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COMMUNICATIONS SYSTEMCOMMUNICATIONS SYSTEM

SSUMMARYUMMARY

This document is intended to serve as:

a)  a baseline document for the VHF digital link (VDL) Mode 3 system design; and 
b)  an interface control document to other working groups and panels.  

The “VDL Mode 3 Design Guidelines” contain:

a)  definitions as far as necessary;
b)  requirements; and
c)  recommendations

together with the rationale for them.  

This is a living document under configuration control.  

1. IINTRODUCTIONNTRODUCTION

1.1 While a comprehensive and detailed set of operational requirements is emerging from various
sources, the Aeronautical Mobile Communications Panel (AMCP)  identified the need to define a set of design
guidelines, supporting the development of the draft very high frequency (VHF) digital link (VDL) time-division
multiple access (TDMA) mode Standards and Recommended Practices (SARPs).  This TDMA mode is also
referred to as Mode 3.

This document will serve as:

a) a baseline document for the VDL Mode 3 system design; and

b) an interface control document to other working groups and panels.

The VDL Mode 3 Design Guidelines contain:

a) definitions as far as necessary; and

b) communications requirements and recommendations together with their rationale.
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1.2 As decided by the AMCP the VDL Mode 3 design guidelines aids the analysis of any
operational requirements arising from other ICAO panels, or bodies.  The document contains specifications of
system capabilities and performance characteristics.

1.3 ConfigurationConfiguration control control.  The document will be updated, after its first release, under
configuration control as a living document.  (This is your latest version, please make sure it is the latest
distributed version.)

Previous versions:

1.0 dated 24 January 1996 AMCP-WG-D/5

2. UUNDERLYING NDERLYING AASSUMPTIONSSSUMPTIONS

2.1 Physical mediumPhysical medium

RequirementRequirement:

a) the physical medium is a 25 kHz bandwidth VHF channel within the 117.975 to
137.00 MHZ frequency band;

b) the VDL Mode 3 shall not cause harmful interference to other authorized users of the
VHF band, including adjacent channel users (Reference to RF draft SARPs); and

c) the physical layer of VDL Mode 3 shall be consistent with that of VDL Mode 2 to the
maximum extent possible.

RationaleRationale:

a) these requirements are fully in accordance with the present International
Telecommunication Union (ITU) usage definition of the above frequency band; and

b) this fosters the development of a multimode airborne radio in an economical way and
can allow users to upgrade Mode 2 avionics with minimal (if any) new hardware.

Requirements ReferenceRequirements Reference:  1.1.3

2.2 OSI/ISO conformanceOSI/ISO conformance

RequirementRequirement:

a) the VDL Mode 3 shall provide subnetwork services to any higher layer entity (HLE)
satisfying the interface requirements specified for subnetworks in the ICAO Manual of
the Aeronautical Telecommunication Network (ATN) (Doc 9578).  This shall be based
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on the specification of the open systems interconnection (OSI) basic reference model
developed by the International Organization for Standardization (ISO).  

RationaleRationale:

These requirements are in accordance with:

a) ICAO Report of the Fourth Meeting of the Special Committee on Future Air Navigation
Systems (Doc 9524) (FANS/4 Report);

b) ICAO Manual of the Aeronautical Telecommunication Network (ATN) (Doc 9578),
and subsequent draft versions; and

c) ICAO Report of the Tenth Air Navigation Conference (1991) (Doc 9583),
Recommendations 3/1 and 3/2).

Requirements ReferenceRequirements Reference:  1.3.1

2.3 Fielding scheduleFielding schedule

[to be done]

3. SSYSTEM YSTEM AARCHITECTURERCHITECTURE

3.1 General provisionsGeneral provisions

RequirementRequirement:

HLE access to the VDL Mode 3 shall be made via the subnetwork dependent convergence
facility (SNDCF) and an ISO 8208-compatible DTE. 

RationaleRationale:

The requirement greatly simplifies the standardization and implementation of the VDL Mode
3 components on board the aircraft.

Requirements ReferenceRequirements Reference:  [1.1.3]
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3.2 VDL sub-system specific services (VSP) accessVDL sub-system specific services (VSP) access

RequirementRequirement:

VDL Mode 3 sub-system specific services (VSP) shall be provided in a way which will not
conflict with the requirements of the ATN.  Specific services include:

a) digital voice; and

b) broadcast data.

RationaleRationale:

Use of the broadcast facility of the VHF will offer more efficient use of the restricted
bandwidth available and will be of value in certain applications.  Broadcast is not supported by OSI and will be
defined in a way which does not require modifications to the ATN.  Digital voice must operate as a VDL
Mode 3 specific service in order to ensure the specified voice throughput delay requirements are met.

Requirements ReferenceRequirements Reference:  [1.2].

3.3 Functionally independent signalling subchannelFunctionally independent signalling subchannel

RequirementRequirement:  

The VDL Mode 3, operating in the integrated voice and data mode, shall employ a signalling
subchannel that is functionally independent of the user's voice or data traffic.

RationaleRationale:

Since the VDL Mode 3 operates on simplex RF channels, a functionally independent
signalling subchannel is required for arbitrating channel access to support features such as urgency voice
override, prioritization of data transmissions amongst multiple aircraft and the ability to rapidly detect link
failures or changes in link connectivity independent of voice or data traffic.

Requirements ReferenceRequirements Reference:  [1.3.2, 1.4.6, 1.4.7]

3.4 Voice ServiceVoice Service

Voice/Data MixVoice/Data Mix

Design ObjectiveDesign Objective:

The VDL Mode 3 system architecture shall support a mixture of voice and data capacity on
a 25 kHz channel assignment as determined by the configuration of the VDL ground station.
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RationaleRationale:

This capability offers Civil Aeronautics Authorities and service providers maximum flexibility
to adapt implementation to the evolving needs of a given State.

Requirements ReferenceRequirements Reference:  1.4.3, 1.4.4

3.5 Voice Coder (Vocoder)Voice Coder (Vocoder)

Design ObjectiveDesign Objective:  

The VDL Mode 3 should employ a digital voice coder (vocoder) which operates at a
maximum rate of 4.8 kilobits per second.

RationaleRationale:

Use of digital voice supports many of the requirements (e.g., increased security and reduction
of radio frequency interference).  This vocoder rate provides the optimum balance between voice quality and
spectrum efficiency given the current state of the art in vocoder development.

Requirements ReferenceRequirements Reference:  1.1.2., 1.2

3.6 Data ServiceData Service

VDL subnetwork access protocolVDL subnetwork access protocol

RequirementRequirement:

For the air-ground subnetwork access protocol (SNAcP), the ISO 8208 packet level protocol
shall be used.

RationaleRationale:

This requirement greatly simplifies the implementation and validation of the internetwork
process since only a single communication protocol is required.  

Note.! See ICAO Manual of the Aeronautical Telecommunication Network (ATN) (Doc 9578)
Section 3.16.5

3.7 VDL subnetwork and interface provisions to the router (IS-SME)VDL subnetwork and interface provisions to the router (IS-SME)

RequirementRequirement:

The VDL Mode 3 subnetwork shall indicate to the ground router IS-SME:

a) a join event; and
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b) a leave event

along with the SNPA (i.e. DTE) address of the associated peer airborne router.  

The VDL Mode 3 subnetwork shall indicate to the airborne router IS-SME a leave event
along with the SNPA address(s) of the associated peer ground router(s).

RationaleRationale:

The subnetwork shall report connectivity to the ATN router.  This is to aid initiation of
routing data transfer between ground and airborne router and routing updates.

Requirements ReferenceRequirements Reference:  [ATNP comments on VDL]

3.8 AddressingAddressing

DefinitionDefinition:

A subnetwork point of attachment (SNPA) address is the local address of an ATN network
entity within a particular subnetwork environment.  

RequirementRequirement:

The VDL Mode 3 subnetwork shall provide a mechanism to identify unambiguously each
ATN router attached to the subnetwork (see Section 3.5.2).

RationaleRationale:

The ATN routers are responsible for building and maintaining tables of correspondence
between network service access points (NSAPs), network entity titles (NETs) and SNPA addresses within
their local environment.  

Note.! See ICAO Manual of the Aeronautical Telecommunication Network (ATN) (Doc 9578), Section 3.11

4. SSYSTEM CAPABILITIES AND YSTEM CAPABILITIES AND VDLVDL SUB SUB--SYSTEM SERVICESSYSTEM SERVICES

4.1 Channel managementChannel management

RequirementRequirement:  

VDL Mode 3 shall support the following range of channel management approaches:

a) verbal uplink of new channel assignment with manual selection and changeover
executed by the pilot;
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b) data link uplink of new channel assignment with manual changeover executed by the
pilot; and

c) selection and changeover of channels completely transparent to pilot.

RationaleRationale:

This allows users to take advantage of ground and airborne automation capabilities to aid in
channel management without requiring the capability for system operation.

Requirements ReferenceRequirements Reference:  1.1.17

4.2 Voice OperationVoice Operation

RequirementRequirement:

The system shall support a user interface and procedure completely consistent with that of the
25 kHz Double Sideband-Amplitude Modulation (DSB-AM) system (e.g., listen-before-push-to-talk) in order
to support transparent procedures between systems.

RationaleRationale:

Due to the importance and criticality of the air/ground voice system, transition to the future
system should be transparent to the users.

Requirements ReferenceRequirements Reference:  1.2

4.3 Data transferData transfer

RequirementRequirement:

The VDL Mode 3 subnetwork shall provide for byte and code independent transfer of
subnetwork service data units (SNSDUs) between subnetwork points of attachment (SNPAs).  

RationaleRationale:

Byte and code independent transfer of SNSDUs is required due to the bit-oriented nature of
the ISO OSI protocol architecture.  

Requirements ReferenceRequirements Reference:  1.3.1
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4.4 Connection-oriented modeConnection-oriented mode

RequirementRequirement:

The VDL Mode 3 subnetwork shall provide a connection-oriented service between SNPAs,
with a well-defined start and end to a connection, and with reliable, sequenced SNSDU transfer over that
connection.

Note.! This requirement is met by implementing ISO 8208.  

RationaleRationale:

The primary motivation for provision of underlying connection-oriented subnetwork service is
to provide the means for local reference compression algorithm use by the ATN mobile subnetwork dependent
convergence protocol (SNDCP) in the ATN router. 

Requirements ReferenceRequirements Reference:  1.3.1 

4.5 Router identificationRouter identification

RequirementRequirement:

The VDL Mode 3 subnetwork shall provide a mechanism for uniquely and unambiguously
identifying each router attached to that subnetwork.  

Note 1.! The DTE addressing capability provided by ISO 8208 meets this requirement.

Note 2.! See requirement 3.5.3

RationaleRationale:

The standard SNDCF and subnetwork software requires this.  

Requirements ReferenceRequirements Reference:  1.3.1 

4.6 Connectivity changeConnectivity change

RequirementRequirement:

The VDL Mode 3 subnetwork shall provide a mechanism for detection of any change in
media connectivity or availability and shall convey this information to connected subnetwork service users
(i.e. connected ATN routers).  

Note.! See Section 3.5.2
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RationaleRationale:

This requirement is motivated by the dynamic connectivity environment within which mobile
data links operate, and the need to define procedures for initiating routing information exchange in this
environment.

Requirements ReferenceRequirements Reference: 1.3.1 

4.7 Ground station connection re-directionGround station connection re-direction

Design ObjectiveDesign Objective:

Transfer between ground stations within the same ATN router domain shall be supportable
completely within the VDL Mode 3 subnetwork.

RationaleRationale:

This maximizes subnetwork performance by offering the ability to minimize connection
management overhead within the subnetwork.

Requirements ReferenceRequirements Reference:  [1.3.1]

4.8 Segmentation of data unitsSegmentation of data units

RequirementRequirement:

The VDL Mode 3 subnetwork shall provide a mechanism that allows the conveyance of large
subnetwork service data units between subnetwork points of attachment.  

Note.! It is the subnetwork's responsibility, if necessary, to efficiently segment and/or concatenate and
reassemble the data.  

RationaleRationale:

Given the existence of ISO 8208 in the VDL Mode 3, the use of M-bit sequencing can be
used to improve the utilization of the air/ground bandwidth by avoiding the need to carry the ISO 8473
segmentation part (6 octets) within each oversized ATN data packet traversing the VDL Mode 3 subnetwork.

4.9 Prioritization of Data Messages for Mode 3 OperationPrioritization of Data Messages for Mode 3 Operation

RequirementRequirement:

The VDL Mode 3 subnetwork shall support prioritization of messages across all aircraft.
Message priorities for the AM(R)S air-ground communications subnetwork are defined in Annex 10, Chapter
5, which describes the categories of safety and regularity of flight messages allowable within the band.
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RationaleRationale: 

This capability allows the subnetwork to sort message traffic of different priority levels and
transmit higher priority messages before lower priority messages, thus ensuring the timely delivery of high
priority messages.

Requirements ReferenceRequirements Reference:  1.3.2

5. SSUBNETWORK UBNETWORK PPERFORMANCE ERFORMANCE CCHARACTERISTICSHARACTERISTICS

The following subnetwork performance characteristics are established to assure the necessary
continuity and quality of service.  

5.1 Coverage and connectivityCoverage and connectivity

DefinitionsDefinitions:

1) Coverage volume is defined as the designated airspace for which a signal level is
required to maintain the link connectivity with a specified probability.

2) Connectivity describes either that two communication entities are connected or a
possibility exists through which they may be connected.  

Note.! This will depend on several factors, including physical coverage, status of communication entity,
available communication resources, etc.:

3) Logical connectivity exists when information is available to a network system, to enable
data to be relayed to and from another system.  This implies knowledge of the
destination addresses.

4) Physical connectivity is the capability to transmit and to receive data from a remote
system.  

CapabilityCapability:

a) the VDL Mode 3 coverage (physical connectivity) shall be specified using coverage
charts for different flight levels showing the maximum transmitter range with a 95 per
cent time availability of the median propagation loss for the signal, considering the
system functions with the specified minimum sensitivity/power performance; and

b) the VDL Mode 3 shall be capable of establishing logical connectivity between aircraft
and ground systems, i.e. have the necessary knowledge of link addresses.

RationaleRationale:
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Physical and logical connectivity are a prerequisite for all other requirements.

Requirements ReferenceRequirements Reference:  1.1.8, 1.1.9, 1.3.1

6. TTHROUGHPUT DELAY REQUIREMENTSHROUGHPUT DELAY REQUIREMENTS

DefinitionsDefinitions:

1) Subnetwork throughput is defined as the correctly received traffic, in packets per
sender per unit time.  These guidelines assume an average SNSDU length of 128
octets, passing the subnetwork/internetwork layer boundary.  

2) User data throughput is the average number of correctly transferred octets of user data
transferred per second.

Note.! The throughput is measured for each direction.

3) Stable throughput of a multiaccess system is defined as the least upper bound of arrival
rate for which the system is stable.

4) Transit delay is the elapsed time between the receipt of a SNSDU at the originating
subnetwork service interface and the delivery of the SNSDU at the destination
subnetwork service interface.

Physical layer bit ratePhysical layer bit rate:

Mode 3 (D8PSK) modulation  31 500 bits/s

Traffic ModelTraffic Model:

Table 1 defines the steady state application traffic per full avionics equipage aircraft and Table 2 defines the
steady state application traffic per minimal avionics equipage aircraft.  Full avionics equipage implies support
for the full range of data link applications, while a minimal avionics equipage implies that the aircraft only
supports a small subset of the applications.  This traffic is based on the proposed traffic model for VDL Mode
3 capacity simulation.  This traffic model assumes that the VDL Mode 3 supports four levels of subnework
priority, although the exact number of subnetwork priorities for the VDL Mode 3 design is TBD.

Note 1.! For purposes of this throughput analysis, four levels of priority are assumed to be supported by the
VDL Mode 3 subnetwork.  In Tables 1 and 2, these priorities are listed in decreasing order, i.e. 3 is the
highest and 0 is the lowest.  Priority 3 corresponds to ATN network management traffic.  Priorities 2 and 1
corresponds to ATS traffic.  Priority 0 corresponds to [to be done] traffic.

Note 2.! The priorities 2 through 0 traffic represent application traffic.  They do not include ATN overhead
which can be very significant.
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Note 3.! For peak traffic, a peak loading factor of 3 for a duration of 30 seconds is assumed for priorities 2
through 0 traffic.

Note 4.! The broadcast traffic is sent by the ground to all aircraft.

Note 5.! The values specified for transit delay are for packets being sent over a previously established
virtual-circuit.

Table 1 - Steady State Application Traffic Load Per Full Avionics Equipage AircraftTable 1 - Steady State Application Traffic Load Per Full Avionics Equipage Aircraft

Traffic
Type

Priority Uplink Downlink Uplink Message Downlink Message Uplink
Data
Rate
Per
Aircraft
(bits/s)

Downlink
Data Rate
Per
Aircraft
(bits/s)

Msg
interarrival
time

Message
Rate per
Aircraft

Msg
interarrival
time

Message
Rate per
Aircraft

Distribution Mean
Size
(bits)

Distribution Mean
Size
(bits)

Two-way 3 TBD TBD TBD TBD TBD TBD TBD TBD TBD TBD
Two-way 2 Exponential 9.6 msg/10

min
Exponential 13.1

msg/10 min
Exponential 123 Exponential 32 2 0.7

Two-way 2 Exponential 1 msg/10
min

Exponential 1 msg/10
min

Exponential 40 Exponential 960 0.07 2

Two-way 2 Exponential 1 msg/50
min

Exponential 1 msg/50
min

Exponential 800 Exponential 800 0.3 0.3

Two-way 1 Exponential 1 msg/20
min

Exponential 1 msg/20
min

Exponential 800 Exponential 100 0.67 0.1

Two-way 1 Exponential 1 msg/10
min

Deterministic 1 msg/5
min

Deterministic 56 Deterministic 1760 0.09 6

Broad-cas
t

1 Deterministic 1 msg/min N/A 0 msg/min Deterministic 3325 N/A 0 0

Two-way 0 Exponential 0.06
msg/min

Exponential 0.12
msg/min

Exponential 2400 Exponential 2400 2.4 4.8

Table 2 - Steady State Application Traffic Load Per Minimal avionics equipage AircraftTable 2 - Steady State Application Traffic Load Per Minimal avionics equipage Aircraft

Traffic
Type

Priority Uplink Downlink Uplink Message Downlink Message Uplink
Data Rate
Per
Aircraft
(bits/2)

Downlink
Data Rate
Per Aircraft
(bits/s)

Msg
interarrival
time

Message
Rate per
Aircraft

Msg
interarrival
time

Message
Rate per
Aircraft

Distribution Mean
Size
(bits)

Distribution Mean
Size
(bits)

Two-way 3 TBD TBD TBD TBD TBD TBD TBD TBD TBD TBD
Two-way 2 Exponential 9.6 msg/10

min
Exponential 13.1 msg/10

min
Exponential 123 Exponential 32 2 0.7

Broad-cast 1 Deterministic 1 msg/min N/A 0 msg/min Deterministic 3325 N/A 0 0

RequirementRequirement:

The VDL Mode 3 shall support the transit delays for 128 octet SNSDUs specified in
Table 3.
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Table 3 - VDL Mode 3 Transit Delay Requirements for 128 Octet SNSDUsTable 3 - VDL Mode 3 Transit Delay Requirements for 128 Octet SNSDUs

Scenario Priority Uplink Transit Delay (secs) Downlink Transit Delay (secs)
Mean 95% Mean 95%

20 aircraft 3 TBD TBD TBD TBD
20 aircraft 0 TBD TBD TBD TBD
30 aircraft 3 TBD TBD TBD TBD
30 aircraft 0 TBD TBD TBD TBD
40 aircraft 3 TBD TBD TBD TBD
40 aircraft 0 TBD TBD TBD TBD

Note.! Each scenario specifies the total number of aircraft within coverage of a single ground station.  For
each scenario, 40 per cent are full avionics equipage aircraft and 60 per cent are minimal avionics equipage
aircraft.

RationaleRationale:  

This message traffic model is derived from a United States FAA study conducted by the Data link
Operational Requirements Team (DLORT), which examined the expected capacity demands of future data
link applications.  The traffic demands proposed by the DLORT have been modified slightly to take advantage
of the broadcast data link provided by the VDL Mode 3 and to ensure that the VDL system functions
properly.  For example, it is expected that large, periodic FIS messages, such as wind shear reports would be
better placed in a broadcast link rather than a point-to-point communications system.

Requirements ReferenceRequirements Reference:  [to be done]

7. RRESIDUAL ERROR RATEESIDUAL ERROR RATE

DefinitionDefinition:

The VDL Mode 3 residual error rate is the ratio of total incorrect, lost and duplicated packets to the
total transferred across the subnetwork during the measurement period.  

Note.! There may be a great difference between the value of the end-to-end residual error rate above the
transport layer and the residual error rate of the subnetwork.  

CapabilityCapability:
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1 0 - 7

Requirements ReferenceRequirements Reference:  1.3.6

8. CCONGESTION CONTROLONGESTION CONTROL

DefinitionDefinition:

Congestion is defined as the situation when the over-all network performance degrades because too
many packets are present in the VDL Mode 3 subnetwork.

RecommendationRecommendation:

Long-term congestion control is the responsibility of the ground communication system.  Congestion
should be avoided by sufficient monitoring to detect congestion precursors so that facilities can be added to
handle the added load.  When congestion occurs and additional facilities are not available, data traffic should
be reduced by restricting lower priority traffic. 

Short-term congestion control will be provided by the subnetwork priority mechanism.  

RationaleRationale:

The priority mechanism should ensure that high priority traffic continues to flow as much as possible
during congested periods.  However, priority handling has its limits and the ground system will need to ensure
that the subnetwork is not overloaded excessively for long periods of time or low priority traffic may incur
large delay.

Requirements ReferenceRequirements Reference:  1.3.2

9. FFAILURE AILURE DDETECTIONETECTION

Design ObjectiveDesign Objective:
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The system shall support timely detection of link failure by either ground or airborne stations
independent of user traffic.

RationaleRationale:  

Time required for failure detection is critical for meeting the service availability requirement. 

Requirements ReferenceRequirements Reference:  1.1.19, 1.4.6

10. SSYSTEM RECOVERYYSTEM RECOVERY

DefinitionDefinition:

System recovery time is a measure of the time between a system becoming disabled and being
re-enabled.  

RequirementRequirement:

The VDL Mode 3 data service shall be capable of recovering from a failure on the RF link within 10
seconds of the end of any interference.  

Note.! The VDL Mode 3 data service shall be considered to have been recovered when it is again capable of
accepting connection requests from aircraft.  Because of the connection-oriented subnetwork design (see 4.4),
the actual recovery of the last aircraft affected may be much slower.

Voice service shall be considered to have been recovered as per current practices.  

RationaleRationale:

Longer periods of disruption would not be tolerable for time-critical applications.

! ! ! ! ! ! ! !


