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SUMMARY

This paper summarizes the request for information by the FAA concerning VDL
transmitter spectrum output.  It provides the status of activities associated the
FAA’s investigation into potential RF interference mechanisms between VDL
mode 2 & 3 equipment, and existing analog radios.  Results from this activity will
be used to propose changes, if required, to the existing RF mask identified in the
VDL SARPS.  The attached request for information was originally released on the
internet in July of 1998.



Background:

The FAA has been investigating potential RF interference into existing analog radios,
caused by transmitters built to the minimum RF mask specification in the VDL SARPS.
Concern has been raised in AMCP working groups B&D that the present RF mask could
allow operational equipment that poses significant spectrum management transition
challenges.  Specifically, the present mask may not provide adequate adjacent channel
performance for efficient introduction of the new waveform, (i.e. minimal guard
channels), into the already heavily occupied VHF spectrum.  Further, the waveform
rolloff of 5 dB per octave may not provide sufficient margins for interference protection
to existing VHF receivers that are co-sited, (i.e. connected to antennas on the same
platform or at the same site), and operating many channels from the interfering signal.
The first concern arises from the general operational structure of  air traffic control, air-
to-ground communications - multiple sectors of controllers, and their controlled aircraft,
operating on adjacent VHF voice channels in close proximity to one another.  The second
concern is related to the simultaneous operation of multiple VHF radios on the same
aircraft, or within the same ground site - a present day reality that is expected to continue
and likely increase in occurrence in the future.

Discussion:

To assist in these investigations, the FAA has solicited industry comment and
prototype hardware to further clarify the existing interference environments, and to
demonstrate the potential of current technology to mitigate these concerns.  Attachments
1) and 2) are the solicitation, and subsequent clarification, that were posted on the FAA’s
homepage, and distributed to both the RTCA and the AMCP membership on July 24,
1998.  The specific address for retrieving an electronic version of these documents from
the FAA website is: http://www.asu.faa.gov/faaco.

To date, the FAA has received 8 written responses, and has been notified that 5
vendors intend to provide hardware for test at the technical center before the November
2nd due date.  It is the FAA’s intention to provide summary information, on a non-
attribution basis, of both the written responses and the test data collected at the technical
center.  This information will be used to identify the state-of-the-art and the general trend
of technology available to support any proposed RF mask change, or any additional
guidance material required.  A test report, along with recommendations, will be presented
at the January joint Working Group B&D meeting.  Preliminary information will be
presented at the Working Group B meeting in October.



VHF Digital Link (VDL) Radio Interference Investigations - Request for Information

The FAA is seeking industry and user community comment, and prototype hardware where applicable,
addressing the transition of NAS air/ground communications, from its present analog structure to a new
digital communications architecture.  This transition will span a 10 year time-frame, and employ multiple
VDL equipments as presently identified in ICAO SARPS.  The NAS 3.0 Architecture outlines the
implementation of this transition, which is baselined in the NEXCOM and Aeronautical Datalink Programs.
Attachment 1 (Air/Ground Communications System Performance Analysis) provides the specifics of the
spectrum operating environment that the FAA is addressing in this RFI.  The FAA is requesting
commentary, backed by demonstration hardware, to aid in determining availability of a best-value radio
component for future air/ground communications.  The FAA will use the results of these activities at AMCP
6 in March 1999, to recommend VDL SARPS validation.

This announcement is a Request for Information (RFI).  This announcement IS NOT A SCREENING
INFORMATION REQUEST (SIR) OR REQUEST FOR PROPOSAL (RFP) of any kind.  Further,
the FAA is not seeking or accepting unsolicited proposals.

All interested parties are advised that the FAA will not pay for any information or any
administrative costs incurred that are associated with any response received from industry in
response to this RFI announcement.  Therefore, any costs associated with RFI submissions will be
solely at the interested party’s expense.

BACKGROUND:

The FAA has been conducting exploratory testing at the William J. Hughes Technical Center (WJHTC) on
VDL equipment, with the intent of identifying the desirable spectral containment features for future digital
communications waveforms.  These spectral characteristics must address both the long-term, fully
implemented digital air/ground communications infrastructure, as well as accommodate a smooth transition
from the current analog system.  Testing to date, although incomplete, indicates that it is potential
interference of the digital system into the analog system that is the most demanding.  These tests have
shown good correlation with results of similar testing conducted within the United Kingdom.  Finally, these
tests have identified two separate areas of concern requiring further investigation and industry input:

a)  adjacent or near-channel interference from off-board transmitters operating within 1-3
channels of the desired signal, and

b)  co-site interference arising from on-board, or same site VDL transmitters, operating
simultaneously with the reception of VHF signals virtually anywhere within the 118-137 MHz
band.

Item a) addresses the spectrum management aspect of system implementation, (i.e. the greater the close-in
spectral containment, the greater the system efficiency and planning flexibility to increase NAS services).
Item b) addresses both the ground and airborne need to operate multiple radio systems simultaneously to
meet future ATC and AOC voice and datalink communications needs.  While there is some need to support
simultaneous operations today, this requirement has typically been characterized by relatively low duty
cycle transmissions of analog voice and ACARS datalink.  The NAS Architecture dictates that this
simultaneous operation requirement will grow substantially in the future.  This problem is exacerbated
during the transition to digital communications by the need aboard aircraft, to support analog AOC voice,
digital ATC voice and digital AOC & ATC data services.

Attachment 1 compares the present VDL SARPS with the ideal “system” performance desired.  It provides
the rationale for this system performance through a first-order, worst-case analysis that is consistent with
current analog system planning and co-siting practices.  It also discusses the impact to future NAS planning
of moving the specific operating points defined.  The FAA recognizes that the radio is but one component
of the overall system.  As such, the FAA requires a full understanding of the radio’s potential contribution



to system performance, prior to implementing other spectrum interference mitigation techniques, with their
own potential for limiting system flexibility.

Objective:

The objective of this RFI is to identify the specific radio spectral output operating points that provide the
maximum NAS communications system flexibility, and that represent a best-value solution in meeting the
operational need.  The FAA intends to establish and recommend to ICAO, a fully coordinated industry and
user community position that is backed by substantive data, collected from industry developed hardware.
To support this, the FAA requests that interested radio vendors review the attachment, and provide
comment relative to the system requirements, and the expected performance of VDL equipment against
these requirements.  In particular, the FAA seeks commentary regarding design complexity, sensitivity to
specific operating points, and cost trade-offs within the radio to meet potentially more stringent spectral
output demands.  The FAA is also seeking input and guidance from user organizations, avionics system
integrators, airlines and aircraft manufacturers in addressing these requirements from a broader systems
perspective.  Finally, the FAA invites specific recommendations for system level mitigation techniques.

All responses to this RFI will be properly secured and protected by the FAA.  All proprietary information
should be so marked.  Individual company responses will be held in strict confidence, and will not be
disclosed to other vendors.

Schedule:

In order to meet the present VDL SARPS validation schedule, the FAA is requesting written responses to
this RFI by 31 August 1998.  The FAA will provide a summary review of these comments and analyses
(e.g. number and range of responses), to the AMCP Working Group B, 22-30 September 1998 (summary
review will not be vendor specific).  The FAA requests that prototype transmitter hardware,
demonstrating recommended spectral output performance, be delivered to the WJHTC by 02
November, 1998.  WJHTC will conduct test and evaluation during the month of November, and individual
vendors are invited to participate in the test of their hardware.  The FAA will report summary findings of all
evaluation efforts to the AMCP Working Groups B&D in January 1999.  Summary findings will not be
vendor specific.

The FAA will use the RTCA SC-172 as the forum for further clarifications and communications with
industry.  Additionally, the FAA will hold an industry day on September 24, 1998, (announced under
separate cover).  At that time, interested parties can meet one-on-one with FAA personnel to provide
additional comments and concerns, and provide status on prototyping activities.  Finally, in parallel with
this RFI, the FAA will conduct its own modeling and prototyping activities, and will share results with
industry via the RTCA SC-172 forum.



Attachment 1
Air/Ground Communications System Performance Analysis

Purpose

This paper compares the present VDL SARPS with the ideal “system” performance desired for NAS air/ground
communications.  It provides the rationale for this system performance, and discusses the impact to future NAS
planning of moving the specific operating points defined.

Discussion

Figure 1 below shows the present SARPs RF Spectral Output Requirement vs. the ‘Ideal’ Mode 2/3 System
Performance.  By ‘Ideal’ we mean that if the system performance shown is achieved, the transition to Mode 2/3 would
be transparent to NAS users, and frequency planning criteria presently in place would not have to be modified.  We
note that system level performance does not refer to radio performance alone.  Some external mitigation may be
needed, however this could limit system flexibility (e.g. an external filter could limit remote tunability, receiver
blanking can limit operational circuit utility, and transmitter blocking can impact circuit capacity).  Operational
procedures are assumed to be unchanged for purposes of this paper.

The -80 dBc point in the figure identifies the equivalent performance that would be achieved by the air to air system
planning criterion in existence today.  Moving the –80 dBc point to the right will effect overall NAS system capacity,
during the transition to digital communications, by increasing the number of guard channels required around sub-
bands identified for VDL.  Assigning adjacent channels at interference levels above this threshold will result in some
system interference between channels that requires further study for acceptability.  The -125 dBc point identifies the
noise suppression required to meet worst-case airborne and ground co-site environments.  Moving this point to the
right will effect an individual user’s ability to operate effectively on multiple simultaneous channels.  This limitation
will ultimately effect NAS efficiency and system planning flexibility, as it will introduce additional planning
considerations not present in the system today.
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Figure 1. Current SARPs vs “Ideal” System Performance



Air-to Air Interference Analysis

The Air to Air interference case is illustrated in figure 2.  This results of this scenario were derived using
the following worst case assumptions:

a) the victim airplane is assumed to be receiving the minimum guaranteed RF signal in the
service volume, -87 dBm,

b) the interfering aircraft is located 0.6 NM (74 dB path loss) away and presents a continuing
source of interference,

c) the interfering transmitter is assumed to be transmitting 15 watts (+42 dBm) of either a
Mode 2 or Mode 3 waveform with no attenuation losses, and

d) at the desired aircraft, the Desired/Undesired ratio to be maintained is assumed to be +30
dB D/U.  This D/U ratio is derived from testing carried out in the UK and at the WJH
Technical Center and is strictly associated with digital interference into analog radios.

The above assumptions result in an undesired signal level of -117dBm at the victim antenna. However, the
environmental noise floor is estimated to be:

-174dBm (thermal noise) + 20dB (VHF environmental noise figure) +10 log (16kHz) = -112dBm

Note: 16kHz detection bandwidth is assumed for both digital and analog systems.  This detection
bandwidth is used in interference calculations, rather than the 25kHz channel bandwidth specification in
the MASPS.

Since this scenario will be noise floor limited, the desired air to air interference performance can be
calculated as follows:

+42dBm - 74 dB - (Adjacent Channel Rejection) = -112dBm

Solving gives: ACR = -80dBc.

Desired Frequency F1 Desired Frequency F2

Where F1 and F2 are separated by
1 channels (25 kHz)

74 dB Path Loss

-87 dBm RF Signal

+42 dBm Mode 2/3 Xmitter

+30 dB D/U ratio needed at airplane.  D/U ratio derived
from Technical Center Subjective ATC Testing

Figure 2. Airborne Air-to Air Interference Scenario



Airborne and ground Co-Site Interference Analysis

The scenario used to derive the -125 dBc point on the graph is shown below in figures 3 and 4.  The co-site
airborne interference scenario shown in figure 3 is assumed to be a worst case situation using the following
assumptions:

a) the aircraft is receiving a desired signal at frequency F1 with an RF level of –87 dBm,
b) at frequency F2 the aircraft is transmitting a 15 watt (+42 dBm) Mode 2 or Mode 3 signal,
c) the antenna isolation between the two frequencies is assumed to be 29 dB, and
d) the separation in channels is assumed to be 8.
e) the environmental noise level (-112dBm) as shown above applies

Guaranteed Minimum
RF Signal in Service Volume
-87 dBm
Frequency F1

15 Watts RF Output (+42 dBm)
Mode 2/3 Waveform
Frequency F2

Antenna Isolation 29 dB

Frequency F1 and F2
separated by 8 channels

+30 D/U ratio needed to maintain
interference free communications

Figure 3. Airborne Co-Site Interference



Ground Scenario Assumptions

The ground scenario shown in figure 4 makes the following worst-case assumptions:

a) the RCAG is receiving a desired signal at frequency F1 with an RF level of –87 dBm,
b) at frequency F2 the RCAG is transmitting a 15 watt (+42 dBm) Mode 2 or Mode 3 signal,
c) the antenna isolation between the two frequencies is assumed to be 29 dB, and
d) the separation in channels is assumed to be 20, the minimum guaranteed by current spectrum
planning.

e) the environmental noise level (-112dBm) as shown above applies

RCAG
Facility

Antenna Isolation 29 dB 15 Watts RF Output (+42 dBm)
Mode 2/3 Waveform
Frequency F2

Frequency F1 and F2
separated by 20 channels

Received RF Signal of -87 dBm
Frequency F1

+30 D/U ratio needed to maintain
interference free communications

Figure 4. Ground Co-Site Interference



Posting:

The following is intended as clarification to the FAA NEXCOM Market
Survey/RFI released on 7/24/98:

As stated in the Market Survey/RFI, the FAA is seeking prototype
hardware to assist in the FAA's investigation of VHF Digital Link (VDL)
Radio Interference.  It is not required that said prototype equipment be
a full mode 3 radio (although the FAA will be more than happy to receive
and test a full mode 3 radio for VDL Radio interference investigation).
In order to assist the FAA in VDL Radio investigation, VDL transmitter
prototype equipment should be able to provide: 1) a signal source
(synthesizer/modulator), 2) a power amplifier, and 3) the ability of the
provided equipment to be turned on and off in accordance with mode 2 and
mode 3 timing characteristics (mode 2/3 ramp up & ramp down, and mode 3
management and data bursts in slot times required by TDMA).


