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A g e n d a  I t e m  3 :
Review of current VDL system (RF) SARPs

3.1 INTRODUCTION

3.1.1 Under this agenda item, the meeting considered the work undertaken by Working Group B
in relation to the action taken by the Air Navigation Commission on Recommendation 4/3 of AMCP/5, relating
to the revision on the very high frequency (VHF) digital link (VDL) Mode 2 radio frequency (RF) SARPs.

3.1.2 The reason for this activity was the results of the tests with VDL equipment conducted in
the United Kingdom, with subsequent tests in the United States, which had indicated a greater than expected
sensitivity of VHF double side band-amplitude modulation (DSB-AM) receivers on board an aircraft to VDL
on-board transmissions

3.1.3 Working Group B progressed its work during two meetings, one held from 30 to 31 July 1998
in Washington, D.C., United States and another from 19 to 28 January 1999 in Honolulu, Hawaii, United
States.

3.1.4 The Rapporteur of Working Group B was Dr. H. L. van Noort, from the Kingdom of the
Netherlands.

3.2 RESULTS OF THE WORK OF THE WORKING GROUP

3.2.1 On the basis of the tests presented, a protection ratio (desired to undesired (D/U) signal ratio)
was established which would provide for sufficient protection to the reception of the VHF DSB-AM signal.
Following the tests on a limited, but representative, number of VHF DSB-AM systems, using the subjective
assessments by panels of expert listeners on the acceptability of interference to the voice quality, it was
agreed that the protection ratio should be 30 dB.

3.2.2 It was recognized that the impact of the agreed D/U requirement on the planning of VDL
services also depended on the RF spectral width of the transmissions concerned. In this case, it was noted
that, compared to VHF DSB-AM voice transmissions, the RF spectral energy of VDL differential 8 phase
shift keying (D8PSK) transmissions extended over many more adjacent channels. This would affect the way
the VDL service was planned in the VHF band. 

3.2.3 Other assumptions included that the minimum desired signal level at the terminal of a lossless
isotropic airborne antenna was -82 dBm, consistent with Annex 10, Volume III, Part II, Chapter 2, paragraph
2.2.1.2, a minimum separation distance of 2 000 ft (300 meter) between aircraft and free-space propagation.
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3.3 INTERFERENCE FROM VDL MODE 2 INTO VHF
DSB-AM BETWEEN DIFFERENT AIRCRAFT.

3.3.1 On the basis of the results and assumptions above, the meeting agreed to tighten the spectrum
mask as provided in the appendix the report on this agenda item. This would require frequency channel
constraints in the ten channels, adjacent to the assigned VDL frequency (+/- 5 channels). It was considered
that these constraints could be accepted as they would not cause too many restrictions on full development
of a frequency assignment plan.

3.3.2 The results, containing the required minimum separation distances between two aircraft, are
given in Table 3.1 below:

Table 3-1.  Separation required versus channels offset; VDL to DSB-AM victim receiver

Channel offset
(measurement bandwidth kHz)

1st
(16 kHz)

2nd
(25 kHz)

4th
(25 kHz)

8th
(25 kHz)

16th
(25 kHz)

32nd
(25 kHz)

Desired signal level (dBm) -82 -82 -82 -82 -82 -82
D/U in receiver passband (dB) 30 30 30 30 30 30
Allowed interference signal
(dBm)

-112 -112 -112 -112 -112 -112

Present mask -20 -25 -30 -35 -40 -45
Bandwidth correction (dB) 0 2 2 2 2 2
Path loss required for 30 dB D/U
(dB)

92 85 80 75 70 65

Required separation (NM) 4.04 1.81 1.02 0.57 0.32 0.18

Proposed mask -18 -28 -38 -43 -48 -53
Bandwidth correction (dB) 0 2 2 2 2 2
Path loss required for 30 dB D/U
(dB)

94 82 72 67 62 57

Required separation (NM) 5.09 1.28 0.40 0.23 0.13 0.07

3.3.3 The meeting recognized that, although this mask would provide, together with frequency
management measures, for the necessary protection between aircraft when in flight, interference could still
occur when the aircraft were separated by less than 300 m during airport surface operations. Depending upon
the size of the two aircraft involved and upon the local circumstances, separation distances of 50 to 100 m
were identified, corresponding to free space RF path loss values of 48 to 54 dB. Taking the reflection of the
nearby ground into account, the actual values might be even 6 dB lower.
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1 Harmful interference is interference which endangers the functioning of a radio navigation
service, or of other safety services, or which seriously degrades, obstructs or repeatedly
interrupts a radiocommunication service operation in accordance with the ITU Radio
Regulations. 

3.3.4 With such low RF path loss values, the energy levels received by a victim receiver on one
aircraft from transmissions of a nearby transmitter on another aircraft would lead to interference irrespective
of the RF spectral mask specified for the transmitter.  The meeting noted that, on the basis of the current
experience, such interference involving two aircraft both using DSB-AM simultaneously was considered
acceptable. Consequently, the meeting expressed its view that similar interference from VDL Mode 2
transmissions could also be accepted. However, when full use of VDL Mode 2 would occur, the situation
might be different and might need further assessment on acceptability.

3.3.5 The meeting acknowledged that the number of channels for which planning criteria would
have to be developed was the most important factor with respect to the implementation of VDL. Furthermore,
the precise requirement for that first adjacent channel was reported to have a significant impact on the
possibility for manufacturers to meet the requirements for the second adjacent channel and further away. In
view of this, it was accepted to propose a 2 dB relaxation of the requirement for the first adjacent channel
when compared to the present mask.

3.4 ISSUES RELATED TO THE SIMULTANEOUS
OPERATION OF THE VDL AND VHF DSB-AM VOICE
COMMUNICATIONS ON THE SAME AIRCRAFT
(ON-BOARD, CO-SITE INTERFERENCE).

3.4.1 Dual VHF channel operation for DSB-AM voice on the same
aircraft.

3.4.1.1 The meeting noted that simultaneous operation of VHF DSB-AM voice operations on two
frequencies operated by two transmitters/receivers on board the same aircraft (co-site operations) involved
the situation where one frequency could be used to receive low-level radio frequency signals from a
(transmitting) ground station while the other frequency would transmit high-level radio frequency signal levels
from the aircraft.  When this situation occured, potentially harmful1 radio frequency interference was
expected over a wide range of channels. 

3.4.1.2 It was noted that, in practice, this kind of interference was normally overcome through
coordination between the pilot and co-pilot. Some difficulties with this situation had been reported and solved
through frequency changes.

3.4.1.3 It was noted that, for radio equipment with 25 kHz separation (or more), no radio frequency
spectrum mask (identifying the level of unwanted emissions outside the channel bandwidth) was specified in
the ICAO SARPs. For 8.33 kHz channel spacing, an adjacent channel power of -45 dB for the first adjacent
channel only had been identified.
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3.4.2 Simultaneous  VHF channel operation for DSB-AM voice and
data.

ACARS

3.4.2.1 It was reported that experience with the simultaneous operation of VHF DSB-AM voice and
ACARS on the same aircraft had shown that, due to the independent pseudo-random operations of ACARS,
interference over a band on each side of the ACARS assigned frequency could occur. In general, this
interference was considered acceptable due to the low duty cycle and short duration of ACARS messages.

VDL Mode 2

3.4.2.2 The meeting was advised that interference from the VDL, equally from Modes 2 and 3, was
potentially more serious due to the expected higher number of messages as the use of VDL Mode 2 increased
compared to today’s use of ACARS. The interference mechanism in this case is similar as described in
3.4.1.1 above. There is a potential for harmful interference to the VHF DSB-AM voice system when the
VDL system is transmitting simultaneously with the reception of VHF DSB-AM voice signals on board the
same aircraft. 

3.4.2.2.1 The improvement in the spectrum mask for VDL radios was expected to help reduce co-site
interference without fully eliminating it and was only one of many additional parameters important to on board
compatibility. These additional parameters assisting in further improving on-board compatibility were to be
addressed by the avionics system designers, airframe integrators and certification activities by aeronautical
authorities. AMCP was of the opinion that further improvements in the spectrum mask, beyond those
proposed by the panel, would not assist in removing the potential for co-site interference.

3.4.2.2.2 The meeting noted, reflecting studies completed in RTCA (SC 172) and confirmed by aircraft
manufacturers, that the system’s integration activities in which avionics and airframe manufacturers were
involved were expected to remove any harmful interference. While no technical material was made available
to this meeting on this issue, positive experience with similar systems, e.g. ACARS, indicated that solutions
to the problem were available. The meeting was also assured that RTCA and the European Organisation for
Civil Aviation Equipment (EUROCAE) would be involved in developing the necessary additional integration
standards and requirements.

3.4.2.2.3 It was observed that further alleviating factors could include the use of frequency
management techniques, e.g. ensuring adequate separation between assigned frequencies for VDL and
DSB-AM and reducing the duty cycle of the VDL transmissions. Such measures, however, might reduce the
efficiency gained by the introduction of the VDL Mode 2 system in the VHF. It was the opinion of AMCP
that good integration design, taking into consideration the growth of the VDL Mode 2 system, would be
required to ensure appropriate protection to all aeronautical safety services.
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3.5 INTERFERENCE IMMUNITY PERFORMANCE

3.5.1 VDL

3.5.1.1 It was recognized that the presence of a strong unwanted signal might pose a threat to the
reception of a wanted signal irrespective of the RF spectral mask characteristics of the unwanted signal
because of the limited dynamic range of the receiver. The planning of VDL assignments on the basis of the
VDL RF spectral mask was, therefore, only feasible if potential victim receivers were capable of withstanding
the highest field strength of the unwanted signal to be encountered under operational circumstances. In this
respect, the VDL SARPs for the RF mask were found to be inadequate in view of the proposed changes to
the RF mask and, as a consequence, proposals for improved strong signal level behaviour of the VDL
receiving function were developed.

3.5.2 VHF DSB-AM

3.5.2.1 It was noted that the SARPs for DSB-AM only contained statements with respect to the
effective adjacent channel rejection of receivers and that the performance under the presence of a strong
unwanted signal in the band 118 - 137 MHz was not specified at all (3.4.1.3 refers). It was concluded that
for DSB-AM equipment intended to be used on board an aircraft where VDL communications were to be
taken place concurrently, the performance under the presence of a strong unwanted signal needed to be
specified also.

3.6 TRANSITION ASPECTS

3.6.1 The meeting understood that avionics manufacturers relying on the present ICAO VDL RF
SARPs had been manufacturing multi-mode VHF radios capable of 25 kHz/8.33 kHz DSB-AM and VDL
Mode 2 operations. The number of VDL Mode 2 capable radios purchased by air transport customers which
would require a hardware upgrade was claimed by industry to be, at least, 2 000 and possibly as high as 5 000.

3.6.2 The meeting noted that the proposed changes to the RF mask were, in part, developed while
taking into account the actual performance of existing VDL Mode 2 equipment. The meeting, therefore, was
of the opinion that the majority of the existing equipment would not require a major hardware upgrade in order
to comply with the proposed improved RF spectrum mask. It was expected that the problems encountered
with equipment strictly respecting the present (Annex 10) mask would begin to play a major role as soon as:

a) the implementation of VDL Mode 2-based applications grew to such an extent that many
VDL Mode 2 assignments in the same area are required; and/or

b) the implementation of VDL Mode 3 digital voice services started.
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Since both these conditions were expected to become reality in some parts of the world in 2005 and beyond,
it was proposed that transitional arrangements should be included in Annex 10, allowing equipment compliant
to the present RF SARPs only until that time period in such regions.

3.7 The meeting developed, on the basis of the above considerations, the following
recommendation:

RSPP Recommendation 3/1 — Amendment to the SARPs for VDL Mode 2

That Annex 10, Volume III, Parts I and II and Volume V, Attachment A be
amended as shown in the Appendix to the report on Agenda Item 3.

3.8 PROTECTION OF SERVICES OUTSIDE THE BAND
118 - 137 MHZ

Protection of VOR receivers

3.8.1 The meeting noted that VORs operated in the band 108 - 118 MHz, which was located
adjacent to the VHF aeronautical mobile (route) communications band. In the past, it had been assumed that
the interference potential between an airborne communications transmitter and a VOR receiver was negligible
based upon the lack of interference reports for this situation. With the introduction of a VDL system into the
communications band, the potential for interference increased since the power in the adjacent channels of
a VDL transmission was larger than for DSB-AM.

3.8.2 The meeting was advised that VOR SARPs (50 kHz channel spacing) required that the
receiver was capable of detecting a wanted signal of -39 dBµv/m (-80 dBm) in the presence of the following
signals:

a) an undesired co-channel signal 20 dB lower than the wanted;

b) an undesired signal 50 kHz removed from the desired signal which exceeded the desired
signal by 34 dB;

c) an undesired signal 100 kHz removed from the desired signal which exceeded the
desired signal by 46 dB; and

d) an undesired signal 150 kHz or further removed from the desired signal which exceeded
the desired signal by 50 dB.

3.8.3 The meeting was also advised that the roll-off of the VOR receiver as defined above was
slower than the roll-off of the VDL transmitter mask. As a result, it was only the fundamental of the VDL
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that needed to be considered. Knowing the power of the VDL radio and the VOR receiver characteristics,
the isolation required at various frequency separations could be calculated as shown in Table 4-6 below,
assuming that the VDL signal would have an effect similar to a VOR adjacent channel signal.

Table 3-2. Isolation required for protection of VOR receiver

Frequency separation
Parameters +50 kHz +100 kHz $$+150 kHz

Minimum VOR received level (dBm) -80 -80 -80
VOR adjacent channel rejection (dB) 34 46 50
Maximum VDL signal at VOR input (dBm) -46 -34 -30
Power of VDL (dBm) +42 +42 +42
Isolation required (dB) 88 76 72

3.8.4 It was noted that, in order to determine whether the isolation figures quoted are realistic,
information was required from aircraft system installers as to the isolation achievable between a VHF
communications and VOR antenna and on the interference mechanism of VDL to VOR.

Protection of GNSS

3.8.5 The meeting was informed that aviation users of the GNSS, including the global positioning
system (GPS), the global orbiting navigation satellite system (GLONASS) and augmentation systems,
operated airborne receivers in the 1 559 - 1 610 MHz band. This frequency band was related to the VDL
spectrum by either the 12th or 13th harmonic. Interference from DSB-AM to GPS had been observed in
laboratories and in aircraft. The GNSS receiver interference threshold was between approximately
–156.5 dBW and –146.5 dBW/MHz, depending upon interference signal bandwidth. An aeronautical safety
margin is being investigated by ITU-R Working Party 8D. A second GPS frequency for civil aviation
operation was being sought. It would most likely be in the range 1 176 MHz +/- approximately 10 MHz. Its
interference immunity had yet to be established. Although the issue was not directly related to the VDL RF
spectral mask in itself, the meeting agreed to request ICAO to consider the need for developing spurious
emission limits for VHF avionics transmitting equipment being either DSB-AM or VDL in order to protect
GNSS reception on board aircraft from these transmissions.

3.8.6 It was noted that the ground-based augmentation system (GBAS) was exptected to utilize
ground-based transmissions in the 108 - 118 MHz band and was expected to make use of the similar
channelization and modulation schemes as the VDL Mode 2 system. 

3.8.7 The meeting observed that GBAS would employ receivers on-board aircraft on which VDL
avionics would also be installed. There was a potential for interference to VHF data broadcast (VDB)
receivers from airborne VDL transmissions on the same aircraft and from nearby aircraft. Because the VDB
did not employ airborne transmissions, the potential for interference to VDL receivers was limited to ground
scenarios such as taxiing, etc. However, the potential for interference to VDB receivers on board the aircraft
in flight was similar in method, but not extent, as that of VDL to VDL interference. It was recognized that
there were two mitigating conditions. The first was that the VDB used the adjacent frequency sub-band



AMCP/6-WP/30

3-8 Report on Agenda Item 3

below 118 MHz and thus interference would be limited to that from VDL channels near the 118 MHz band
edge. VDL channels above a certain frequency would not have a significant potential for interference, nor
would there be a significant potential interference to VDB channels not near the band edge. The exact VDL
to VDB channel spacing necessary to preclude interference had not yet been determined. The second
mitigating factor was antenna polarization. It was estimated that the horizontally polarized VDB antenna
would achieve between 10 dB and 30 dB isolation from the vertically polarized VDL transmissions.

3.8.8 The meeting acknowledged that the VDB minimum desired signal level was –87 dBm and
preliminary test data had indicated that VDB to VDB D/Us might be on the order of -45 dB for channels
separated by 75 kHz. Due to the similarities of RF characteristics of the two systems, a similar interference
threshold might be expected to exist for VDL signals as well.  Coupled with the polarization isolation, this
would result in a tolerable interfering VDL signal level of -32 dBm to –12 dBm. Also, the draft VDB SARPs
desensitization level of –33 dBm was further improved to –23 dBm by the expected polarization isolation. It
was noted that this issue required further study.

3.8.9 The meeting agreed to consider the need for developing criteria for out-of-band emission
limits for VHF avionics transmitters being either DSB-AM or VDL in order to protect GNSS and VOR (and
possibly ILS) reception on board aircraft.

Relationship of VDL mask to spurious emission requirements:
Conférence Europénne des Administrations des Postes et des
Télécommunications (CEPT) Requirements

3.8.10 The meeting was advised that CEPT specified a spurious emission limit of -36 dBm for
land-mobile and maritime-mobile services in the band 9 kHz to 1 GHz. Whilst this limit did not apply to
aeronautical mobile service as yet, it did give an indication as to the sort of limit that might be applied should
either CEPT or ITU set a limit for aeronautical services.

3.8.11 Were these standards to apply to aviation then a VDL radio would have to satisfy a -36 dBm
limit measured in varying bandwidths at three different offsets from the last assignable channel. Whilst the
current mask fails these requirements at the 4th and the 20th adjacent channel, the proposed mask meets the
requirement.

3.8.12 The meeting, when considering the potential interference for emissions in the band
118 - 137 MHz into other systems operating outside this band, concluded that there was a need to develop
limits on spurious emissions from VHF aircraft transmitters. The meeting, therefore, developed the following
recommendation:

Recommendation 3/2 — Spurious emission limits for VHF airborne
transmitters in the band 117.975 - 137 MHz

That an appropriate ICAO body be tasked with considering the need for
developing criteria for spurious emission limits for VHF transmitters with a
view to fully protecting the reception of signals used in any CNS application .
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3.8.13 The meeting agreed that, in particular, the protection of GNSS/GBAS might need to be
addressed in that study with urgency and that SARPs in those systems were already in an advanced state
of development.

— — — — — — — —


