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APPENDIX EAPPENDIX E*

PRELIMINARY VDL MODE 3 SYSTEM OPERATING CONCEPTPRELIMINARY VDL MODE 3 SYSTEM OPERATING CONCEPT

1. BBACKGROUNDACKGROUND

1.1 The very high frequency (VHF) air-ground communications is the fundamental tool of the air
traffic service (ATS) and aeronautical operational control (AOC) in airspace that can be served by line-of-
sight (LOS) communications. The demand for access to air-ground communications circuits has grown in
proportion to the level of air traffic.  It should be noted that air traffic has grown steadily in most parts of the
world, nearly doubling in the last fifteen years.  The increased demand stems from the need to both serve this
increased level of air traffic and to satisfy new communications applications and requirements. To
accommodate this demand, long-term system improvements are needed that satisfy both ATS and AOC
functional requirements, providing increased capacity, enhanced data link capabilities and comparable cost to
existing communications avionics.

1.2 The ICAO Special Committee for the Monitoring and Co-ordination of Development and
Transition Planning for the Future Air Navigation System (FANS Phase II) in its development of the future
communications, navigation, and surveillance (CNS) concept, determined that the future VHF air-ground
communications system would be largely data link based, with voice reserved for emergency and non-routine
functions.  While this may be the case in the far future, it is expected that voice communications will be relied
upon for at least terminal air traffic control (ATC) operations for the foreseeable future. Thus, a future VHF
air-ground system time-division multiple access (TDMA) operating concept has been developed that supports
integrated voice and data communications. Key attributes of the TDMA design include the ability to provide
up to a four-fold increase in voice capacity; an increased level of radio frequency interference (RFI) protection;
a degree of security and the provision of voice and data link capabilities in a practical manner to all users. This
future VHF air-ground system concept can provide the additional communications capacity necessary to
accommodate the continued growth in air traffic.

2. SSYSTEM FUNCTIONALITYYSTEM FUNCTIONALITY

2.1 OverviewOverview

2.1.1 The future VHF air-ground system is intended to offer an air-ground communications link
providing both voice and data in a functionally simultaneous manner.  The integrated voice and data TDMA
system provides up to four voice and/or data circuits per 25 kHz channel.  Each 25 kHz channel has four time
slots containing a management (M) subslot and a voice/data subslot. Each of the four time slots can be
assigned independently for voice and/or data operations. The voice system operates in a push-to-talk simplex
mode with listen-before-talk discipline. The voice operation utilizes a 4.8 kbits/s voice coder, transmitting
periodic bursts in an assigned TDMA voice slot at an over-all channel data rate of 31.5 kbits/s. The data
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operation utilizes a single channel, simplex mode, periodic burst in an assigned TDMA data slot at 31.5
kbits/s rate (each data circuit, 4.8 kbits/s).

2.1.2 The future VHF air-ground communications system is intended to provide at least twice the
air-ground voice circuit capacity as the current analog system with a projected four voice and/or data circuits
for each 25 kHz analog channel. The implementation of the future VHF system should not result in any
degradation of the present 25 kHz analog system during transition. It is also intended to provide an increased
degree of RFI protection and be capable of supporting security measures to protect the system from
unauthorized users for both voice and data link.  

2.2 Targeted applicationsTargeted applications

2.2.1 The integrated voice and data communications system is required to support the maximum
possible range of applications, including the voice communications currently handled by the existing  analogue
system and the data communications applications envisaged for VHF digital link (VDL) Modes 1 and 2. The
specific applications to be served will be a function of particular user groups. These user groups can be
classified under the following general headings:

a) en-route  air traffic control including oceanic control;

b) terminal air traffic control;

c) aerodrome services; 

d) aeronautical operational control; and

e) other users.

2.2.2 En-route (including oceanic) air traffic controlEn-route (including oceanic) air traffic control

2.2.2.1 The en-route and oceanic ATC environment  includes both regulated and unregulated air
space. It caters for a wide range of traffic densities which requires the use of both fixed and random route
structures. In general, aircraft operating in this type of airspace are established at cruising altitude or are
transitioning to or from terminal or aerodrome control areas. In the oceanic environment  they are
transitioning from domestic to oceanic-airspace.

2.2.2.2 The targeted applications for VDL Mode 3 in the en-route  and oceanic ATC environment
will include the following:  

a) controller/pilot voice communications;

b) controller/pilot data link to enable oceanic clearance messages;

c) interconnection of the FMS with ground-based flight data processing system (FDPS),
RDP and MET systems to enable:
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1) downlink of surveillance data;

2) downlink of short-term conflict alert data;

3) downlink of MET data;
4) automatic dependent surveillance; and

5) others.

d) pilot interrogation of ground data bases including MET (discrete request and
broadcast); and

e) controller interrogation of FMS.

2.2.3 Terminal air traffic controlTerminal air traffic control

2.2.3.1 Terminal air traffic control operations are concerned with the control of aircraft arriving at or
departing from a number of major aerodromes located in close proximity. The operating concept caters for
high traffic densities and involves complex route structures to ensure the safe separation of traffic.

2.2.3.2 The targeted applications will include:

a) controller/pilot voice communications;

b) controller/pilot data  communications;

c) interconnection of FMS and FDP, RDP and MET systems to enable;

1) downlink of surveillance data;

2) downlink of short-term conflict alert data;

3) downlink of MET data;

4) automatic dependent surveillance; and

5) others.

d) pilot interrogation of ground data bases including: 

1) MET (discrete request and broadcast); and

2) ATIS (discrete address and broadcast).

e) controller interrogation of FMS.
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2.2.4 Aerodrome ATCAerodrome ATC

2.2.4.1 Aerodrome ATC systems cover a wide range of complexity which depends on the capacity of
the aerodrome and whether its approach control function is handled by a terminal control facility.

2.2.4.2 As a minimum, aerodromes can be expected to have one VHF voice communication channel.
Major international airports, however, have many channels each performing a discrete function such as ground
movement control, tower control, approach control, radar control and the fire service.

2.2.4.3 The target applications for the aerodrome environment will include:

a) controller/pilot voice communications;

b) controller/pilot data link to provide:

1) departure clearance;

2) push back clearance;

3) taxi clearance; and

4) others.

c) interconnection of FMS and RDP systems to enable:

1) downlink of surveillance data;

2) downlink of short-term conflict alert data; and

3) others.

d) pilot interrogation of ground data bases including :

1) MET; and

2) ATIS.

e) controller interrogation of FMS.

2.2.5 Aeronautical operational controlAeronautical operational control

2.2.5.1 Aeronautical operational control is a large and growing communications requirement which
tends to cover large areas. It provides an essential link between aircraft and their ground-based organization
to pass a wide range of communications associated with flight safety and regularity. The VDL Mode 3 is to be
capable of serving the complete range of AOC voice and data traffic.
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* Assuming a standard range configuration, an extended range configuration can be supported with
three, 40 ms time slots per 120 ms frame.  The concept of system configurations is addressed in the
following section.

2.2.6 Other usersOther users

2.2.6.1 The other users category includes many types of user such as gliders, balloonists and
operators of small flying strips.  The nature of their operation makes it unlikely that they will require data
communications for the foreseeable future.  The target application for this type of user will therefore be
limited to the provision of voice communications.

3. BBASIC ARCHITECTURE AND OPERATION OF ASIC ARCHITECTURE AND OPERATION OF VDLVDL  TDMATDMA

3.1 Radio frequency (RF) and modulationRadio frequency (RF) and modulation

3.1.1 At the physical layer, the TDMA system architecture is completely consistent with that of the
VHF digital link (VDL) standards activity now under way in the International Civil Aviation Organization
(ICAO).  This offers the dual benefit of:  a) simplifying the TDMA system standardization process since part
of an existing standard will apply; and b) of providing a path by which initial implementation of the voice
capability can be upgraded to provide integrated data link communications.  The physical layer characteristics
relevant to the TDMA system are as follows:

a) frequency band:  118 - 137 MHz;

b) RF channelization:  25 kHz centres;

c) channel structure:  single frequency (for uplink and downlink);
 

d) modulation:  differential 8-level phase shift keying (D8PSK); and

e) aggregate channel rate: 31.5 kbits/s (10.5 k symbols/s).

3.2 Timing structureTiming structure

3.2.1 All TDMA system operation is based on 120 millisecond (ms) TDMA frames.  Each TDMA
frame contains four 30 ms slots1.  Each of these slots form the basis for an independent two-way air-ground
circuit capable of supporting two-way real-time voice or data link applications.  Each slot contains bursts for
two independently accessed sub-channels (Figure 1-1).  The first of these is a management (M) sub-channel
that carries system data for signalling and circuit initialization functions.  The second is the voice or data
(V/D) sub-channel that carries user information.
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Figure 1-1.  TDMA system timing hierarchyFigure 1-1.  TDMA system timing hierarchy

3.3 System configurationsSystem configurations

3.3.1 A key attribute of the TDMA system architecture is the flexibility to accommodate a range of
operational requirements through a set of predefined system configurations.  These system configurations
provide the flexibility to tailor the ground station to specific requirements for operating range and functional
capability desired by a civil aviation administration (CAA) or a service provider.  
3.3.2 Within the fixed 120 ms TDMA frame structure, a predefined set of system configurations
are established to achieve flexibility.  Each system configuration corresponds to a specific preconfigured static
allocation of the capacity of each 25 kHz frequency (i.e. individual time slots) to certain users and functions.
In the ATC environment, distinct user groups exist based on ATC positions or sectors.  Each user group
includes the ground user (usually an air traffic controller) and the “client” aircraft of that ground user.  A
fundamental objective of the TDMA system is to provide voice circuit resources to each user group on a
dedicated basis while simultaneously providing access to data link with a single airborne radio transceiver.

3.3.3 Additionally, one configuration is defined where there is no predetermined static allocation of
resources  within the 25 kHz channel; resource allocations for both voice and data are made strictly on a
demand basis.  This configuration could be used to support a high capacity data-only service as a supplement
to existing analogue voice service if desired.

3.3.4 The system configuration established for a ground radio is communicated to the airborne
radios through an initialization message continually broadcast by the ground station.  Airborne radios,
therefore, “sense” and adapt to the system configuration of the ground radio with which communications will
be established.  This adaptation to the proper system configuration is completely transparent to the users.
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3.4 Voice system principlesVoice system principles

3.4.1 Low-bit rate digital voice coding (vocoding) is the key enabling technology that gives digital
mobile radios high spectrum efficiency for voice operation.  Digital voice operation in the TDMA system is
based on a low-bit rate voice coder (vocoder) operating at 4.8 kbits/s.  The most commonly used vocoders at
this rate operate on either 20 or 30 ms voice frames.  A voice frame is the basic unit of time used by the
vocoder for the processes of analysis and synthesis of the user’s speech.  Analysis is the process of converting
a voice sample into its compressed digital representation.  Synthesis is the inverse process of recovering the
voice waveform from the compressed digital representation. 

3.4.2 At the transmitting station during push-to-talk, an integral number of voice frames are
accumulated for transmission over the V/D sub-channel burst.  At the receiving station, received V/D
sub-channel bursts are "unpacked" back into the sequence of voice frames in preparation or the analysis
process. 

3.5 Discrete addressed voice and data linkDiscrete addressed voice and data link

3.5.1 The TDMA system supports voice and data functionality  requiring discrete addressing.
Discrete addressing in the TDMA system is coupled to the user group.  A local user ID is established for each
new airborne user that enters the group (or net).  A process known as net entry serves to automatically “log
in” a new arrival to the group.  Basic voice operation involving only the “listen-before-push-to-talk” protocol
is available without discrete addressing or the net entry process.

3.5.2 Several system configurations have been defined that support both voice and data operation
for a given user group on the same channel.  All aspects of basic voice operation, as described in section 2,
apply.  In addition to this basic voice capability, the ability to discretely address airborne users offers
additional features associated with voice operation such as “selective calling” on uplink, and “caller ID” on
downlink.

4. OOPERATING SCENARIOSPERATING SCENARIOS//EXAMPLESEXAMPLES

4.1 Operating scenarios for basic voice operation  Operating scenarios for basic voice operation  

4.1.1 The new voice communication system must provide all of the functional capabilities  of the
present voice system if it is to meet its basic operational requirements.  In general, these requirements can be
divided into two discrete types:

a) communications channel performance requirements; and

b) coverage requirements.

4.1.2 The coverage requirements are related to the various operating scenarios postulated for the
voice communications system and can be further sub- divided into the following groups:

a) air-ground coverage provided by a single ground station;
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b) air-ground coverage provided by multiple ground stations;

c) air-air coverage when both aircraft are within the coverage of the ground station;

d) air-air coverage when only one aircraft is within the range of a ground station; and

e) air-air coverage when neither aircraft is within the range of a ground station. 

Note that, for the purpose of describing these scenarios,  the airborne segment is taken to include aircraft on
the ground, vehicles  and personnel on the ground carrying mobile equipment, and mobile equipment used as
a low-cost ground stations by some users.

4.1.3 Air-ground coverage from a single ground station.Air-ground coverage from a single ground station.

4.1.3.1 Air-ground coverage from a single ground station will satisfy the operating requirements of
the majority of users.  These users will require the ability to maintain communication within a limited
geographical area covered from a single ground station. Typical requirements will include:

a) ground movement, tower, approach and ATIS services at aerodromes;

b) en-route channels for use in busy airspace where coverage requirements can be met
from a single ground station;

c) aeronautical operational control (AOC) operations; and

d) other users.

4.1.3.2 The AOC and other users may be required to share a common channel in order to improve
spectrum utilization.  These users will place low traffic demands on the channel and may be geographically
distributed such that they each need their own ground station.

4.1.4 Air-ground coverage from multiple ground stationsAir-ground coverage from multiple ground stations

4.1.4.1 This requirement fulfils the needs of single user groups requiring cover beyond that
achievable from a single ground station.  In the present system, this facility is provided by operator selection
of the appropriate ground station or by use of the off-set carrier system. The latter technique is often
preferred by ground users because it requires a simple human-machine interface.

4.1.4.2 The need for multiple ground station operation by a single user group will arise for two
reasons:

a) the required coverage area is large; and

b) low level coverage of a single radio station is restricted by topographical features.
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4.1.4.3 Large coverage areas will be required when an ATC sector controls lightly used airspace and
the control team can deal with a large area without experiencing an overload and for other specialized ATC
applications. Typical applications will include upper air sectors away from main air routes, FIS, Volmet and
Oceanic Clearance Delivery channels. AOC communications will also employ wide area networks along high
traffic routes.

4.1.4.4 Where coverage is restricted because of hilly or mountainous terrain, and ATC sectors
require good low level coverage, multiple station operation will also be employed to provide fill-in cover in
areas not covered by the primary radio station.

4.1.5 Air-air coverage when both aircraft are within range of a ground stationAir-air coverage when both aircraft are within range of a ground station

4.1.5.1 A party line capability which permits all users of a channel (both air and ground) to monitor
the communication traffic is an essential requirement. Its primary purpose will be to facilitate channel
management by allowing all users of the channel to be aware when it is occupied and hence only attempt to
occupy it when it is perceived to be free. It will also allow air-crew operating within a sector  to monitor the
content of all communications and build up a picture of the traffic situation in their vicinity.

4.1.6 Air-air coverage when only one aircraft is within range of a ground stationAir-air coverage when only one aircraft is within range of a ground station

4.1.6.1 The ability to maintain air to air coverage when only one aircraft is within range of a ground
station is an essential safety feature which will allow an aircraft outside of coverage to maintain indirect contact
with ATC through an intermediary.  Although ATC communications systems are normally designed to provide
direct air-ground communications with a high availability, a number of technical and operational  situations
can develop which cause cover to be reduced.  Examples of such situations include:

a) a ground station failure in a multiple ground station system;

b) failure of the primary ground station in a single ground station system and reduced
cover from the back-up ground station due to its non-optimum location;

c) propagation path perturbations due to weather effects, particularly on channels
providing cover on over sea sectors, where land-based radio stations are operating
close to their maximum practical range; and

d) aircraft faults and adverse weather conditions (e.g. icing) which require aircraft to
descend below the altitudes normally served.

4.1.7 Air-air coverage when out of range of a ground stationAir-air coverage when out of range of a ground station

4.1.7.1 An air-air communication capability when both aircraft are out of the range of a functional
ground station is required to support safety back-up procedures. A typical application will be to provide a fall-
back mechanism in the event of a ground station failure by allowing the affected aircraft to be directed to a
stand-by channel by a communication relay via  a co-operating aircraft flying in an adjacent sector.  It will also
be used to allow aircraft to maintain air to air contact in remote areas, including oceanic areas, where no
ground infrastructure exists..
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4.1.7.2 The ability of mobile user systems to maintain communications links without recourse to fixed
ground station will be used to allow other ground users, for example private flyers, flying clubs, gliding clubs
and balloonists  to employ portable equipment as a flexible ground station.

4.2 System operation for basic voice serviceSystem operation for basic voice service

4.2.1 Circuit initializationCircuit initialization

4.2.1.1 Upon entry of the logical voice channel into the airborne radio, the airborne radio
immediately begins monitoring the M sub-channel uplink associated with the selected time slot and frequency.
The initialization messages are used to configure the airborne radio for operation on the circuit.  Initialization
takes less than 1 second.

4.2.1.2 Upon circuit initialization, the pilot is able to monitor the transmissions of any user on the
circuit.  For transmit, the pilot observes the same “listen before talk” discipline used in the current 25 kHz
DSB AM system.  When the pilot asserts push to talk (PTT), the airborne radio automatically adjusts the
offset timing for the downlink V/D sub-channel bursts in accordance with the system configuration supplied as
part of the uplink M sub-channel message.   Even if the ground station is configured to support discrete
addressing, an airborne user can choose not to actively participate in address-related functionality.

4.2.2 Voice signallingVoice signalling

4.2.2.1 Since all airborne radios (even those in PTT transmit mode) continue to monitor the
M sub-channel uplink, voice signalling features can be supported.  The ground user can be given special status
on the voice circuit with the ability to assert PTT at any time and cause any airborne radio in PTT mode to
cease transmitting.   The airborne user could be informed of the pre-emption by the loss of local sidetone (and
presence of ground user audio).  Lockout of this airborne user would be reset by release of PTT by the
ground user and release of PTT by the airborne user.

4.2.2.2 An additional similar capability supported is the ability to resolve contention among airborne
users attempting to access the channel.  If one airborne user asserts PTT more than one signalling interval
(240 ms) ahead of another competing airborne user, the logic and signalling would support access on a “first
come-first serve” basis.  Additionally, overlapping transmissions by multiple airborne users could be cleared
by the ground user if desired by a momentary PTT, thus terminating the transmissions of the airborne users.

4.2.3 Connection managementConnection management

4.3 Operating scenarios for integrated voice and data operationOperating scenarios for integrated voice and data operation
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4.4 System operation for integrated voice and dataSystem operation for integrated voice and data

4.4.1 Media access protocolMedia access protocol

4.4.1.1 For voice operation, the media access protocol is exactly as described in section 2:  based
strictly on a “listen before talk” protocol (competition limited only to users within the group) with the added
ability for voice signalling as described in section 2.2.4.

4.4.1.2 For data operation, media access employs a centrally managed reservation protocol for all
data traffic. This approach gives the ground station maximum flexibility for making efficient use of channel
capacity and for implementing prioritization in the media access layer.  No carrier detection is required either
by the airborne or ground radios.

4.4.1.3 The management channels of the data slot and the associated voice slot play a key role in
media access for downlink data traffic.  The M sub-channel uplink bursts occupy alternate TDMA frames as
shown in Figure 3-5.  The interleaved TDMA frames are used for M sub-channel downlink bursts.  All M
sub-channel bursts associated with the data slots are also used for downlink M sub-channel bursts.
Figure 3-5 shows the scheduled usage of the M sub-channel for the combined V/D slot pair of a single user
group.

4.4.1.4 Access for downlink data traffic is granted by the ground station based on reservation
requests made by airborne radios.  Access for uplink data traffic is managed directly by the ground station.  A
complete media access protocol cycle requires two TDMA frames for a total of 240 ms.

4.4.2 Circuit initializationCircuit initialization

4.4.2.1 Upon entry of the frequency and slot identifier into the airborne radio, the airborne radio
immediately begins monitoring the M sub-channel uplink associated with the selected slot.  The initialization
messages associated with the selected slot are used to configure the airborne radio for operation on the
circuit.  Initialization takes less than 1 second.

4.4.2.2 Additionally, to support discrete addressing, a registration process known as net entry occurs
immediately after circuit initialization.  The net entry procedure is initiated by the airborne radio immediately
upon initialization. 

4.4.3 Voice operationVoice operation

4.4.3.1 The same level of voice operational capability described in section 2 is available to the newly
arrived user as soon as the initialization process is complete.  Voice operation to this level is not dependent on
the net entry process or aircraft participation in discrete addressing and data link.  For airborne users that are
participating in discrete addressing/data link, some enhancements to voice operation can be supported if
found operationally desirable from the ground user’s perspective. Essentially this would entail a “caller ID”
feature that could reinforce/replace the verbal identities used by the pilot on downlink and a “selective call”
feature that enables the ground user to selectively signal the airborne user that is the recipient of a voice call.
The local user ID in the header of the V/D bursts used for voice traffic is used to implement these capabilities.
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4.4.3.2 Additional voice features which are available through the use of the downlink M sub-channel
include “call waiting” and urgent message indication.  The call waiting feature comes into play if an airborne
user activates PTT while another user is already talking on the net.  When this occurs the airborne radio can
transmit a special signal in the voice request field of the downlink M sub-channel burst.  This signal can be
used to notify the ground controller that an additional airborne user wishes to speak.  If an airborne user is
experiencing an emergency, he can activate a special urgent message switch which will cause another special
signal to be transmitted on the downlink M sub-channel.  This will notify the ground controller of the urgent
situation and he can take the appropriate action.  

4.4.4 Data operationData operation

4.4.4.1 On downlink, airborne radios with traffic make reservation requests via a slotted reservation
ALOHA protocol. If the request is not successfully received the ground will periodically poll each user.  As
each user is polled, it is given an opportunity to use the downlink M sub-channel without contention.  This
ensures that each airborne user will have a chance to have its requests heard by the ground receiver.

4.4.4.2 The request includes the message length in terms of the number of V/D bursts required and
the priority of the downlink message.  Upon successful receipt of a reservation request, the ground station
issues a reservation response.  The scheduling of the downlink data is controlled by the ground station and
depends on the priorities of the requests.  On uplink, the ground station schedules its traffic for the V/D
uplink bursts also based on message priority.

4.4.5 Connection managementConnection management

4.4.5.1 Connection management can be automated to the degree desired by the CAA or service
provider.  A completely manual approach to connection management (as is required in the voice-only system)
is always available as an option.  Alternatively, a semi-automated approach could be used whereby the new
channel assignment is uplinked to the proper airborne radio under initiation by the ground user which is then
“activated” by the pilot to effect the actual channel change.  Finally, a fully automated approach could be used
where no ground user or pilot intervention was required.  All approaches however must be driven by an
external ground-based application (e.g. ATC procedures or automation).

4.5 Operating scenarios for all data operationOperating scenarios for all data operation

[to be done]

4.6 System operation for all data operationSystem operation for all data operation

[to be done]

! ! ! ! ! ! ! !


