bandwidth 25000 25000 n/a Hz

5 Interference Power or Power Spectral 
Density -64.2 -102.0 n/a dBm or 

dBm/Hz
6 Reference desired signal -87.0 -87.0 -87.0 dBm
7 Data Rate n/a 40.2 42.8 dB-Hz

8 Signal-to-noise Ratio Es/(N0+I0) or S/(N+I) 
or S/P -22.8 -25.2 n/a dB

9 Required Es/(N0+I0) or S/(S+I) or S/P 12 21.8 22 dB
10 Margin (+) or deficit (-) -34.8 -47.0 n/a dB
11 Specified Separation 100,000.0 100,000.0 n/a Hz

12 Maximum allowable interference -111.6 -149.4 n/a dBm or 
dBm/Hz

13 Necessary Separation noise limited noise limited n/a channels
14 Necessary Separation noise limited noise limited n/a kHz

Desensitization
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source Transmitter Power 5 5 n/a watts
2 Source Transmitter Power 37.0 37.0 n/a dBm
3 Transmitter-to-receiver isolation 20.0 20.0 20.0 dBm

4 In-band signal level at victim receiver input 17.0 17.0 n/a dBm

5 Specified adjacent channel rejection for 
victim receiver 60.0 60.0 n/a dB

6 Frequency offset at ACR specification 7,370.0 100,000.0 n/a Hz
7 Reference desired signal -87.0 -87.0 -87.0 dBm

8 Maximum permissible VHF Comm band 
signal -27.0 -27.0 n/a dBm

9 Margin (+) or Deficit (-) -44.0 -44.0 n/a dBm

10 Channel Separation @ specified adjacent 
channel rejection 0.2948 4 n/a channels

11 Necessary total separation 1.0 10.0 n/a channels
12 Necessary total separation 25.00 250.00 n/a kHz  
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Table 12 VDL Mode 4 Interference Source, Light Aircraft, Opposite Side Antennas 
Source: VDLM4

Channel Separation 100,000.00 Hz
Aircraft type Light, opposite side
Emissions roll-off 5 dB/octave
IF Filter roll-off 36 dB/octave

Adjacent Channel 
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source off channel emissions -38.0 -38.0 n/a dBm
2 Transmitter-to-receiver isolation 40 40 40 dB

3 Source adj chan. emissions at victim 
receiver -78.0 -78.0 n/a dBm

4 Emissions bandwidth 25000 25000 n/a Hz

5 Interference Power or Power Spectral 
Density -84.2 -122.0 n/a dBm or 

dBm/Hz
6 Reference desired signal -87.0 -87.0 -87.0 dBm
7 Data Rate n/a 40.2 42.8 dB-Hz

8 Signal-to-noise Ratio Es/(N0+I0) or S/(N+I) 
or S/P -2.8 -5.2 n/a dB

9 Required Es/(N0+I0) or S/(S+I) or S/P 12 21.8 22 dB
10 Margin (+) or deficit (-) -14.8 -27.0 n/a dB
11 Specified Separation 100,000.0 100,000.0 n/a Hz

12 Maximum allowable interference -111.6 -149.4 n/a dBm or 
dBm/Hz

13 Necessary Separation noise limited noise limited n/a channels
14 Necessary Separation noise limited noise limited n/a kHz

Desensitization
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source Transmitter Power 5 5 n/a watts
2 Source Transmitter Power 37.0 37.0 n/a dBm
3 Transmitter-to-receiver isolation 40.0 40.0 40.0 dBm

4 In-band signal level at victim receiver input -3.0 -3.0 n/a dBm

5 Specified adjacent channel rejection for 
victim receiver 60.0 60.0 n/a dB

6 Frequency offset at ACR specification 7,370.0 100,000.0 n/a Hz
7 Reference desired signal -87.0 -87.0 -87.0 dBm

8 Maximum permissible VHF Comm band 
signal -27.0 -27.0 n/a dBm

9 Margin (+) or Deficit (-) -24.0 -24.0 n/a dBm

10 Channel Separation @ specified adjacent 
channel rejection 0.2948 4 n/a channels

11 Necessary total separation 1.0 7.0 n/a channels
12 Necessary total separation 25.00 175.00 n/a kHz
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physical isolation, the interference scenarios are all worst.  The 
transmitter noise floor is, once again, the limiting factor on interference 
performance.  The earlier comments regarding possible mitigation of the 
operational impact of interference between the digital data links by 
considering the probabilistic nature of burst-on-burst interference are 
applicable to the Light aircraft applications as well. 

4.3 VDL Mode 2 as an Interference Source 

4.3.1 Large Aircraft 

Table 13 and Table 14 consider the case of a VDL Mode 2 
transmitter and DSB-AM and VDL Mode 4 receivers.  The analysis results 
are very similar to those presented in Table 7 and Table 8 for a VDL 
Mode 4 transmitter, and the same conclusions can generally be drawn. 

It is important that these conclusions be drawn, as they affect the 
baseline configuration of the aircraft prior to installation of VDL Mode 4 
capability.  Because of the potential for VDL Mode 2 interference into 
DSB-AM reception, and because VDL Mode 2 implementation will lead 
VDL Mode 4 implementation on many platforms, it is likely that existing 
installations with both VDL Mode 2 and DSB-AM capabilities will already 
have taken advantage of the maximum isolation between VHF antennas.  
Therefore, to the extent that VDL Mode 4 is an additional capability, 
achieving the higher isolation values implied by Table 14 may be difficult.   
Likewise, channel assignment becomes more complex if the 
management problem seeks to separate not only DSB-AM and VDL 
Mode 2 but also to ensure separation between DSB-AM and VDL Mode 4 
and VDL Mode 2 and VDL Mode 4. 

A S/P of 6 dB is generally accepted as sufficient for VDL Mode 2 
operations, and this value has been used in the tables.  This value is 
principally based on the use of VDL Mode 2 for low loading (AOC and 
some ATC applications), however, it is possible that intensive use of VDL 
Mode 2 for ATC applications, with the attendant higher channels loads, 
may require a larger S/P ratio.  Testing performed in the United States, 
but not yet publicly released, indicates that the ACR specified in the 
various MOPS is only marginally sufficient to protect DSB-AM from 
interference that is unacceptable to the human end-user (i.e., pilots and 
controllers.)  If these preliminary results are sustained in further review 
and test, Table 13 and Table 14 will be considered optimistic, that is, the 
true interference environment will be worse. 

Table 13 indicates that even on large aircraft the isolation between 
data an voice antennas on the same side of the aircraft may not be 
sufficient to completely mitigate interference, no matter what frequency 
separation is used within the VHF communications band.  This is exactly 
equivalent to the VDL Mode 4 case reported in Table 7, and is a result of 
nearly identical off-channel emissions requirements on VDL Mode 4 [2] 
and VDL Mode 2 [5] transmitters.  Table 14 indicates that Mode 2-on-  
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Table 13 VDL Mode 2 Interference Source, Large Aircraft, Same Side Antennas 

Source: VDLM2

Channel Separation 100,000.00 Hz
Aircraft type Large, same side
Emissions roll-off 5 dB/octave
IF Filter roll-off 36 dB/octave

Adjacent Channel 
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source off channel emissions -38.0 n/a -38.0 dBm
2 Transmitter-to-receiver isolation 38 38 38 dB

3 Source adj chan. emissions at victim 
receiver -76.0 n/a -76.0 dBm

4 Emissions bandwidth 25000 n/a 25000 Hz

5 Interference Power or Power Spectral 
Density -82.2 n/a -120.0 dBm or 

dBm/Hz
6 Reference desired signal -87.0 -87.0 -87.0 dBm
7 Data Rate n/a 40.2 42.8 dB-Hz

8 Signal-to-noise Ratio Es/(N0+I0) or S/(N+I) 
or S/P -4.8 n/a -9.9 dB

9 Required Es/(N0+I0) or S/(S+I) or S/P 6 21.8 22 dB
10 Margin (+) or deficit (-) -10.8 n/a -31.9 dB
11 Specified Separation 100,000.0 n/a 100,000.0 Hz

12 Maximum allowable interference -111.6 n/a -149.4 dBm or 
dBm/Hz

13 Necessary Separation noise limited n/a noise limited channels
14 Necessary Separation noise limited n/a noise limited kHz

Desensitization
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source Transmitter Power 16 n/a 16 watts
2 Source Transmitter Power 42.0 n/a 42.0 dBm
3 Transmitter-to-receiver isolation 38.0 38.0 38.0 dBm

4 In-band signal level at victim receiver input 4.0 n/a 4.0 dBm

5 Specified adjacent channel rejection for 
victim receiver 60.0 n/a 60.0 dB

6 Frequency offset at ACR specification 7,370.0 n/a 100,000.0 Hz
7 Reference desired signal -87.0 -87.0 -87.0 dBm

8 Maximum permissible VHF Comm band 
signal -27.0 n/a -27.0 dBm

9 Margin (+) or Deficit (-) -31.0 n/a -31.0 dBm

10 Channel Separation @ specified adjacent 
channel rejection 0.2948 n/a 4 channels

11 Necessary total separation 1.0 n/a 8.0 channels
12 Necessary total separation 25.00 n/a 200.00 kHz  
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Table 14 VDL Mode 2 Interference Source, Large Aircraft, Opposite Side Antennas 
Source: VDLM2

Channel Separation 100,000.00 Hz
Aircraft type Large, opposite side
Emissions roll-off 5 dB/octave
IF Filter roll-off 36 dB/octave

Adjacent Channel 
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source off channel emissions -38.0 n/a -38.0 dBm
2 Transmitter-to-receiver isolation 53 53 53 dB

3 Source adj chan. emissions at victim 
receiver -91.0 n/a -91.0 dBm

4 Emissions bandwidth 25000 n/a 25000 Hz

5 Interference Power or Power Spectral 
Density -97.2 n/a -135.0 dBm or 

dBm/Hz
6 Reference desired signal -87.0 -87.0 -87.0 dBm
7 Data Rate n/a 40.2 42.8 dB-Hz

8 Signal-to-noise Ratio Es/(N0+I0) or S/(N+I) 
or S/P 10.2 n/a 5.1 dB

9 Required Es/(N0+I0) or S/(S+I) or S/P 6 21.8 22 dB
10 Margin (+) or deficit (-) 4.2 n/a -16.9 dB
11 Specified Separation 100,000.0 n/a 100,000.0 Hz
12 Maximum allowable interference -111.6 n/a -149.4 dBm/Hz
13 Necessary Separation 3.0 n/a 42.0 channels
14 Necessary Separation 75.0 n/a 1,050.0 kHz

Desensitization
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source Transmitter Power 16 n/a 16 watts
2 Source Transmitter Power 42.0 n/a 42.0 dBm
3 Transmitter-to-receiver isolation 53.0 53.0 53.0 dBm

4 In-band signal level at victim receiver input -11.0 n/a -11.0 dBm

5 Specified adjacent channel rejection for 
victim receiver 60.0 n/a 60.0 dB

6 Frequency offset at ACR specification 7,370.0 n/a 100,000.0 Hz
7 Reference desired signal -87.0 -87.0 -87.0 dBm

8 Maximum permissible VHF Comm band 
signal -27.0 n/a -27.0 dBm

9 Margin (+) or Deficit (-) -16.0 n/a -16.0 dBm

10 Channel Separation @ specified adjacent 
channel rejection 0.2948 n/a 4 channels

11 Necessary total separation 1.0 n/a 6.0 channels
12 Necessary total separation 25.00 n/a 150.00 kHz  
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DSB-AM interference may be controllable by using antennas on opposite 
sides of the aircraft.  As in the VDL Mode 4 case, however, this is an 
optimistic indication, as the -87 dBm reference signal level on which the 
interference analysis is based is 20 dB greater than the -107 dBm 
generally achieved by high-quality DSB-AM radios currently in the 
inventory. 

The comments made in Section 4.2 regarding time-orthogonal or 
burst-on-burst interference apply to this interference case, as well.  The 
mitigating effects of considering such interference on a statistical basis 
have not been included in Table 13 and Table 14. 

4.3.2 Small Aircraft 

The analysis is repeated for the Small aircraft class in Table 15 
and Table 16, with a VDL Mode 2 transmitter as the source and VDL 
Mode 4 and DSB-AM receivers on the same aircraft as victims.  With 
smaller aircraft, the physical separation between VHF antennas must be 
smaller and, therefore, the achievable isolation must also be less.  The 
isolation values used in Table 15 and Table 16 are based on measured 
values on a Citation V, which are typical of the class in general.  The 
earlier comments regarding potentially greater impact on DSB-AM due to 
significantly better sensitivity of the DSB-AM receivers reply here, as well.  
As with the large aircraft case, the transmitter noise floor is, once again, 
the limiting factor on interference performance.  For antennas located on 
opposite sides of fuselage, frequency separations of 125 kHz to 2 MHz 
may be sufficient to mitigate the effects of interference.  The earlier 
comments regarding possible mitigation of the operational impact of 
interference between the digital data links by considering the probabilistic 
nature of burst-on-burst interference are applicable to the Small aircraft 
applications as well. 

4.3.3 Light Aircraft 

Table 17 and Table 18 provide the details of the Light aircraft 
interference analysis with VDL Mode 4 as the source transmitter and VDL 
Mode 2 and DSB-AM as the victims.  The earlier comments regarding 
potentially greater impact on DSB-AM due to significantly better sensitivity 
of the DSB-AM receivers reply here, as well.  As expected, with less 
physical isolation, the interference scenarios are all worst.  As with the 
large aircraft case, the transmitter noise floor is, once again, the limiting 
factor on interference performance.  The earlier comments regarding 
possible mitigation of the operational impact of interference between the 
digital data links by considering the probabilistic nature of burst-on-burst 
interference are applicable to the Light aircraft applications as well. 
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Table 15 VDL Mode 2 Interference Source, Small  Aircraft, Same Side Antennas 

Source: VDLM2

Channel Separation 100,000.00 Hz
Aircraft type Small, same side
Emissions roll-off 5 dB/octave
IF Filter roll-off 36 dB/octave

Adjacent Channel 
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source off channel emissions -38.0 n/a -38.0 dBm
2 Transmitter-to-receiver isolation 22 22 22 dB

3 Source adj chan. emissions at victim 
receiver -60.0 n/a -60.0 dBm

4 Emissions bandwidth 25000 n/a 25000 Hz

5 Interference Power or Power Spectral 
Density -66.2 n/a -104.0 dBm or 

dBm/Hz
6 Reference desired signal -87.0 -87.0 -87.0 dBm
7 Data Rate n/a 40.2 42.8 dB-Hz

8 Signal-to-noise Ratio Es/(N0+I0) or S/(N+I) 
or S/P -20.8 n/a -25.9 dB

9 Required Es/(N0+I0) or S/(S+I) or S/P 6 21.8 22 dB
10 Margin (+) or deficit (-) -26.8 n/a -47.9 dB
11 Specified Separation 100,000.0 n/a 100,000.0 Hz

12 Maximum allowable interference -111.6 n/a -149.4 dBm or 
dBm/Hz

13 Necessary Separation noise limited n/a noise limited channels
14 Necessary Separation noise limited n/a noise limited kHz

Desensitization
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source Transmitter Power 16 n/a 16 watts
2 Source Transmitter Power 42.0 n/a 42.0 dBm
3 Transmitter-to-receiver isolation 22.0 22.0 22.0 dBm

4 In-band signal level at victim receiver input 20.0 n/a 20.0 dBm

5 Specified adjacent channel rejection for 
victim receiver 60.0 n/a 60.0 dB

6 Frequency offset at ACR specification 7,370.0 n/a 100,000.0 Hz
7 Reference desired signal -87.0 -87.0 -87.0 dBm

8 Maximum permissible VHF Comm band 
signal -27.0 n/a -27.0 dBm

9 Margin (+) or Deficit (-) -47.0 n/a -47.0 dBm

10 Channel Separation @ specified adjacent 
channel rejection 0.2948 n/a 4 channels

11 Necessary total separation 1.0 n/a 10.0 channels
12 Necessary total separation 25.00 n/a 250.00 kHz  
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Table 16 VDL Mode 2 Interference Source, Small Aircraft, Opposite Side Antennas 

Source: VDLM2

Channel Separation 100,000.00 Hz
Aircraft type Small, opposite side
Emissions roll-off 5 dB/octave
IF Filter roll-off 36 dB/octave

Adjacent Channel 
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source off channel emissions -38.0 n/a -38.0 dBm
2 Transmitter-to-receiver isolation 48 48 48 dB

3 Source adj chan. emissions at victim 
receiver -86.0 n/a -86.0 dBm

4 Emissions bandwidth 25000 n/a 25000 Hz

5 Interference Power or Power Spectral 
Density -92.2 n/a -130.0 dBm or 

dBm/Hz
6 Reference desired signal -87.0 -87.0 -87.0 dBm
7 Data Rate n/a 40.2 42.8 dB-Hz

8 Signal-to-noise Ratio Es/(N0+I0) or S/(N+I) 
or S/P 5.2 n/a 0.1 dB

9 Required Es/(N0+I0) or S/(S+I) or S/P 6 21.8 22 dB
10 Margin (+) or deficit (-) -0.8 n/a -21.9 dB
11 Specified Separation 100,000.0 n/a 100,000.0 Hz
12 Maximum allowable interference -111.6 n/a -149.4 dBm/Hz
13 Necessary Separation 5.0 n/a 83.0 channels
14 Necessary Separation 125.0 n/a 2,075.0 kHz

Desensitization
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source Transmitter Power 16 n/a 16 watts
2 Source Transmitter Power 42.0 n/a 42.0 dBm
3 Transmitter-to-receiver isolation 48.0 48.0 48.0 dBm

4 In-band signal level at victim receiver input -6.0 n/a -6.0 dBm

5 Specified adjacent channel rejection for 
victim receiver 60.0 n/a 60.0 dB

6 Frequency offset at ACR specification 7,370.0 n/a 100,000.0 Hz
7 Reference desired signal -87.0 -87.0 -87.0 dBm

8 Maximum permissible VHF Comm band 
signal -27.0 n/a -27.0 dBm

9 Margin (+) or Deficit (-) -21.0 n/a -21.0 dBm

10 Channel Separation @ specified adjacent 
channel rejection 0.2948 n/a 4 channels

11 Necessary total separation 1.0 n/a 6.0 channels
12 Necessary total separation 25.00 n/a 150.00 kHz  
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Table 17 VDL Mode 2 Interference Source, Light  Aircraft, Same Side Antennas 

Source: VDLM2

Channel Separation 100,000.00 Hz
Aircraft type Light, same side
Emissions roll-off 5 dB/octave
IF Filter roll-off 36 dB/octave

Adjacent Channel 
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source off channel emissions -38.0 n/a -38.0 dBm
2 Transmitter-to-receiver isolation 20 20 20 dB

3 Source adj chan. emissions at victim 
receiver -58.0 n/a -58.0 dBm

4 Emissions bandwidth 25000 n/a 25000 Hz

5 Interference Power or Power Spectral 
Density -64.2 n/a -102.0 dBm or 

dBm/Hz
6 Reference desired signal -87.0 -87.0 -87.0 dBm
7 Data Rate n/a 40.2 42.8 dB-Hz

8 Signal-to-noise Ratio Es/(N0+I0) or S/(N+I) 
or S/P -22.8 n/a -27.9 dB

9 Required Es/(N0+I0) or S/(S+I) or S/P 6 21.8 22 dB
10 Margin (+) or deficit (-) -28.8 n/a -49.9 dB
11 Specified Separation 100,000.0 n/a 100,000.0 Hz

12 Maximum allowable interference -111.6 n/a -149.4 dBm or 
dBm/Hz

13 Necessary Separation noise limited n/a noise limited channels
14 Necessary Separation noise limited n/a noise limited kHz

Desensitization
Victim System

DSB-AM High VDLM2 VDLM4 Units
1 Source Transmitter Power 16 n/a 16 watts
2 Source Transmitter Power 42.0 n/a 42.0 dBm
3 Transmitter-to-receiver isolation 20.0 20.0 20.0 dBm

4 In-band signal level at victim receiver input 22.0 n/a 22.0 dBm

5 Specified adjacent channel rejection for 
victim receiver 60.0 n/a 60.0 dB

6 Frequency offset at ACR specification 7,370.0 n/a 100,000.0 Hz
7 Reference desired signal -87.0 -87.0 -87.0 dBm

8 Maximum permissible VHF Comm band 
signal -27.0 n/a -27.0 dBm

9 Margin (+) or Deficit (-) -49.0 n/a -49.0 dBm

10 Channel Separation @ specified adjacent 
channel rejection 0.2948 n/a 4 channels

11 Necessary total separation 1.0 n/a 11.0 channels
12 Necessary total separation 25.00 n/a 275.00 kHz  
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Table 18 VDL Mode 2 Interference Source, Light Aircraft, Opposite Side Antennas 
Source: VDLM2

Channel Separation 100,000.00 Hz
Aircraft type Light, opposite side
Emissions roll-off 5 dB/octave
IF Filter roll-off 36 dB/octave

Adjacent Channel 
Victim System

DSB-AM High VDLM2 VDLM4 Units
Source off channel emissions -38.0 n/a -38.0 dBm
Transmitter-to-receiver isolation 40 40 40 dB
Source adj chan. emissions at victim 
receiver -78.0 n/a -78.0 dBm

Emissions bandwidth 25000 n/a 25000 Hz
Interference Power or Power Spectral 
Density -84.2 n/a -122.0 dBm or 

dBm/Hz
Reference desired signal -87.0 -87.0 -87.0 dBm
Data Rate n/a 40.2 42.8 dB-Hz
Signal-to-noise Ratio Es/(N0+I0) or S/(N+I) 
or S/P -2.8 n/a -7.9 dB

Required Es/(N0+I0) or S/(S+I) or S/P 6 21.8 22 dB
Margin (+) or deficit (-) -8.8 n/a -29.9 dB
Specified Separation 100,000.0 n/a 100,000.0 Hz
Maximum allowable interference -111.6 n/a -149.4 dBm/Hz
Necessary Separation noise limited n/a noise limited channels
Necessary Separation noise limited n/a noise limited kHz

Desensitization
Victim System

DSB-AM High VDLM2 VDLM4 Units
Source Transmitter Power 16 n/a 16 watts
Source Transmitter Power 42.0 n/a 42.0 dBm
Transmitter-to-receiver isolation 40.0 40.0 40.0 dBm

In-band signal level at victim receiver input 2.0 n/a 2.0 dBm

Specified adjacent channel rejection for 
victim receiver 60.0 n/a 60.0 dB

Frequency offset at ACR specification 7,370.0 n/a 100,000.0 Hz
Reference desired signal -87.0 -87.0 -87.0 dBm
Maximum permissible VHF Comm band 
signal -27.0 n/a -27.0 dBm

Margin (+) or Deficit (-) -29.0 n/a -29.0 dBm
Channel Separation @ specified adjacent 
channel rejection 0.2948 n/a 4 channels

Necessary total separation 1.0 n/a 7.0 channels
Necessary total separation 25.00 n/a 175.00 kHz  
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4.4 VHF-on-VHF Downlink Interference 

The previous sections of this report have been concerned with the 
issue of a relatively high power downlink (air-to-ground or air-to-air) 
transmission from a particular aircraft interfering with the proper reception 
and processing of an uplink (ground-to-air or air-to-air) transmission to 
that aircraft.  The downlink-on-downlink interference issue also must be 
addressed.   

There are two downlink-on-downlink cases to consider.  First, 
transmissions of one VHF radio may interfere with simultaneous 
transmissions of another VHF radio on the same aircraft.  That is, 
simultaneous transmissions of DSB-AM voice and any VDL (of whatever 
type) could cause either the voice or data transmission to be corrupted at 
the intended receiver.  Assuming that both transmissions do not use the 
same VHF frequency, the transmitter emissions requirements for all of the 
systems are sufficient to assure that this is not a significant issue.   

The second case occurs when a transmission from one aircraft 
interferes with the reception of a message at a nearby aircraft.  There are 
three sub-cases to consider here:  aircraft parked at the gate, aircraft on 
the airport surface but not parked at the gate, and aircraft in proximate 
airspace.  For aircraft on the airport surface, either at the gate or on the 
ramps, taxiways, and runways, minimum separations will be in the range 
of 100 feet to 500 feet, leading to free-space losses on the order of 43.5 
dB to 57.5 dB.  These free-space losses are close to those used in the 
interference budgets of the previous sections, therefore the effects will be 
similar to those noted earlier in Section 4.3.   The conclusion is that, on 
the airport surface, VHF-on-VHF interference between aircraft may occur.  
Uncertainties include "excess path loss" due to the complex ramp 
environment.  Spatial diversity and adaptive null-steering techniques 
could possibly reduce the aircraft-to-aircraft effects for aircraft on the 
ground, at the cost of additional antennas, hardware, and interconnection 
complexity on the aircraft.  Null-steering is suggested in [10]. 

For aircraft in flight, the 21/ R  characteristics of propagation loss 
gradually reduce the problem to the point of irrelevance.  At 1000 feet, 
free space losses are 63.5 dB, at one nautical mile, 80 dB.   

In general, therefore, the interference-induced limitations are 
those established by the same-aircraft analysis presented in the previous 
sections of this report. 

5 INTERFERENCE TO OTHER VHF SYSTEMS 

Given the baseline aircraft equipment established by [8], potential 
interference to guidance systems operating in, or near, the VHF 
communications band must also be considered.  For the purposes of this 
report, we will consider the Instrument Landing System (ILS) Glideslope 
function (328-334 MHz), ILS Localizer (108.1-111.95 MHz), VOR (108 
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MHz - 117.95 MHz).  As an indication of potential future issues, we will 
also consider the VHF Data Broadcast element .  This system, which is 
also known by its ICAO terminology of Ground Based Augmentation 
System (GBAS), is another VHF data link that provides differential 
corrections to GPS signals to allow use in precision landing operations.   

The mechanisms and procedures for assessing the interference to 
ILS GS, ILS LOC and VOR are not well defined.  These systems provide 
analog guidance information directly without digital communications, 
therefore, the simple 0/SE N  figure of merit used for assessing the 
performance of digital communications systems is not applicable.  The 
assessment of interference in such systems is a complicated matter that 
must include consideration of the magnitude of the navigation error 
resulting from any interference.  Such an analysis has recently been 
completed with regards to issues regarding the licensing of ultra- 
wideband (UWB) devices in the United States.  The FAA Spectrum office 
and NTIA have carefully analyzed the operation of the systems.  The 
interference analysis shown in Table 19, Table 20, and Table 21 uses the 
equations developed in the FAA analysis as a basis for assessing the 
interference effects on the various guidance signals. 

The VDB system is another VHF data system.  Like VDL Mode 2, 
it uses differential eight-phase shift keying (D8PSK) and, like VDL Mode 
4, it uses a time-division multiplexed signal format. Unlike VDL Mode 4, 
VDB has no self-organizing properties.  An aircraft installation consists on 
the VDB receiver only, therefore, like the analog guidance systems 
discussed above, we need only consider VDB as a victim system. 

The interference analysis for VOR, ILS LOC, VDB and ILS GS is 
shown in Table 19, Table 20, and Table 21 uses the equations developed 
in the FAA .  The antenna isolation values given in item 2 (Off-channel) 
and item 3 (Desensitization) are based on [11].  The isolation values 
include the effects of cross-polarization between vertically polarized VDL 
Mode 4 transmissions and reception horizontally polarized VOR, LOC, 
and VDB receptions.  The large isolation for GS is due to the 
approximately 200 MHz separation in frequency between the VDL Mode 
4 transmissions and the GS signal-in-space.  For Small and Light aircraft, 
the isolation is based on measured values taken from Citation V and 
Cherokee 6 installations, respectively. 
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Table 19 VDL Mode 4 Interference Source, Guidance System Victims, Large 
Aircraft 

Source: VDLM4

Channel Separation 100,000 Hz
Aircraft type Large
Emissions roll-off 5 dB/octave
IF Filter roll-off 36 dB/octave

Adjacent Channel 
Victim System

VOR LOC VDB GS Units
1 Source off channel emissions -38.0 -38.0 -38.0 -38.0 dBm
2 Transmitter-to-receiver isolation 60 60 60 80 dB

3 Source adj chan. emissions at victim 
receiver -98.0 -98.0 -98.0 -118.0 dBm

4 Emissions bandwidth 25000 25000 25000 25000 Hz

5 Interference Power or Power Spectral 
Density -142.0 -142.0 -142.0 -162.0 dBm/Hz

6 Allowable Interference PSD -120.2 -122.3 -149.0 -104.5 dBm/Hz
7 Margin (+) or deficit (-) 21.8 19.7 -7.0 57.5 dB
8 Specified Separation 100,000.0 100,000.0 100,000.0 n/a Hz
9 Necessary Separation 1.0 1.0 11.0 n/a channels

10 Necessary Separation 25.0 25.0 275.0 n/a kHz

Desensitization
Victim System

VOR LOC VDB GS Units
1 Source Transmitter Power 20 20 20 20 watts
2 Source Transmitter Power 43.0 43.0 43.0 43.0 dBm
3 Transmitter-to-receiver isolation 60 60 60 80 dBm

4 In-band signal level at victim receiver input -17.0 -17.0 -17.0 -37.0 dBm

5 Specified adjacent channel rejection for 
victim receiver 60.0 60.0 46.0 60.0 dB

6 Frequency offset at ACR specification 42,000.0 42,000.0 75,000.0  out of band Hz
7 Reference desired signal -79.0 -86.0 -87.0 -76.0 dBm

8 Maximum permissible VHF Comm band 
signal -19.0 -26.0 -41.0 -16.0 dBm

9 Margin (+) or Deficit (-) -2.0 -9.0 -24.0 21.0 dBm

10 Channel Separation @ specified adjacent 
channel rejection 1.68 1.68 3 n/a channels

11 Necessary total separation 2.0 2.0 5.0 n/a channels
12 Necessary total separation 50.00 50.00 125.00 n/a kHz
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Table 20 VDL Mode 4 Interference Source, Guidance System Victims, Small 

Aircraft 
Source: VDLM4

Channel Separation 100,000 Hz
Aircraft type Small
Emissions roll-off 5 dB/octave
IF Filter roll-off 36 dB/octave

Adjacent Channel 
Victim System

VOR LOC VDB GS Units
1 Source off channel emissions -38.0 -38.0 -38.0 -38.0 dBm
2 Port-to-Port isolation 40 40 40 65 dB

3 Source adj chan. emissions at 
victim receiver -78.0 -78.0 -78.0 -103.0 dBm

4 Emissions bandwidth 25000 25000 25000 25000 Hz

5 Interference Power or Power 
Spectral Density -122.0 -122.0 -122.0 -147.0 dBm/Hz

6 Allowable Interference PSD -120.2 -122.3 -149.0 -104.5 dBm/Hz
7 Margin (+) or deficit (-) 1.8 -0.3 -27.0 42.5 dB
8 Specified Separation 100,000.0 100,000.0 100,000.0 n/a Hz
9 Necessary Separation 4.0 5.0 noise limited n/a channels

10 Necessary Separation 100.0 125.0 noise limited n/a kHz

Desensitization
Victim System

VOR LOC VDB GS Units
1 Source Transmitter Power 10 10 10 10 watts
2 Source Transmitter Power 40.0 40.0 40.0 40.0 dBm
3 Transmitter-to-receiver isolation 40 40 40 65 dBm

4 In-band signal level at victim 
receiver input 0.0 0.0 0.0 -25.0 dBm

5 Specified adjacent channel rejection 
for victim receiver 60.0 60.0 46.0 60.0 dB

6 Frequency offset at ACR 
specification 42,000.0 42,000.0 75,000.0 out of band Hz

7 Reference desired signal -79.0 -86.0 -87.0 -76.0 dBm

8 Maximum permissible VHF Comm 
band signal -19.0 -26.0 -41.0 -16.0 dBm

9 Margin (+) or Deficit (-) -19.0 -26.0 -41.0 9.0 dBm

10 Channel Separation @ specified 
adjacent channel rejection 1.68 1.68 3 n/a channels

11 Necessary total separation 3.0 3.0 7.0 #VALUE! channels
12 Necessary total separation 75.00 75.00 175.00 n/a kHz
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Table 21 VDL Mode 4 Interference Source, Guidance System Victims, Light 

Aircraft 
Source: VDLM4

Channel Separation 100,000 Hz
Aircraft type Light
Emissions roll-off 5 dB/octave
IF Filter roll-off 36 dB/octave

Adjacent Channel 
Victim System

VOR LOC VDB GS Units
1 Source off channel emissions -38.0 -38.0 -38.0 -38.0 dBm
2 Transmitter-to-receiver isolation 40 40 40 60 dB

3 Source adj chan. emissions at victim 
receiver -78.0 -78.0 -78.0 -98.0 dBm

4 Emissions bandwidth 25000 25000 25000 25000 Hz

5 Interference Power or Power Spectral 
Density -122.0 -122.0 -122.0 -142.0 dBm/Hz

6 Allowable Interference PSD -120.2 -122.3 -149.0 -104.5 dBm/Hz
7 Margin (+) or deficit (-) 1.8 -0.3 -27.0 37.5 dB
8 Specified Separation 100,000.0 100,000.0 100,000.0 n/a Hz
9 Necessary Separation 4.0 5.0 noise limited n/a channels

10 Necessary Separation 100.0 125.0 noise limited n/a kHz

Desensitization
Victim System

VOR LOC VDB GS Units
1 Source Transmitter Power 5 5 5 5 watts
2 Source Transmitter Power 37.0 37.0 37.0 37.0 dBm
3 Transmitter-to-receiver isolation 40 40 40 60 dBm

4 In-band signal level at victim receiver 
input -3.0 -3.0 -3.0 -23.0 dBm

5 Specified adjacent channel rejection for 
victim receiver 60.0 60.0 46.0 60.0 dB

6 Frequency offset at ACR specification 42,000.0 42,000.0 75,000.0 out of band Hz
7 Reference desired signal -79.0 -86.0 -87.0 -76.0 dBm

8 Maximum permissible VHF Comm band 
signal -19.0 -26.0 -41.0 -16.0 dBm

9 Margin (+) or Deficit (-) -16.0 -23.0 -38.0 7.0 dBm

10 Channel Separation @ specified adjacent 
channel rejection 1.68 1.68 3 n/a channels

11 Necessary total separation 3.0 3.0 7.0 n/a channels
12 Necessary total separation 75.00 75.00 175.00 n/a kHz
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A discussion of the relevant interference analysis for each 
individual system is contained in the following paragraphs.  All 
discussions are based on Table 19, Table 20, and Table 21. 

 

5.1 VOR (108 - 117.90 MHz) 

The VHF Omnirange (VOR) system operates in the 108-117.950 
MHz band.  Table 19, Table 20, and Table 21 indicates that VDL Mode 4 
transmitters operating in any but the extreme lower end of the 
communications band (118-136.975 MHz) will not pose a significant 
interference threat to VOR operation.  Reference [12] suggests that the 
upper VOR band (112-117.975) may be considered for VDL Mode 4 
operation for the surveillance functions.   Table 19, Table 20, and Table 
21 indicates that such operations may be acceptable from an interference 
standpoint, provided that a separation of approximately 100 kHz can be 
maintained between the active VDL Mode 4 channel and a VOR channel 
that is providing active guidance to the equipped aircraft.  While only an  
approximation, the 100 kHz frequency separation should not be taken 
lightly, as desensitization is a characteristic of the victim receiver, not the 
source transmitter.  It is very unlikely that changes to existing VOR 
receivers will be acceptable to the user community.   

The VOR analysis is based on a VDL Mode 4-induced one-sigma 
guidance error of 0.5 degrees in a 1.8 rad/sec bandwidth.  This bandwidth 
is typical of the electrical output used to drive older analog automatic flight 
control systems.  VOR equipment used with only visual indicators will 
have a narrower bandwidth, whereas some newer VOR receivers may 
have a slightly larger bandwidth.  Smaller guidance system output 
bandwidths allow slightly larger interference for the same angular error, 
whereas larger guidance system bandwidths permit slightly less 
interference. 

5.2 Localizer (108 - 111.95 MHz) 

The ILS Localizer function provides lateral precision landing 
guidance by means of transmissions in the 108.1-111.95 MHz band.  If 
VDL Mode 4 operations are restricted to the VHF communications band, 
a minimum frequency separation of 6.025 MHz will exist between the 
highest LOC operating frequency and the lowest VDL Mode 4 operating 
frequency.  This separation should be sufficient to ensure that no harmful 
interference takes place.  Furthermore, the analysis in Table 19, Table 
20, and Table 21 suggests that interference to LOC will not be a problem 
even if VDL Mode 4 operation is considered in the upper VOR band, 
provided that  a separation of 125 kHz between VDL Mode 4 and an 
active Localizer frequency is maintained. This could be provided if VDL 
Mode 4 operations were restricted to frequencies above 112.300 MHz. 

A significant factor in reducing the VDL Mode 4 interference to 
acceptable levels lies in the large isolation available.  In this case, the 
isolation is increased because of the cross-polarization isolation between 
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the horizontally polarized navigation signal and the vertically polarized 
communications signal.  While cross-polarization always reduces the 
effects of VDL Mode 4 emissions, it is the total isolation assumed in Table 
19, Table 20, and Table 21 may not be available on Small aircraft, and 
almost certainly will not be available on Light aircraft.  Nevertheless, the 
frequency separation available if VDL Mode 4 is restricted to the 
communications band should be sufficient to provide adequate protection 
to LOC in all situations.    

The LOC analysis is based on a VDL Mode 4-induced one-sigma 
guidance error of approximately 5% of full-scale deflection in a 1.8 
rad/sec bandwidth.  This bandwidth is typical of the electrical output used 
to drive older analog automatic flight control systems.  ILS equipment 
used with only visual indicators will have a narrower bandwidth, whereas 
some newer ILS receivers may have a slightly larger bandwidth.  Smaller 
guidance system output bandwidths allow slightly larger interference for 
the same angular error, whereas larger guidance system bandwidths 
permit slightly less interference. 

5.3 VHF Data Broadcast (112 - 117.95 MHz) 

The operation of VDB is not part of the baseline equipment 
assumed for this study [8].  However, as VDB (GBAS) is expected to be 
introduced in the future, this information is important. 

VDB is intended to be assigned in the upper VOR band.  Table 
19, Table 20, and Table 21 indicate that emissions from on-board VHF 
transmitters could be an issue in VDB performance.  This is of particular 
concern if both VDB and VDL Mode 4 occupy the upper VOR band.  In 
this case may be difficult, if not impossible, to select operating 
frequencies to permit both systems to operate without interference.   

For this VDB analysis, Table 19, Table 20, and Table 21 assume 
that the VDB receiver uses either the VOR or LOC antenna, whichever 
has the lesser isolation.  Small and Light aircraft, will, of course, have 
smaller isolation.  The smaller isolation may force VDL Mode 4 operations 
further up in the communications band, and may render joint VDL Mode 4 
and VDB tenancy of the upper VOR band impractical. 

5.4 UHF ILS Glideslope (328-334 MHz) 

The Glideslope provides positive vertical guidance for precision 
landings as a complement to ILS Localizer guidance.  Like Localizer, GS 
is a safety-critical function. 

Because GS operates in the UHF band, there is significant margin 
against VHF off-channel and desensitization effects.  Although there is a 
potential for third-harmonic-induced interference from VHF systems, 
limitation of VDL Mode 4 operations to the upper VOR band or above 
move any harmonically-related spurious effects to frequencies above 336 
MHz, and, therefore, outside of the GS band. 
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5.5 Other Guidance Systems 

The VDL Mode 4 transceiver will have to protect the DME (960-
1215), ATCRBS (1030 and 1090 MHz), GNSS L5/E5, GNSS L2, GNSS 
L1 bands from harmonic interference.  Requirements for such protection 
are included in various VHF communications MOPS, and the technology 
to achieve such performance is readily available.  Therefore, this report 
will assume that all future VDL Mode 4 transceiver implementations do 
not provide harmful interference to such systems, and that this is not a 
major issue for the architecture study. 

6 INTERFERENCE ANALYSIS SUMMARY 

Table 22 throughTable 26 provide summaries of the VHF 
interference studies detailed in the main body and appendices of this 
report.  These results can be divided into interference between two VHF 
communications systems, regardless of the communications application, 
and interference between a VHF communication system and VHF or UHF 
navigation systems.   

Table 22, Table 23, and Table 24 summarize the results of the 
analysis as it relates to communications-on-communications interference 
in the VHF band.  Both desensitization (see Section 3.1.1 above) and off-
channel (see Section 3.1.2 above) are included.  In general, the 
interference mitigation problem is defined by the off-channel interference 
and not the desensitization interference.   

The VDL Mode 4 transceiver is considered as both the source and 
the victim of the interference.  Table 22 indicates how far apart the 
frequencies assigned to the source transmitter and victim receiver must 
be to reduce interference to a tolerable level.  These values are not based 
on the specific performance of any transceiver equipment, but are 
computed under generally applicable assumptions about noise 
performance and filter rejection at frequencies that are widely separated.  
An entry of "noise limited" indicates that the transmitter noise floor is the 
limiting factor in the interference analysis.  In these cases, there may be 
no practical way to eliminated interference or reduce it to tolerable levels 
by means of frequency separation alone, although other mitigation effects 
may be appropriate.  Table 22 indicates that even limiting simultaneous 
operation to antennas on the opposite site of the aircraft does not provide 
sufficient protection to completely mitigate interference.   

In Table 23, the frequency separation between the source 
transmitter and the victim receiver has been fixed at 100 kHz (i.e., four 25 
kHz channels) and an assessment made regarding interfering signal level 
relative to the minimum performance criteria.  A margin exists when the 
signal level at the receiver input is smaller than the performance criteria.  
Margins are indicated by positive values in the table.  A deficit exists 
when the signal level at the receiver input is larger than the performance 
criteria.  Deficits are indicated by negative numbers.  All values in the 
table are given in decibels. Deficits occur in all cases. 
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In Table 24, the conditions of Table 23 are held constant, and the 
range between the off-board transmitter of the victim information is 
decreased using a free-space propagation model, thereby increasing the 
signal-to-interference ratio at the victim receiver 

 (( ) / 20) (Margin / 20)10 10 ,REF MINP P
eff MAXR R −= × ×  (1) 

where effR  is the effective range at which the signal-to-interference ratio 

is sufficient to mitigate interference effects, MAXR  is the maximum range 
corresponding to the minimum specified signal level, MINP  is the minimum 
specified signal level in dBm, REFP  is the reference signal level in dBm, 
and Margin is the interference margin or deficit from Table 23, given in 
decibels. 

The entries in Table 24 indicate the spatial separation, ,effR  
between the victim receiver (i.e., the aircraft containing the victim 
receiver) and the victim ground system such that the interference is 
reduced to tolerable levels.   All entries in Table 24 are given in nautical 
miles.  The intent of Table 24  is not to suggest that such power 
reductions be implemented, but to illustrate that use of power reduction 
as an interference mitigation strategy is not an operationally acceptable 
option. 

The conclusion to be drawn from Table 22 through Table 24 is 
that the communication system protocols and applications must be 
implemented in a manner that is robust enough to sustain the inevitable 
negative effects of interference from other communication systems 
operating in the VHF communications band.  (This is true whether VDL 
Mode 2 or VDL Mode 4 is the primary source of digital information.)  
Alternatively, some form of band-segmentation must be implemented to 
segregate the competing VHF communications systems from each other.  
Such segregation must be implemented in hardware, with appropriate 
front-end filtering to reduce off-channel emissions in the adjacent sub-
bands, as Table 22 makes it obvious that simple channel assignment 
methods are unlikely to mitigate the effects of same-band interference.   

Current plans of the Frequency Management Group (FMG) in 
Europe include assignment of 136.975 MHz, 136.875 MHz, 136.775 MHz 
and 136.725 MHz for VDL Mode 2, and 136.925 MHz and 136.825 MHz 
to VDL Mode 4.  The fact that these assignments do not meet the 
separation criteria of Table 22 indicates that data-on-data interference 
may occur when a given aircraft requires both VDL Mode 2 and VDL 
Mode 4 services.  The severity of such interference will depend on the 
relative traffic loading.  The probability of such interference is analyzed in 
Section 7.  It is important to note that once the interfering signal level is 
sufficient to cause interference, the actual value of the signal level does 
not figure into the probability of interference.   This observation holds as 
long as the interfering signal does not saturate or damage the victim   
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Table 22 Summary of VHF-on-VHF Communications Interference Analysis:  Channel Separation (kHz) Necessary to Assure 
Minimally Acceptable Interference Levels at Victim Receiver 

Source Victim Interference Type Large Same Large, opp Small, same Small Opp Light Same Light Opp

DSB-AM VDLM4 off-channel noise limited 4,825 noise limited 5,325 noise limited noise limited
DSB-AM VDLM2 off-channel noise limited 3,250 noise limited 3,600 noise limited noise limited

VDLM4 DSB-AM off-channel noise limited 150 noise limited 275 noise limited noise limited
VDLM4 VDLM2 off-channel noise limited 725 noise limited 1,425 noise limited noise limited

VDLM2 DSB-AM off-channel noise limited 75 noise limited 125 noise limited noise limited
VDLM2 VDLM4 off-channel noise limited 1,050 noise limited 2,075 noise limited noise limited

DSB-AM VDLM4 desense 200 150 250 150 250 175
DSB-AM VDLM2 desense 200 150 250 150 250 175

VDLM4 DSB-AM desense 25 25 25 25 25 25
VDLM4 VDLM2 desense 200 150 250 150 250 175

VDLM2 VDLM4 desense 200 150 250 150 275 175
VDLM2 DSB-AM desense 25 25 25 25 25 25  
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Table 23 Summary of VHF-on-VHF Communications Interference Analysis:  Estimated Interference Margin (+) or Deficit (-) in 
Decibels at 100 kHz Separation between Source and Victim 

Source Victim Interference Type Large Same Large, opp Small, same Small Opp Light Same Light Opp
DSB-AM VDLM4 off-channel -43 -28 -55 -29 -55 -35
DSB-AM VDLM2 off-channel -40 -25 -52 -26 -52 -32

VDLM4 DSB-AM off-channel -17 -2 -33 -7 -35 -15
VDLM4 VDLM2 off-channel -29 -14 -45 -19 -47 -27

VDLM2 DSB-AM off-channel -11 4 -27 -1 -29 -9
VDLM2 VDLM4 off-channel -32 -17 -48 -22 -50 -30

DSB-AM VDLM4 desense -35 -20 -47 -21 -47 -27
DSB-AM VDLM2 desense -35 -20 -47 -21 -47 -27

VDLM4 DSB-AM desense -32 -17 -45 -19 -44 -24
VDLM4 VDLM2 desense -32 -17 -45 -19 -44 -24

VDLM2 VDLM4 desense -31 -16 -47 -21 -49 -29
VDLM2 DSB-AM desense -31 -16 -47 -21 -49 -29
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Table 24 Summary of VHF-on-VHF Communications Interference Analysis:  Estimated Effective "No interference range" 

Based on Free Space Loss 
Interference Victim Victim Victim Victim Free Space No Interference Range (nmi)

Source Victim Type Min Signal Max Range Ref. Signal Ref Range Large Same Large, opp Small, same Small Opp Light Same Light Opp
(dBm) (nmi) (dBm) (nmi)

DSB-AM VDLM4 off-channel -98 200 -87 56.4 0.4 2.3 0.1 2.1 0.1 1.0
DSB-AM VDLM2 off-channel -98 200 -87 56.4 0.6 3.1 0.1 2.9 0.1 1.4

VDLM4 DSB-AM off-channel -107 200 -87 20.0 2.9 16.2 0.5 9.1 0.4 3.6
VDLM4 VDLM2 off-channel -98 200 -87 56.4 2.0 11.2 0.3 6.3 0.3 2.5

VDLM2 DSB-AM off-channel -98 200 -87 56.4 16.3 91.3 2.6 51.4 2.0 20.5

VDLM2 VDLM4 off-channel -107 200 -87 20.0 0.5 2.9 0.1 1.6 0.1 0.6

DSB-AM VDLM4 desense -98 200 -87 56.4 1.0 5.6 0.3 5.2 0.3 2.5
DSB-AM VDLM2 desense -98 200 -87 56.4 1.0 5.6 0.3 5.2 0.3 2.5

VDLM4 DSB-AM desense -107 200 -87 20.0 0.5 2.8 0.1 2.2 0.1 1.3
VDLM4 VDLM2 desense -98 200 -87 56.4 1.4 8.0 0.3 6.3 0.4 3.6

VDLM2 VDLM4 desense -98 200 -87 56.4 1.6 8.9 0.3 5.0 0.2 2.0
VDLM2 DSB-AM desense -107 200 -87 20.0 0.6 3.2 0.1 1.8 0.1 0.7

 



VDL Mode 4 Airborne Architecture Study 
 

 

Edition: VM4AAS_D3.2V5b final Page 57 

receiver front end circuitry.  In general, this is the case, although 
saturation (but not damage) may be an issue on Small and Light aircraft.  
Therefore, the effect of the close spacing between VDL Mode 2 and VDL 
Mode 4 frequencies contemplated by the FMG does not significantly 
worsen the interference problem. 

A second concern is the interference between the communication 
systems and VHF and UHF navigation systems operating on the same 
aircraft.  The results of this analysis are summarized in Table 25 and 
Table 26.   These tables roughly correspond to Table 22 and Table 23, 
respectively, except that the victim systems are the common VHF 
navigation systems (ILS Localizer and VOR) and UHF navigation systems 
(ILS Glideslope).  The local GPS augmentation component known as 
VHF Data Broadcast (VDB) of the GBAS system, has been included, as 
discussed earlier in this report. 

For LOC, VOR, and GS, Table 25 indicates interference can be 
mitigated by proper frequency separation between the on-board 
transmitter VHF communications frequency and the navigation frequency.  
In the case of LOC and GS, this is a straightforward matter, if VDL Mode 
4 is not allowed to operate in the frequency bands for localizer (108.1 to 
111.95 MHz) or glideslope (328 MHz to 334 MHz).  Therefore, the 
frequency separations indicated in Table 25 should be readily achievable.  
The same situation holds if VDL Mode 4 is limited to the communications 
band (118 - 137 MHz), as this is above the upper portion of the VOR 
band (108 - 117.95 MHz).  If, however, VDL Mode 4 is allowed to operate 
in the upper VOR band (112-117.95 MHz), care must be taken to meet 
the frequency separations indicated in Table 25.    As expected, the 
negative effects on VDB are more pronounced.  Simultaneous operation 
of VDB and VDL Mode 4 in the same VHF subband9  will be problematic. 

Table 26 lists the available margins or deficits assuming a 
separation of 100 kHz between the VDL Mode 4 transmitter and the 
various VHF/UHF navigation systems.  The results are not applicable for 
the Glideslope function, as there can be no VDL operation within 100 kHz 
of a Glideslope channel. 

A similar analysis produces similar results for VDL Mode 2, VDL 
Mode 3, and DSB-AM sources, but this analysis is beyond the scope of 
the current study. 

7 BURST-ON-BURST INTERFERENCE 

VDL Mode 2 and VDL Mode 4 are both designed so that many 
users share a single radio frequency by means of discrete, non-
overlapping time slots.  VDL Mode 2 obtains this non-overlapping 
property by means of Carrier-Sense Multiple Access (CSMA) techniques, 
whereby the transmitting terminal waits until the channel is unused before 
transmitting.  CSMA techniques are stochastic by design; therefore the 

                                                
9 The upper VOR band (112-117.95 MHz) has been suggested as an operating band by 
proponents of both systems. 
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time between consecutive messages is a random variable.  VDL Mode 4, 
on the other hand, uses a more tightly controlled and more efficient Self-
Organizing Time Division Multiple Access (STDMA) techniques whereby 
most transmissions are allowed only on a reservation basis.  This assures 
that any given frequency is equitably shared between all users and that 
transmissions are scheduled in advance.  This permits VDL Mode 4 to 
assure channel access for regular, periodic transmissions, such as ADS-
B, and to schedule delivery of time-critical messages. 

The cross-channel coordination of VDL Mode 4 time slots by 
means of the reservation table extends to all frequencies that are either 
received by or transmitted from a VDL Mode 4 transceiver.  This reduces 
the probability of Mode 4-on-Mode 4 interference to that of a random-
access transmission, which, because the majority of the VDL Mode 4 
transmissions are reserved, is a small percentage of the total 
transmissions.   

 
Table 25 Summary of VHF-on-Navigation System Interference Analysis:  Channel 

Separation (kHz) Necessary to Assure Minimally Acceptable Interference Levels at 
Victim Receiver 

Source Victim Interference Type Large Small Light
VDLM4 LOC off-channel 25 125 125
VDLM4 VOR off-channel 25 100 100
VDLM4 VDB off-channel 275 noise limited noise limited
VDLM4 GS off-channel n/a n/a n/a

VDLM4 LOC desense 50 75 75
VDLM4 VOR desense 50 75 75
VDLM4 VDB desense 125 175 175
VDLM4 GS desense n/a n/a n/a
 
 

Table 26 Summary of VHF-on-Navigation System Interference Analysis:  Estimated 
Interference Margin (+) or Deficit (-) in Decibels at 100 kHz Separation between 

Source and Victim 

Source Victim Interference Type Large Small Light
VDLM4 LOC off-channel 20 0 0
VDLM4 VOR off-channel 22 2 2
VDLM4 VDB off-channel -7 -27 -27
VDLM4 GS off-channel n/a n/a n/a

VDLM4 LOC desense -9 -26 -23
VDLM4 VOR desense -2 -19 -16
VDLM4 VDB desense -24 -41 -38
VDLM4 GS desense n/a n/a n/a
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The analysis of burst-on-burst interference can be characterized 
by one of three models. First, in a double periodic model, both sources 
are assumed to be periodic.  This may be the situation for VDL Mode 4-
on-VDL Mode 4 interference, when both VDL Mode 4 transmitters are 
transmitting data streams that is periodic in nature, with possibly different 
periods.  Second, in a periodic-stochastic model, one set of transmissions 
is periodic and the other is random or stochastic.  In keeping with 
relatively simple communication model, the random load is assume to be 
exponentially distributed.  The periodic-stochastic model may represent 
the use of VDL Mode 4 for ADS-B and simultaneous use of either VDL 
Mode 4 or VDL Mode 2 for ATC and/or AOC transmissions on a separate 
frequency.  Third, in a full stochastic model, the VHF channel is assumed 
to be a single server for exponentially distributed traffic with exponentially 
distributed service times.  This model reduces to the well-known Erlang-B 
model for queueing systems [13]. 

7.1 Probability Models 

7.1.1 Double-Periodic Model 

The double-periodic model assumes independent periodic 
streams of transmissions with transmission intervals 1T  and 2 ,T  and fixed 
service times (i.e. message lengths) of 1τ  and ,τ 2 respectively.  The time 
origin of the two streams is offset by a random time offset ,δ  which is 
assumed to be uniformly distributed over an interval [0, ,∆)  where ∆  is 
chosen  to be an integer number of periods for both streams.  That is, 

1 2 ,  , 0.kT mT k m∆ = = >   Double-periodic interference is illustrated in 
Figure 3.  Then the probability that interference occurs between the 
transmissions of the two data streams is 

 2

1 2

.
min( , )DPP

T T
τ τ1 +

=  (2) 

 

7.1.2 Periodic-Stochastic Model 

In this model, one user is source of periodic transmissions with interval 1T  and 
service time ,τ1  and the other user is a random source with exponentially distributed 

arrival times with rate parameter 
2

1 ,
T

λ2 =  average arrival time 2 ,T and exponentially 

distributed transmission lengths with parameter 
1 ,µ
τ2

2

=  and average transmission 

duration .τ 2   Then the probability of burst-on-burst interference, ,PSP is the probability 
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Figure 3 Double-Periodic Interference 

   

that the random transmission falls within a time interval of 1τ τ 2+  of a 
specific 1T  interval, multiplied by the probability that it falls within that 
interval. 
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 (3) 

7.1.3 Full Stochastic Model 

In this model, the VHF communications spectrum is viewed as a 
single limited resource which is shared by exponentially distributed traffic 
with exponentially distributed message times.  The average inter-
message interval is T  and the corresponding exponential rate parameter 

is 
1
T

λ. = .  The average transmission length is τ ,  and the corresponding 

exponential rate parameter is .µ
τ
1=   When viewed as a problem in 

queueing theory, the entire VHF channel can be viewed as a single 
server.  Then the probability that the channel is blocked by one user when 
a request for service arrives is given by the Erlang-B blocking equation 
[13], 
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 [1, ]SP B
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λ λµ
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where [ , ]B c a  is the Erlang-B equation for a system with c-users and 

average loading .a λ
µ

=    

7.2 Burst-on-burst Interference Analysis 

Appendix B of [14] provides combined traffic models for 
surveillance, ATS, and AOC applications operated on digital data links 
operating in the VHF communications band.  These models are for the 
air-to-ground direction, but equivalent ground-to-air traffic models follow 
directly using the data in the MACONDO study [15]. These models can be 
separated to provide surveillance, ATS, and AOC data loading.  

 Table 27 summarizes the burst-on-burst interference analysis. 
The first two columns indicate how the VDL Mode 2 and VDL Mode 4 
data links are used.  The first two rows are placeholders for "VDL Mode 4-
only" configurations.  The same methodology will apply to VDL Mode 4-
on-VDL Mode 4 analysis.  Note that exclusive use of VDL Mode 4 (in lieu 
of VDL Mode 2 and VDL Mode 4) does not ensure an interference-free 
environment, as the interference scenarios are quite similar to those 
discussed in the VDL Mode 4 on VDL Mode2 and VDL Mode 2 on VDL 
Mode 4 cases discussed earlier.  On the other hand, the reservation table 
mitigation discussed earlier significantly reduces Mode 4-on-Mode 4 
interference.  This discussion is a Mode 4 system issue and, as such is 
beyond the scope of this study. 

The third column indicates the interference parameters used in 
equations (2), (3) and (4).  These values are based on the traffic loading 
models and are explained later in this section.  The fourth column gives 
the results of applying equations (2), (3) and (4).  The rightmost (fifth) 
column gives the interference model most appropriate for this 
communications scenario.  In general, the periodic-stocastic model is 
appropriate when surveillance applications are included in the 
communications, as the assumption is that ADS-B transmissions must be 
regular, i.e., periodic in nature over many minutes of operation.  In cases 
where only ATS and/or AOC communications are present, the full 
stochastic (i.e. Erlang) model is more appropriate.  None of the scenarios 
considered appear to fall into the double-periodic model. 

Rows 1 and 2 in Table 27 correspond to the cases where VDL 
Mode 4 is used for all digital communications, as suggested in [10].  
While these cases are potentially subject to Mode 4-on-Mode 4 
interference effects, subject to the mitigating effect of the reservation 
table.  In any case, such interference lies within the domain of the VDL 
Mode 4 system design and, as such, is not within the scope of this study.  
Techniques similar to those used here could be applied to the analysis of 
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these situations.  The results would be similar to VDL Mode 2-on-VDL 
Mode 4 and VDL Mode 4-on-VDL Mode 2 interference discussed above. 

Row 3 in Table 27  considers VDL Mode 2 used solely for AOC 
communications, while VDL Mode 4 is used for both ATS and 
surveillance.  This corresponds to a VDL Mode 4 load given by Table B-1 
of [14], and a VDL Mode 2 load corresponding to the AOC line of Table B-
2 of [14].  The average duration of a VDL Mode 2 burst is taken as 264 
octets, or 2112 bits, with and average interval of three minutes (180 
seconds).  The actual value of 67.048 ms is rounded to 67 ms for the 
purpose of the analysis.  The average duration of a VDL Mode 4 burst is 
taken from Table B-1 of [14] as 3 time slots or 40 ms, with a repetition 
interval of approximately one second.   

Row 4 in Table 27 addresses VDL Mode 4 used for 
communications only, without any surveillance load.  Removal of the 
relative high rate and low duration surveillance messages increases the 
transmission interval and decreases the average duration.  The VDL 
Mode 4 message duration is approximately equivalent to 50% two-slot 
and 50% three-slot messages, as indicated by the traffic loading in [14].   
The VDL Mode 2 AOC values remain the same as in Row 3. 

Row 5 in Table 27 considers the case of VDL Mode 2 for both 
ATS and AOC, while VDL Mode 4 is used for surveillance only.  In this 
case, the VDL Mode 4 messages are all assumed to be one time slot in 
length (12 ms) and to occur, on average, at 1.5 ms intervals.  This interval 
is based on the use of both VDL Mode 4 frequencies, as the analysis 
have shows that frequency separation, by itself, is insufficient to preclude 
interference between Mode 2 and Mode 4.  The AOC and ATS loads 
given in [14] are now assigned to VDL Mode 2, with some resulting 
efficiency due to the lack of a time-slot length constraint on VDL Mode 2. 

Finally, Row 6 considers the case where VDL Mode 2 is used only 
for AOC and VDL Mode 4 is used for surveillance.  This might be the 
case during a transition period, before full ATS functionality is available.  
The same AOC and surveillance loading methodologies discussed in the 
previous paragraphs are used in this case. 

Table 27 indicates that even in situations where there exists burst-
on-burst interference between VDL Mode 2 and VDL Mode 4, the result 
will be a corruption and/or loss of as much as 2% of the messages that 
should have been received at the aircraft10.  In the case of VDL Mode 4 
operating at the specified bit error rate of 41 10 ,−×  approx-imately the 
same amount of data will be lost due to burst-on-burst interference as due 
to independent random bit errors. Protocols and applications that are 

                                                
10 This loss of messages does not include the effects of any automatic-repeat-request (ARQ) 
protocol operating over the various links.  The effect of ARQ protocols will be to reduce the 
effective loss of messages by automatic retransmission.  These retransmissions, of course, 
increase the overall link traffic. 
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robust enough to sustain this level of data loss will be essentially 
unaffected by the interference11.   

8 SENSITIVITY ANALYSIS 

The analyses discussed in the previous sections of this report are 
based on varying assumptions about how the various transmitters and 
receivers operate.  It is reasonable to examine the results to assess how 
changes in the receiver and transmitter operating parameters could affect 
the results.  To some extent, this analysis is included in the previous 
tables in terms of the "necessary separation" entries.  This section 
specifically considers variation of other parameters, including transmitter 
power, receiver sensitivity, operating range, transmitter emission 
characteristics, receiver adjacent channel rejection characteristics, on-
board isolation, and frequency assignment. 

The raw material for the sensitivity analysis discussions is 
contained in Table 22 (page 54), Table 23 (page 55), and Table 24 (page 
56). It is important to reiterate that the sensitivity analysis applies to all 
types of transmitters and all types of receivers.   

8.1 Variation of Transmitter Power 

Section 4.1 assumes that all DSB-AM transmitters operate at the 
maximum transmitter power permitted by ARINC 716, namely 40 W.  
These characteristics allow a minimum power of 25 W, or about 2 dB less 
than the maximum power.  Commercial panel-mounted VHF Comm 
radios for the general aviation and low-end business market generally are 
in the 8 W to 16 W range, or 7 dB to 4 dB less than the maximum ARINC 
716 power assumed in the analysis.  Finally, owners of very low end GA 
aircraft occasionally use hand held transceivers with output powers as 
low as 1.5 W, or 14 dB less than the ARINC maximum power. 

For Large Aircraft, where we have assumed ARINC 750 or ARINC 
716 compatibility, the only variation in transmitter power is -2 dB, i.e., the 
difference between 25 W minimum and 40 W maximum output power.  
Because this is a reduction in power, the value should be subtracted from 
the "Margin (+) or Deficit (-) " entries in Table 23 (page 55).  Subtracting 
the negative value decreases the deficit or increases the margin, as 
expected.  The effect will be beneficial in mitigating the performance only 
if the adjustment causes the entry in Table 23 to change sign.  This does 
not happen for any entry in the Large Aircraft results. However the 
importance of the sensitivity analysis is in the potential cumulative effect 
(positive or negative) of the individual parameters 

 
 

                                                
11 Message errors (of any kind) and recovery via ARQ techniques will increase the total number 
of messages transmitted, and, therefore, the link traffic. 
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Table 27 Burst-on-Burst Interference Parameters for Selected Combinations of 
Modes 

 
 Mode 2 Mode 4 Burst-on-Burst 

parameters 
(based on 

traffic loading) 

Probability of 
Interference 

Preferred 
Model 

1 not used ATS/AOC/surveillance 
downlink and uplink 

not computed not computed n/a 

2 not used ATS/AOC not computed not computed n/a 

3 AOC ATS/surveillance 

2

4

67 ms
36 ms
180 sec
1 sec

T
T

τ
τ

2

4

≈
≈
≈
≈

 
4

0.10

5.7 10
0.035

DP

PS

S

P
P
P

−

=

= ×
=

 

periodic-
stochastic 

4 AOC ATS 

2

4

67 ms
30 ms
180 sec
1.38 sec

T
T

τ
τ

2

4

≈
≈
≈
≈

 
4

0.070

5.4 10
0.021

DP

PS

S

P
P
P

−

=

= ×
=

 

full 
stochastic 

5 ATS/AOC Surveillance 

2

4

13.4 ms
12.0 ms
1.42 sec
1.50 sec

T
T

τ
τ

2

4

≈
≈
≈
≈

 

0.018
0.011

0.017

DP

PS

S

P
P
P

=
=

=
 

periodic-
stochastic 

6 AOC Surveillance 

2

4

67 ms
12.0 ms
180 sec
1.5 sec

T
T

τ
τ

2

4

≈
≈
≈
≈

 
4

3

0.052

4.3 10

7.9 10

DP

PS

S

P
P
P

−

−

=

= ×

= ×

 

periodic- 

stochastic 

 
For Small aircraft, it may be reasonable to assume a change in 

power of -4 dB to -7 dB.  At best, such a reduction might make both data-
on-voice interference cases (VDLM2 on DSB-AM and VDLM4 on DSB-
AM) have a margin of zero dB, i.e., to provide marginal mitigation of the 
interference, but only in the case of antennas on the opposite side of a 
Small Aircraft. 

For Light aircraft, even the maximum possible change in power 
level of -14 dB (i.e. and handheld device) does not bring the margin to a 
non-negative value.  The best that can be hoped for under this scenario is 
a reduction in the deficit to -1 dB. 

By reducing the deficits indicated in Table 23, of course, use of 
lower-power transmitters will lessen the necessary separation between 
channels.  For Small and Light aircraft, the changes are sufficient to 
eliminate the "noise limited" interference.  This change would permit 
mitigation of the DSB-AM-on-data interference by means of appropriate 
frequency separation, at the price of mandating that DSB-AM transceivers 
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be power limited in the appropriate way.  This mandate may not be 
practical, considering the number of GA and small business aircraft 
affected.  

It is also important to note that reducing the power will also limit 
the operating range, or, alternatively, reduce the system margin for 
multipath and fading effects. This may reduce the availability of the 
system as a whole, and may limit its usefulness for certain applications.  
Range limitations are discussed below. 

8.2 Variation in Number of Voice Channels 

One of the basic assumptions of this study is that two 
simultaneous voice channels must be supported [8].  With two voice 
channels simultaneously operating, the average power increases by 3 dB, 
and the peak envelope power incident at the receiver increases by 6 dB.  
Because the primary interference mechanism (see Table 22) is the off-
channel interference, and because the majority of cases are noise-limited, 
for the purpose of this report, the effects of two voice channels can be 
assumed to be an increase in voice transmitter power of 3 dB.  The peak 
envelope power, while an issue in receiver design, is not germane to this 
discussion.  It is clear from the margin/deficit entries in Table 23 that an 
increase of 3 dB in average voice power does not affect the discussion in 
any significant way.  For those cases where the voice-on-data 
communication is not noise-limited, the frequency assignment problem 
becomes a three-dimension (voice-voice-data) optimization rather than a 
two-dimensional optimization (voice-data). 

8.3 Variation in Receiver Sensitivity 

Because all of the analysis supporting in this report assumes 
operation at the reference signal level of -87 dBm, and because this value 
is well above the minimum sensitivity specified for all of the receivers, 
changes in receiver sensitivity will not directly affect the results of any 
specific table.  A reduction in sensitivity would reduce the operational 
range and would probably have a significant effect on current ATC 
procedures.  This is especially true in terms of DSB-AM receivers, which, 
as has been noted several times, typically provide adequate performance 
at input signals of -107 dBm or lower. 

8.4 Variation in Operating Range 

If ATC procedures were constructed to reduce the effective range 
expected for VHF communications, then a signal level higher than the 
reference signal of -87 dBm might be expected. For example, if the 
maximum range for VHF communications were limited to 20 miles, the 
desired signal level would, with high probability, exceed -80 dBm.  Higher 
desired signal levels would provide additional protection from 
interference.  The significant deficits indicated in Table 23, however, 
immediately suggest that the reduction in coverage would have to be so 
great as to render VHF communications useless.  This is supported by 
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the computations summarized in Table 24 (page 56).  Table 24  assumes 
that the loss varies in the same manner as free space loss.  This is an 
overestimate, that is, the actual reduction in range would not be as 
extreme as indicated in the table.  This is because the maximum 
range/minimum sensitivity link budgets assume "excess path loss" in 
addition to the "free space path loss" (see Appendix L of [16]).  But even if 
the values of Table 24  are off by 2:1, corresponding to an excess path 
loss of 6 dB in the link budget, they clearly illustrate that range reductions 
are not a solution to the VHF-on-VHF interference problem.   

Note that the intent of Table 24  is not to suggest that such power 
reductions be implemented, but to illustrate that use of power reduction 
as an interference mitigation strategy is not an operationally acceptable 
option. 

 

8.5 Variation in Transmitter Emissions 

Variation in transmitter emissions will affect off-channel 
interference performance only.  The interference analysis makes an 
assumption that the transmitter emissions fall off at 5 dB/octave down to 
the noise floor of the transmitter.  That noise floor is assumed to be -108 
dBm/Hz at the transmitter output port (i.e., including transmitter gain).  
This is, in itself, a fairly aggressive assumption, and it may be that the 
assumption is not valid for lower end transmitters.  In such cases, the 
interference produced by such transmitters will be worse than estimated 
in Section 4 and Section 5.   

The effect of emissions performance that rolls off slower than 5 
dB/octave , or has a higher ultimate noise floor, will be to increase the 
separation required between channels.  In the majority of the cases 
shown in Table 23, this has little effect, as the interference analysis 
already predicts a noise-limited situation.   

The effect of emissions performance that rolls off more quickly 
than 5 dB/octave, or has an ultimate noise floor lower than -108 dBW/Hz 
at the transmitter output will be to decrease the interference and permit 
closer channel spacing and/or less physical isolation between source and 
victim.  Holding the 5 dB/octave constant, every 5 dB decrease in the 
ultimate noise floor will reduce the channel separation by one octave.   
Decreasing the transmitter noise floor in this manner may affect those 
interference scenarios currently listed as "noise limited".  Alternatively, 
increasing the rolloff to 6 dB/octave, would improve the necessary 
separation by one octave for every six octaves now required, but would 
not affect scenarios that are currently listed as "noise limited". 

Caution must be exercised when taking the results of this analysis 
as the basis for new minimum requirements.  It may be appropriate to 
establish new requirements for VHF communications transmitters that 
have not yet been specified, designed, or widely fielded.  Thus, ARINC 
750X, any ARINC characteristic applicable to VDL Mode 4, and the new 
VDL Mode 4 MOPS currently under revision by Eurocae WG51 may be 
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candidates for such improvements.  It is unreasonable, however, to 
expect that currently existing, installed and certified equipment can be 
made to comply with tighter emissions requirements in any cost-effective 
means.  Thus, to the extent that existing equipment -- particularly DSB-
AM equipment -- is the source of the interference, the only practical 
means to establish a new performance standard may be replacement of 
that equipment.  This could be an especially onerous burden on the 
operators of Small and Light aircraft. 

8.6 Variation in Receiver Adjacent Channel Rejection 

Variation in Adjacent Channel Rejection is a receiver 
characteristic that will affect desensitization performance only.  The 
analysis of this report assumes that the adjacent channel rejection 
increases by 36 dB/octave (6 poles), corresponding to the rolloff of a 
second-order filter.  To the extent that actual receiver performance does 
not achieve this level, the required separations will be increased.  That is, 
if a channel separation of 200 kHz is reported in Table 22, and if the 
receiver filter rolls off at only 24 dB/octave (4 poles), then a separation of 
282 kHz will be required in real operation.  Conversely, if the receiver filter 
actually achieves a rolloff of 48 dB/octave (8 poles), then the separation 
can be reduced to approximately 168 kHz.   

The entries in Table 22 show that in most cases, while variations 
in the actual filter rolloff may have significant effect on the desensitization 
analysis, they have little overall effect on the total interference analysis.  
This is because, in general, the off-channel emissions are the controlling 
feature of the interference analysis.  That is, there is more advantage to 
be gained from controlling the emissions than from increasing the filter 
rolloff. 

As with the discussion in the previous paragraph, care should be 
exercised when applying the results of this analysis to minimum 
standards.  Once again, it may be difficult or impossible to modify existing 
equipment to improve the Adjacent Channel Rejection. 

8.7 Variation in On-board Isolation 

This report considers 38 and 53 dB of isolation for large aircraft for 
operations in the same and opposite sides respectively. For small aircraft 
the corresponding figures are 22 and 48 dB and for light aircraft the 
values are 20 and 40 dB. In relation to navigation systems, 60 dB is 
assumed for the systems operating in the VHF band and 80 dB for the 
glideslope. 

The entries in Table 23 show that, with very few exceptions, there 
is no significant mitigation possible by increasing the on-board isolation. 
In fact, Table 23 indicates that over a very wide range of isolations 
(roughly 20 dB to 50 dB) there is no significant change in the effects of 
interference.   
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8.8 Variation in Frequency Assignment 

Table 22 indicates that even careful spectrum planning is unlikely 
to complete mitigate off-channel interference effects between VHF 
transmitters operating on the same aircraft as VHF receivers.  This is not 
to say that careful spectrum planning can not provide an interference-free 
airspace, when "interference-free" is defined to mean "no interference 
between aircraft".  But the same-aircraft problem does not appear to be 
amenable to solution solely by frequency management means, except in 
a few situations. 

8.9 Variation in Traffic Load 

Variations in the traffic load on the uplink (i.e., messages received 
at the victim receiver) or the downlink (i.e, messages transmitted from the 
souce transmitter) do not affect the amplitude of the interference 
considered in Table 1 through Table 18.  The traffic load does, however, 
affect the probability of burst-on-burst interference.  The magnitude of this 
effect can be evaluated by application of differential calculus to the 
expressions for DPP , PSP , and SP  given in equations (2), (3) and (4), 
respectively.  The sensitivity to traffic load is expressible in the following 
three equations: 
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where 1T  and τ1  are the period and duration of the periodic message 
component of the traffic load, respectively; and,  
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The sensitivity equations for DPP , as given in (5) and ,SP  as given 
in (7), are relatively straightforward.  The relative change in the probability 
of blockage is a simple linear function of the relative change in the total 
average message time(s), that is, the τ term(s), and the relative change 
in the applicable inter-message interval, that is, the T  term.  In (5), 1T  
and the corresponding τ1  refer to the component with the shorter inter-
message interval.  In (7), only the average message length and inter-
message interval are of interest.  

Equation (6) is significantly more complicated, due to the 
presence of the exponential term in equation (3).  Fortunately, the result 
of (6) is much simpler in the two cases that are most meaningful.  For the 
case where the period of the periodic component is much smaller than 

the average interval of the stochastic term, 1 2 ,T T<<  1

2

1,
T
T
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For the case where the period and the average interval of the 
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Table 28 applies the sensitivity equations to the preferred burst-

on-burst interference models identified in Table 27.  The results are given 
for a 10% variation in the loading parameters, with the answers given in 
terms of a percentage variation of the applicable probability metric.  For 
example, in Row 3, a 10% increase in the combined message length (i.e., 
from 107 ms to 117 ms) would cause the value of the preferred model 
(i.e., periodic-stochastic, PSP ) to increase by 10% of its value (i.e. to 

46.5 10 .−×    The effects of larger variations in loading parameters can best 
be computed by establishing new values for the burst-on-burst 
parameters and recomputing the probabilities from equations (2), (3) and 
(4). 
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Table 28  Relative Effects of Small Variations in Traffic Load on Burst-on-Burst 
Interference Probabilities 

   Percentage Effect on Preferred Model Due to 
Change in Load (relative to computed 

probability of interference) 

Table 
27 

Row 

Burst-on-Burst 
parameters 

(based on traffic 
loading) 

Probability of 
Interference 

Preferred 
Model 

10% Increase 
in (ττττ1  + ττττ2 )  

10% Increase in 
T 

1 not computed not computed n/a n/a n/a 

2 not computed not computed n/a n/a n/a 

3 

2

4

67 ms
36 ms
180 sec
1 sec

T
T

τ
τ

2

4

≈
≈
≈
≈

 
4

0.10

5.7 10
0.035

DP

PS

S

P
P
P

−

=

= ×
=

 

periodic-
stochastic 

10% -10% 

4 

2

4

67 ms
30 ms
180 sec
1.38 sec

T
T

τ
τ

2

4

≈
≈
≈
≈

 
4

0.070

5.4 10
0.021

DP

PS

S

P
P
P

−

=

= ×
=

 

full 
stochastic 

10% -10% 

5 

2

4

13.4 ms
12.0 ms
1.42 sec
1.50 sec

T
T

τ
τ

2

4

≈
≈
≈
≈

 

0.018
0.011

0.017

DP

PS

S

P
P
P

=
=

=
 

periodic-
stochastic 

10% -4% or -6% 

6 

2

4

67 ms
12.0 ms
180 sec
1.5 sec

T
T

τ
τ

2

4

≈
≈
≈
≈

 
4

3

0.052

4.3 10

7.9 10

DP

PS

S

P
P
P

−

−

=

= ×

= ×

 

periodic- 

stochastic 

10% -10% 

9 SUMMARY AND CONCLUSIONS 

This report has analyzed the potential for interference between 
VHF communications systems that operate simultaneously and 
independently in the VHF communications band, 118 - 137 MHz.  
Additional consideration has been given to navigation communications 
systems in the VHF navigation band (108-118 MHz) and the UHF 
navigation band (328-334 MHz).   

The overall conclusion is that the available mitigation techniques 
are probably insufficient to ensure interference-free operations of any 
combination of DSB-AM, VDL Mode 2 and VDL Mode 4 communications 
transceivers on the same  aircraft.   Spatial separation of antennas is not 
sufficient, frequency separation of the magnitude necessary is not 
available and even if available might not be sufficient in many cases, and 
transmitter power reduction sufficient to mitigate the interference would 
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make the links operationally unusable.  All other techniques together 
amount to only a small fraction of the protection levels required.  
Therefore, some level of interference will occur and the protocols and 
operational procedures need to be designed to accommodate it.  This 
conclusion applies to all VHF digital communications modes and formats. 

The data presented in this report support the following specific 
observations supporting this overall conclusion. 
1. VHF DSB-AM voice is likely to interfere with digital communications 

using VDL Mode 4 or VDL Mode 2 occurring on the same aircraft 
regardless of antenna location.  Even in the best-case scenario, using 
large aircraft and large spatial separation, interference is likely to 
occur unless the digital and voice operating frequencies can be kept 
separated by more than 4 MHz.  This observation is based on the 
requirements for DSB-AM voice operating on 8.33 kHz channel 
spacing. Due to this interference, it may be impossible to receive 
digital (VDL Mode 2 or VDL Mode 4) transmissions for the duration of 
the "key-down" period of the DSB-AM voice transmitter.  The required 
frequency separation should be kept in mind during the spectrum 
allocation process.   
In some sense, the VHF DSB-AM interference described above can 
be seen as a kind of "ruthless pre-emption" imposed by the voice 
transmit channel on the digital receive channels.  This view is 
consistent with, and similar to, the concept of priority, precedence, 
and pre-emption captured in the ICAO SARPs and RTCA MOPS 
applicable to satellite communications, where digital voice and digital 
data share the same common communication channel.  Acceptance 
of this SATCOM-like "ruthless pre-emption" model for DSB-AM voice-
over-data might make it unnecessary to configure the airborne 
architecture to protect against voice-on-data interference. 
Digital protocols and applications will need to be designed to account 
for periods of DSB-AM voice interference that could extend for many 
seconds.  This type of voice-on-data interference will be a larger 
problem during the transition period between the current voice-only 
ATC environment and the future datalink-based ATC environment, but 
should be less of an issue in the end-state data link environment due 
to the anticipated decrease in DSB-AM traffic. 

2. VDL Mode 2 and VDL Mode 4 digital transmissions are likely to cause 
audible "clicks" in the audio output from DSB-AM voice channels 
regardless of aircraft size or frequency separation.  The level of the 
digital interference is unlikely to be sufficient to "break squelch" on the 
DSB-AM voice receiver, but will be audible during normal voice 
operations at signal levels well above the effective sensitivity of most 
ARINC-750 or ARINC-716 class radios.  The effect of such 
interference may be to limit the effective sensitivity, or, equivalently 
the operational range, of such receiving equipment. The acceptability 
of the interference is a human-factors issue that will depend on factors 
associated with the applications being transmitted, including the rate 
and duration of the digital bursts.  Periodic bursts with rates of 0.1 Hz 
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to 5 Hz are likely to be less acceptable than random transmissions or 
periodic transmissions with longer periods. 
Although analysis and controlled environment testing indicate that 
DSB-AM-on-data and data-on-DSB-AM interference can occur, use of 
VDL Mode 4 and VDL Mode 2 to date has not indicated that such 
interference is a significant operational issue.  This may be due to the 
relatively low loading of the digital channels. 
The operational effect of Communication (ATC and AOC) traffic 
loading on DSB-AM voice is expected to be similar for VDL Mode 4 
and VDL Mode 2, although the actual structure of the messages will 
be different.  VDL Mode 4 can be expected to send shorter messages 
more often, while VDL Mode 2 will likely convey the same information 
with longer messages more widely spaced.  The impact of ATC or 
AOC load on voice operations has not yet been quantified. 

3. If sufficient frequency separation between the interfering systems 
cannot be maintained due to frequency management constraints (as 
may be the case in the FMG assignments), then interference between 
VDL Mode 2 and VDL Mode 4 transmissions can be expected to 
cause a loss of approximately 2% of the digital messages received at 
the aircraft.  Protocols and applications must be designed with robust 
properties, such as automatic-repeat-request techniques and 
appropriately long timeouts to operate successfully in this type of loss 
environment.  This is of particular concern in broadcast 
communications, such as ADS-B, and in time-critical deliver.  Both of 
these applications are key elements of the VDL Mode 4 operational 
concepts, therefore, such considerations should be of major 
importance to the VDL Mode 4 community.  

4. If VDL Mode 4 is to be used for surveillance only, it may be 
appropriate to locate the VDL Mode 4 operations in the upper VOR 
band, 112-118 MHz, provided that appropriate regulatory approvals 
can be given.  In this case, appropriate pre-selection filtering may 
improve the interference immunity of VDL Mode 4 from both DSB-AM 
voice and VDL Mode 2 transmissions.  Location of VDL Mode 4 in the 
VOR band, however, comes with two potential penalties.  First, the 
frequency coordination will have to be carefully managed to assure 
that VDL Mode 4 does not interfere with the VOR navigation function 
that has a primary allocation in this band.  This will require a 
separation of several hundred kilohertz from any VOR channel, as 
indicated in Table 23.  This required separation, will impact the 
allocation of  VDL Mode 4 Channels in the NAV band.  Second, Table 
23 indicates that it is unlikely that VDL Mode 4 can co-exist in the 
upper VOR band with the VHF Data Broadcast GBAS).   
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APPENDIX B:  ASSUMPTIONS AND METHODOLOGY FOR 
INTERFERENCE ANALYSIS 

Equation Section  2 
All of the VHF voice and data link receivers and all of the VHF 

voice and data link transmitters have similar specifications, therefore we 
can bound the interference issues by means of a interference link 
budgets for each combination of VHF-on-VHF interference.  The analysis 
is summarized in a series of two-part tables (Tables 1 to 21). Each table 
contains certain header information, including the following: 
1. Source: identification of the interference source.  This is the on-board 

transmitter that generates the interfering signal, either through its off-
channel emissions or through its large on-channel transmitted signal.  
Tables 1 through 21 of this report use DSB-AM High as a high-power 
DSB-AM transmitter, VDLM4 as a VDL Mode 4 transmitter and 
VDLM2 as a VDL Mode 2 transmitter; 

2. Channel separation:  the baseline for each interference budget is a 
frequency separation of 100 kHz, i.e., a separation of four 25 kHz 
VHF channels or 12 8.33 kHz VHF voice channels.  While this value is 
adopted as a baseline, computations within the interference budgets 
compute the actual separation necessary to achieve a "no 
interference" condition; 

3. Aircraft type:  this entry indicates the type of aircraft (see reference [8] 
for definitions) and the antenna location.  This entry also indicates if 
the antennas are on the same side (Figure B. 1) or opposite side 
(Figure B. 2) of the aircraft.  
These values serve to bound the isolation achievable between top-
front and bottom-front or top-aft and bottom-aft antennas.  Slightly 
more isolation might be achievable between wing-mounted, top-front 
and bottom-aft or top-aft and bottom-front antenna locations.  But the 
diversity requirements of VDL Mode 4 and the dual DSB-AM 
requirement for fault-free operation assure that some communications 
must occur using isolations of between 38 dB and 53 dB.  Therefore, 
these are the bounding values used in the analysis. 

4. Emissions roll-off:  transmitter emissions are composed of three major 
components: modulator noise, phase noise, and the noise floor of the 
transmitter radio.  Modulator and phase noise roll off with frequency 
offset from the carrier.  The various VDL MOPS all assume a 5 
dB/octave rolloff, which is slightly more optimistic than the 3 dB/octave 
provided by the typical 1/ f characteristic of the phase noise alone.  
For all transmitters, transmitter noise figure of 16 dB is assumed.  This 
noise figure is achievable in moderately priced communications 
transceivers; 
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VHF1 VHF2

Same side
Isolation
measured 
transmitter port to 
receiver port

 
Figure B. 1 Same-Side (top-to-top or bottom-to-bottom) Transmitter-

to-Receiver Isolation 
 

 

VHF1

VHF2

Top to Bottom
Isolation
measured 
transmitter port to 
receiver port  

Figure B. 2 Opposite Side (top-to-bottom) Transmitter-to-receiver 
isolation 
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5. IF Filter roll-off:  most modern VHF communications transceivers uses 
crystal filters to achieve good intermediate frequency (IF) selectivity 
and to satisfy the adjacent channel rejection requirements of the 
MOPS.  For all aircraft, an IF filter rolloff of 36 dB/octave  is assumed.   

The first half of Tables 1 to 21 addresses the issue of off-channel 
interference.  A generic form for an interference budget analysis for of off-
channel interference is shown in Table B 1. This table provides the 
structure and assumptions used to construct the off-channel interference 
analysis. The elements of the interference budget are indicated in the 
second column.  The third through sixth columns indicate either the 
appropriate values for each entry, as established by the various MOPS or 
ARINC Characteristic, or indicate the computation necessary to generate 
that entry.  The seventh column indicates the units used to describe the 
item and the eighth column is the mathematical symbol used to represent 
the element in the various equations. The elements of Table B 1 include 
the following: 

 
1. Source off-channel emissions: this element corresponds to the power 

spectral density emitted by the source transmitter measured as an 
absolute power value over a specified measurement bandwidth, 
centered a specified number of kilohertz from the nominal channel 
frequency.  The value is specified by the applicable MOPS in either 
decibels relative to one milliwatt (dBm) or in power level relative to the 
on-channel carrier, given in decibels (dBc).  For DSB-AM transmitters, 
this value is based on the Eurocae DSB-AM MOPS requirement of -
99 dBc/Hz at 8.33 kHz offset. This value is adjusted to 100 kHz based 
on the assumed emissions roll-off factor discussed above; 
 

2. Transmitter-to-receiver isolation:  the isolation between the output port 
of the source transmitter and the input port of the victim receiver, 
including all cable losses, antenna gains, and spatial separation 
losses.  The assumed isolations for all of the aircraft types are 
indicated.   For Large aircraft, an antenna-port-to-antenna-port 
isolation of 35 dB (same side) and 50 (opposite side) are assumed, as 
required by ARINC 716.  An additional 3 dB of net isolation (cable loss 
less antenna gain, in decibels) is added to arrive at the values of 38 
and 53 dB, respectively.  The values for Small aircraft (22 dB and 48 
dB) are based on Honeywell measurements conducted on a Citation 
V, which are taken to be representative of the Small class in general.  
The values for Light aircraft (20 dB and 40 dB) are based on 
Honeywell measurements taken on a Cherokee 6, which are taken to 
be representative of the class in general.   

 
3. Source off-channel emissions at victim receiver: the level of the off-

channel emissions incident at the victim receiver input port, given in 
the same units as item 1.  From the viewpoint of the victim receiver, 
off-channel emissions fall within the processing bandwidth of the 
receiver and cannot be attenuated by additional filtering at the 
receiver; 
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4. Emissions bandwidth:  this is the emissions bandwidth specified in the 
relevant MOPS or other standard as part of definition of item 1; 

 
5. Interference Power or Power Spectral Density:  for VDL Mode 2 and 

VDL Mode 4 as victim systems, this value is computed using the 
emission level (item 3) and the emissions bandwidth (item 4) under 
the assumption that the emission spectrum is essentially flat across 
the bandwidth of interest.  For DSB-AM victim receivers, this is the 
absolute power in the receive band, assuming a DSB-AM noise 
bandwidth of 6 kHz; 

 
6. Reference desired signal level: the minimum signal at which a MOPS-

compliant receiver is tested to assure compliance with the adjacent 
channel rejection requirements.  The MOPS for VDL Mode 2 and 
Mode 4 and DSB-AM all establish this as a quantity known as the 
"reference signal level" at a value of -87 dBm.  This is not the 
minimum sensitivity of any of the receivers!  The MOPS generally 
specify a signal level of 8-11 dB lower, i.e., -95 to -98 dBm, as the 
minimum signal level at which performance must be achieved in an 
additive white Gaussian noise environment.  Typical air-transport (i.e. 
ARINC characteristic) quality equipment may achieve the 
performance a another 5-10 dB below the MOPS minimum sensitivity 
level.  In particular, ARINC-716 DSB-AM receivers frequently achieve 
-107 dBm sensitivity. 

 
7. Data Rate:  this is the victim signalling rate in units of symbols per 

second.  For VDL Mode 2, there are 10,500 D8PSK symbols per 
second.  For VDL Mode 4, there are 19,200 binary GFSK symbols per 
second.  For DSB-AM, this value is not applicable; 

 
8. 0 0/( )sE N I+  or /( )S N I+ :  for digital victim systems, this entry is 

the ratio of the energy per channel symbol to the combined power 
spectral density of the noise and interference, measured with the 
reference desired signal level.  For DSB-AM systems, this is the ratio 
of the on-channel reference desired signal level to the combined 
power of interference and noise in the 6 kHz DSB-AM bandwidth; 

 
9. Required Signal-to-noise:  this is the ratio required to maintain the 

desired performance.  This value consists of the theoretical symbol 
energy to noise spectral density ratio plus a factor for implementation 
losses.  For VDL Mode 2, the value of this item is supported by the 
relevant link budgets of DO-224A, Appendix L. There is some risk 
associated with this assumption, as the MOPS value is 
unsubstantiated by analysis. The value for VDL Mode 4 includes the 
18 dB theoretical signal-to-noise ratio contained in the Mode 4 link 
budget of ED-108 plus 1 dB for implementation loss and a 3 dB 
allowance for power-splitter gain; 

10. Margin (+) or Deficit (-):  this entry indicates the margin, in decibels, 
obtained when a MOPS-compliant receiver is subjected to the 
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adjacent channel interference level estimated from the transmitter 
emissions (item 1) and the available isolation (item 2); 

11. Specified separation:  this value is given in the relevant MOPS 
emission specifications as the separation in frequency between the 
adjacent channel and the nominal center frequency of the source 
transmitter. Per the assumption stated earlier, the initial analysis is 
performed at 100 kHz separation between source and victim; 

12. Maximum allowable interference:  this value is computed from the 
reference desired signal level (item 6), the required signal-to-noise 
ratio (item 9), and the receiver noise floor.  A noise figure of 14 dB is 
assumed for all VHF communications receivers.  The receiver noise 
floor, in power-spectral density, is given by 

 NoiseFigure/10
0 10N kTF kT= = ×  (1) 

or, in decibel form 

 [ ] [ ]0 10 10/
10 log ( ) 10log ( ) 174 dBm/Hz

dBm Hz dB
N kT F F= + = − +  (2) 

The maximum interference power spectral density, 0 ,MAXI  is 
determined by setting the signal-to-noise-plus-interference-density 
ratio at the reference signal level to be equal to the signal-to-noise-
density ratio at the minimum signal level, and solving for 0 ,MAXI  

 

00 0

0 0 0

0 0

0 0

1

1

MINREF
MAX

MAX MAX
REF

MIN

MAXREF

MIN

PP
NN I

N I IP
P N N

P N I
P

=
+

+
= = +

 
− = 

 

 (3) 

In decibel form, 

 ( )([ ] [ ] ) /10
0 / 10 0 /[ ] 10 log 10 1 [ ]REF dBm MAX dBmP PMAX

dBm Hz dBm HzI N−= − +  (4) 

which is the form given in the table.  For DSB-AM, the power density 
is converted to an absolute power by using the DSB-AM processing 
bandwidth.  In decibel form 

 0 10[ ] [ ] 10 log ( ),MAX MAX
dBm DSB AMI I B −= +  (5) 

where DSB AMB −  is the DSB-AM IF bandwidth in Hertz; 

13. Necessary total separation (in channels):  this value, given as an 
integer number of 25 kHz channels, is computed under the previously 
stated assumption that the source transmitter rolls off at 5 dB/octave 
from the value in item 1.  For example, if the deficit in Item 10 is -6.8 
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dB, the emissions rolloff is 5 dB/octave, and the noise floor of the 
transmitter is -108 dBm/Hz, the computation of this item is 

 
[ ] [ ]0 0 dBm/Hz dBdBm

( 6.8 dB)/(5 dB/octave)

IF  THEN

100 kHz      2 11 channels
25 kHz

ELSE
      The system performance is limited by the transmitter noise floor.
END

MAX
T T RI N L

N

−

− −

  > − 

  ∆ = × =  
  

 (6) 

 
where *   is the integer ceiling function that returns the integer value 
greater than or equal to the argument, 100 kHzf∆ =  is the frequency 
separation identified in Item 11, and the channel spacing is 25 kHz; 

14. Necessary total separation (in frequency): this value converts the 
number of channels computed in item 13 to a spacing in kilohertz, 
based on the 25 kHz channel separation required for all modes of 
VDL. 

 
The second half of each of the individual tables (Table 1 to Table 

21) addresses the issue of desensitization interference.  A generic form 
for such an interference budget for desensitization interference effects is 
shown in Table B 2.  The elements of the interference budget are 
indicated in the second column.  The third through sixth columns indicate 
either the appropriate values for each entry, as established by the various 
MOPS or ARINC Characteristic, or indicate the computation necessary to 
generate that entry.   The seventh column indicates the units used to 
describe the item, and the eighth column is the mathematical symbol 
used to represent the element in the various equations.  The elements of 
the desensitization interference budget include the following: 
1. Source Transmitter Power: the on-channel transmitter power of the 

interference source, given in watts; 
2. Source Transmitter Power: the on-channel transmitter power of the 

interference source, given in decibels relative to one milliwatt (dBm).  
Item 2 is a simple mathematical computation based on Item 1, as 
shown in the table; 

3. Transmitter-to-receiver isolation:  the isolation between the output port 
of the source transmitter and the input port of the victim receiver, 
including all cable losses, antenna gains, and spatial separation 
losses.  The assumed isolations for all of the aircraft types are 
indicated.  For Large aircraft, an antenna-port-to-antenna-port 
isolation of 35 dB (same side) and 50 (opposite side) are assumed, as 
required by ARINC 716.  An additional 3 dB of net isolation (cable loss 
less antenna gain, in decibels) is added to arrive at the values of 38 
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and 53 dB, respectively.  The values for Small aircraft are based on 
Honeywell measurements conducted on a Citation V, which are taken 
to be representative of the Small class in general.  The values for 
Light aircraft are based on Honeywell measurements taken on a 
Cherokee 6, which are taken to be representative of the class in 
general; 

4. In-band signal level at victim receiver input:  the level of the in-band 
signal incident at the victim receiver input port, given in dBm.  For this 
analysis "in-band" means within the VHF communication band, with 
possible extensions to cover the VHF navigation band.  For this 
analysis, "in-band" is not a synonym for "co-channel", i.e., the analysis 
assumes that emissions on the same aircraft will not be on the same 
operating channel as the victim receiver; 

5. Specified adjacent channel rejection for victim receiver:  the minimum 
amount of rejection or attenuation of the in-band interference signal 
that must be provided by MOPS-compliant victim avionics, given in 
dB; 

6. Reference desired signal:  the minimum signal at which a MOPS-
compliant receiver is tested to assure compliance with the adjacent 
channel rejection requirements.  The MOPS for VDL Mode 2 and 
Mode 4 and DSB-AM all establish this as a quantity known as the 
"reference signal level" at a value of -87 dBm.  This is not the 
minimum sensitivity of any of the receivers!  The MOPS generally 
specify a signal level of 8-11 dB lower, i.e., -95 to -98 dBm, as the 
minimum signal level at which performance must be achieved in an 
additive white Gaussian noise environment.  Typical air-transport (i.e. 
ARINC characteristic) quality equipment may achieve the 
performance a another 5-10 dB below the MOPS minimum sensitivity 
level.  In particular, ARINC-716 DSB-AM receivers frequently achieve 
-107 dBm sensitivity; 

7. Frequency offset at Adjacent Channel Rejection specification:  the 
MOPS define both a rejection (item 5) and a frequency separation 
(this item); 

8. Maximum permissible in-band signal:  this value is computed from the 
MOPS-based standard signal level (item 6) and the specified adjacent 
channel rejection (item 5), and is given in dBm.  Signal levels larger 
than this value may cause harmful interference; 

9. Margin (+) or Deficit (-):  this entry indicates the margin, in decibels, 
obtained when a MOPS-compliant receiver (items 5 and 6) is 
subjected to the in-band interference level estimated from the 
transmitter power (items 1 and 2) and the available isolation (item 3); 

10. Channel Separation at specified adjacent channel rejection:  this 
value is given in the relevant MOPS adjacent channel rejection 
specifications as the separation in frequency between the interfering 
signal and the desired signal at the standard signal level (item 6).  The 
value in absolute frequency (i.e. Hertz or kilohertz) is converted to a 
separation in channels assuming a 25 kHz channel separation; 
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11. Necessary total separation (channels):  this value, given as an integer 
number of 25 kHz channels, is computed under the assumption that 
the victim receiver IF filter rolls off at 36 dB/octave from the MOPS-
specified adjacent channel rejection at the MOPS-specified frequency 
separation.  A rolloff of 36 dB per octave is representative of 
commercially available VHF receivers. The explanation of the 
computation is similar to item 13 of Table B1; 

 
12. Necessary total separation (frequency): this value converts the 

number of channels computed in item 10 to a spacing in kilohertz, 
based on the 25 kHz channel separation required for all modes of 
VDL. 

 
Finally Table B 3 provides a complete summary of the 

assumptions and elements used in the interference analysis in this 
Appendix. 
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Table B 1 Pro-forma Off-Channel Interference Budget, with assumptions and equations 
  DSB-AM VDL M2 VDL M3 VDL M4 Units Symbol 

1 Source off chan. 
emissions  -60 dBc @ 5 kHz -18 dBm/16 kHz @ 25 kHz, or -28 dBm/25 kHz @ 50 kHz or 

-38 dBm/25 kHz @ 100 kHz or -53 dBm/25 kHz @ 800 kHz dBm or dBc
Watts[ ] /[ ]T TS P  or 

Watts[ ]TS  per 
B @ f∆  

2 
Transmitter-port-to-
receiver-port isolation  
(same side / opp side) 

20 dB/40 dB(Light aircraft) 
22 dB/48 dB (Small aircraft) 
38 dB/53 dB (Large aircraft) 

dB T RL −  

3 
Source off chan. 
emissions at victim 
receiver 

( )dBm 10 Watts[ ] 10 log [ ] 30R T T RS S L −= +  dBm dBm[ ]RS  

4 Emissions bandwidth  dB-Hz 10[ ] 10 log ( )B B=  dB-Hz dB-Hz[ ]B  

5 Interference Power 
Spectral Density dBm/Hz dBm dB-Hz[ ] [ ] [ ]PSD RS S B= −  dBm/Hz dBm/Hz[ ]PSDS  

6 Minimum desired 
signal 

-87.0 
(DO-186A, 2.2.11) 

-87.0 
(DO-281, 2.2.1.2 

ED-92 Part I, 3.2.1) 

-87.0 
(DO-271, 2.2.1.2) 

-87.0 
(ED-108, 3.2.2) dBm dBm[ ]REFP  

7 Data Rate n/a 10,500 sps 
40.2 dB Hz 

10,500 sps 
40.2 dB Hz 

19,200 bps 
42.8 dB-Hz dB-Hz D dB-Hz[ ]f  

8 
Signal-to-noise Ratio 
Es/(N0+I0), S/(N+I), or 
S/P 

[ ] ( )
( )

0

0

/ 10 / 10
0 0 0 dBm D dB-Hz 10dB

/ 10 / 10
dBm 10 10

,       /( ) [ ] [ ] 10 log 10 10

/( ) [ ] 10 log 10 10 10 log ( )

PSD

PSD

N S
s REF

N S
REF DSB

N kT F E N I P f

S N I P B

= × + = − − +

 + = − + + 

 dB [ ]
0 0 dB[ /( )]

/( )
s

dB

E N I
S N I

+
+

 

9 Required Es/(N0+I0), 
S/(N+I), or S/P 

S/P =12 dB for M4 
S/P = 6 dB for M2  21.8 dB (DO-224A, App L) 21.8 dB (DO-224A, App L) 22 dB dB 0 0 dB[ /( )]sE N I+  

10 Margin (+) or deficit (-) [ ] [ ]dB 0 0 0 0dB dB
[ ] /( ) (item 8) /( ) (item 9)s sM E N I E N I= + − +   channels dB[ ]M  

11 Specified Separation f∆  Hz f∆  

12 Maximum allowable 
interference 

[ ] ( ) [ ]( ) / 10
0 10 10 0 10 0/ //

0 10/

10 log ( ) 10 log ( ),   10 log 10 1

10 log ( )  (DSB-AM victim only)

REF MINP PMAX
dBm Hz dBm HzdBm Hz

MAX MAX
DSBdBm dBm Hz

N kT F I N

I I B

− = + = − + 

   = +   

, or dB 0
MAXI  

13 
 
Necessary total 
separation  [ ]dB

2 0 10 10

[ ]
log ( ) ,  with transmitter noise floor limit 10 log ( ) 10 log ( )

5 dB/octave 25 kHz T T T

M fN N kT G F∆ ∆ = × = + 
 

 channels N∆  

14 Necessary total 
separation  25 kHzf N∆ = ∆ ×  kHz f∆  
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Table B 2 Pro-forma Desensitization Interference Budget, with assumptions and equations 
  DSB-AM VDL M2 VDL M3 VDL M4 Units Symbol 

1Source Transmitter 
Power 

4 (DO-186A) 
16 (DO-186A) 

25 or 40  
(min/max  

ARINC 716 ) 

16 (DO-224A) 16 (DO-224A) 
4 (ED-108) 

20 (ED-108) 
 

watts Watts[ ]TP  

2Source Transmitter 
Power ( )dBm 10 Watts[ ] 10 log [ ] 30T TP P= +  dBm dBm[ ]TP  

3

Transmitter-port-to-
receiver-port isolation  
(same side / opposite 
side) 

20 dB/40 dB(Light aircraft) 
22 dB/48 dB (Small aircraft) 
38 dB/53 dB (Large aircraft) 

dB T RL −  

4In-band signal level at 
victim receiver input dBm dBm dB[ ] [ ] [ ]R T T RP P L −= −  dBm dBm[ ]RP  

5
Specified adjacent 
channel rejection for 
victim receiver 

60 dB @ 7.37 kHz
(DO-186A) 

60 dB @ 100 kHz 
ED-92 Part I) 

60 dB @ 100 kHz 
(DO-271) 

40 dB @ 25 kHz 
60 dB @ 100 kHz 

(ED-108) 
dB 

2
dB[ ]H  @ 

ACRf∆  

6Victim standard signal 
level  

-87.0 
(DO-186A, 2.2.11)

-87.0 
(DO-281, 2.2.1.2 

ED-92 Part I, 3.2.1) 

-87.0 
(DO-271, 2.2.1.2) 

-87.0 
(ED-108, 3.2.2) dBm min dBm[ ]P  

7Frequency offset at ACR 
specification 7370  100,000 100,000 100,000 Hz ACRf∆  

8Maximum permissible in-
band signal 

2
max-IB dBm min dBm dB[ ] [ ] [ ]P P H= +      dBm max IB dBm[ ]P −  

9Margin (+) or Deficit (-)  dB max-IB dBm dBm[ ] [ ] [ ]RM P P= −  dB dB[ ]M  

10
Channel Separation @ 
specified adjacent 
channel rejection 

ACR
ACR 25 kHz

fN ∆
∆ =  channels ACRN∆  

11Necessary total 
separation  

dB
2

[ ]
log ( ) ,   

36 dB/octave 25 kHz
M fN ∆ ∆ = × 

 
 channels N∆  

12Necessary total 
separation  25 kHzf N∆ = ∆ ×  kHz f∆  
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Table B 3 Summary of Assumptions Used in VHF Interference Analysis 
Category Parameter Value Symbol Source 

Aircraft-related assumptions 
Transmitter-to-receiver 
isolation 

Large aircraft, same side 
Large aircraft opposite side:  

38 dB 
53 dB 

T RL −  Boeing, Airbus 

Transmitter-to-receiver 
isolation 

Small aircraft, same side 
Small aircraft, opposite side 

22 dB 
48 dB 

 Honeywell measurements  on 
Citation V 

Transmitter-to-receiver 
isolation 

Light aircraft, same side 
Light aircraft, opposite side 

20 dB 
40 dB 

 Honeywell measurements  on 
Cherokee 6 

Link-independent assumptions 
Reference signal level all links -87 dBm [ ]REF dBm

P  DO-186A, ED-92 Part I, DO-281 

Minimum signal level all links -98 dBm [ ]MIN dBm
P  DO-186A; ED-92 Part I, DO-281 

Communications receiver 
noise figure 

all links 14 dB [ ] dB
F  Honeywell, Rockwell-Collins 

Communications 
transmitter (avionics) 
noise figure 

all links 16 dB [ ]T dB
F  Honeywell 

Communication 
transmitter gain 
(avionics) 

all links 50 dB [ ]T dB
G  Honeywell 

Communication 
transmitter noise floor 

all links -108 dBm/Hz [ ]0 /T dBm Hz
N  Computation, see Table B 1 

Emissions roll-off factor all links 5 dB/octave  ED-92 Part I, DO-281, DO-271A 
IF filter roll-off factor all links 36 dB/octave  Honeywell, Rockwell data sheets 
Communication receiver 
noise floor 

all links -160 dBm/Hz 
0 /[ ]dBm HzN  Computation, see Table B 1 

Digital link assumptions applicable to Mode 2 and Mode 4 
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Category Parameter Value Symbol Source 
Adjacent Channel 
Emissions 

at 25 kHz 
at 50 kHz 
at 75 kHz 
at 100 kHz 
at 800 kHz 

-18 dBm/16 kHz 
-28 dBm/25 kHz 
-28 dBm/25 kHz 
-38 dBm/25 kHz 
-53 dBm/25 kHz 

dBm[ ]TS   
B @ f∆  

ED-92, Part I 
DO-281 
DO-271A 

Adjacent Channel 
Rejection 

at 25 kHz 
at 100 kHz 

40 dB 
60 dB 

2
dB[ ]H  @ 

ACRf∆  
ED-92, Part I 
DO-271A 
 

Adjacent Channel 
Rejection 

at 25 kHz 
at 100 kHz 

40 dB 
60 dB 

 DO-281 (see note 1) 

DSB-AM Specific parameters 
Emissions level at 8.333 kHz -99 dBc/Hz Watts[ ]TS  per 

B @ f∆  
 

Adjacent Channel 
Rejection 

at 7370 Hz 60 dB 2
dB[ ]H  @ 

ACRf∆  
 

Maximum Transmitter 
Power 

 40 W = 46 dBm Watts

dBm

[ ]
[ ]

T

T

P
P

 
ARINC-716 

Minimum Transmitter 
power 

 25 W = 44 dBm Watts

dBm

[ ]
[ ]

T

T

P
P

 
ARINC-716 

Required signal-to-pulse 
(S/P) ratio VDL Mode 4 

 12 dB  WP7 to ICAO AMCP WG-B 

Required signal-to-pulse 
(S/P) ratio VDL Mode 2 

 6 dB  WP7 to ICAO AMCP WG-B 

VDL Mode 4 specific parameters 
Transmitter power  20 W = 43 dBm Watts

dBm

[ ]
[ ]

T

T

P
P

 
ED-108 

Bits-per-channel symbol  1 (binary)  ED-108 
Channel symbols per 
second 

 19,200 
Df  ED-108 

Required 0/SE N   22 dB (note 3) ( )0/S REQD
E N Computation, assumes 18 dB 

theoretical requirement, 4 dB 
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Category Parameter Value Symbol Source 
implementation and splitter losses 
 
 

VDL Mode 2 specific parameters 
Minimum transmitter 
power 

 16 W = 42 dBm Watts

dBm

[ ]
[ ]

T

T

P
P

 
DO-224A, DO-281 

Bits-per-channel-symbol  3 ( eight phase)  DO-224A 
Channel symbols per 
second 

 10,500 
Df  DO-224A 

Required 0/SE N   21.8 dB ( )0/S REQD
E N DO-224A, Appendix L 

Navigation system parameters 
Localizer     
 Standard signal level -86  dBm DO-195 
 Adjacent Channel Rejection 60 dB at 42 kHz  DO-195 
 Minimum comm port isolation 50 dB  Honeywell, based on Global 

Express aircraft; Boeing data 
indicates increased isolation 

 Allowed interference power 
spectral density 

-122.3 dBm/Hz  Honeywell computation based on 
5% standard deflection at 
electrical (autopilot) interface in 
0.3 Hz bandwidth. 

Glideslope     
 Standard signal level -76 dBm  DO-192 
 Adjacent Channel Rejection 60 dB outside of G/S 

band 
 DO-192 

 Minimum comm port isolation 80 dB  Boeing data  
 Allowed interference power 

spectral density 
-104.5 dBm/Hz  Honeywell computation based on 

5% standard deflection at 
electrical (autopilot) interface in 
0.3 Hz bandwidth 

VOR     
 Standard signal level -79 dBm  DO-196 
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Category Parameter Value Symbol Source 
 Adjacent Channel Rejection 60 dB at 150 kHz  DO-196 
 Minimum comm port isolation 50 dB  Honeywell, based on Global 

Express aircraft; Boeing data 
indicates increased isolation 

 Allowed interference power 
spectral density 

-120.2 dBm/Hz  Honeywell computation based on 
0.5 deg. bearing error at electrical 
(autopilot) interface in bandwidth 
of 0.3 Hz. 

VDB     
 Standard signal level -87 dBm  DO-235A 
 Adjacent Channel Rejection 46 dB at 75 kHz  DO-235A 
 Minimum comm port isolation 50 dB  Honeywell, based on Global 

Express aircraft; Boeing data 
indicates increased isolation 

 Allowed interference power 
spectral density 

-149.0 dBm/Hz  Honeywell computation, based on 
reference signal level 

Notes: 
1.  The values in DO-281, i.e. 44 dB at 25 kHz, will be changed to coincide with DO-271, Change 1, which is as given in the table. 
2.   Not used 
3.  VDL Mode 4 required Eb/N0 of 22 dB = 18 dB theoretical Eb/N0 + 3 dB splitter loss (2 channels) + 1 dB implementation loss.  The 18 
dB Eb/N0 requirement is given in the link budget of ED-108, but is not substantiated by analytical derivations. 
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