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FOREWORD

1. This document, prepared by EUROCAE Working Group 51 was accepted by the
Council of EUROCAE on <tbd>.

2. EUROCAE is an international non-profit making organisation. Membership is
open to European users and manufacturers of equipment for aeronautics, trade
associations, national civil aviation administrations and, under certain conditions,
non-European organisations. Its work programme is principally directed to the
preparation of performance specifications and guidance documents for civil
aviation equipment, for adoption and use at European and worldwide levels.

3. The findings of EUROCAE are resolved after discussion among its members and
in cooperation with RTCA Inc., Washington DC, USA and/or the Society of
Automotive Engineers (SAE), Warrendale PA, USA through their appropriate
committees.

4. This is the first edition of the document.

5. Co-ordination of this document has been achieved with RTCA following the
preparation of <tbd>. Significant differences between this document and <tbd>
are

<significant differences with relevant RTCA publications to be listed here>

6. EUROCAE performance specifications are recommendations only. EUROCAE is
not an official body of the European Governments; its recommendations are valid
as statements of official policy only when adopted by a particular government or
conference of governments.

7. Copies of this document may be obtained from:

EUROCAE
17 rue Hamelin

75783 PARIS CEDEX 16
France
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1                   INTRODUCTION

1.1                     DOCUMENT PURPOSE

This document sets forth minimum operational performance standards for the
VDL Mode 4 Aircraft Transceiver. This equipment provides an Automatic
Dependent Surveillance - Broadcast (ADS-B) capability, and in addition a
communication service which may be integrated as a mobile subnetwork into the
Auronautical Telecommunication Network (ATN). Compliance with these
standards is required to assure that the VDL Mode 4 equipment will perform
satisfactorily under normal operating conditions. Incorporated within these
standards are system characteristics that will facilitate the design and
implementation of VDL Mode 4 equipment.

1.2                     DOCUMENT SCOPE

This document defines the functional requirements for the VDL Mode 4 Aircraft
Transceiver. It addresses the specific requirements for ADS-B, but does not define
other data link applications that may be supported by the equipment.

Chapter 1 provides an overview of the VDL Mode 4 system

Chapter 2 contains general design specifications.

Chapter 3 provides minimum performance specification for a VDL Mode 4
Aircraft Transceiver, defining performance under standard operating conditions.

Chapter 4 prescribes the environmental test conditions which provide a laboratory
means of determining the overall performance characteristics of the equipment
under conditions representative of those which may be encountered in actual
operations.

Chapter 5 describes recommended functional test procedures for demonstrating
compliance with Chapters 3 and 4.

Chapter 6 summarises the requirements for installed equipment performance.

Compliance with this minimum operational performance specification by
manufacturers, installers and users is recommended as a means of assuring that the
equipment will satisfactorily perform its intended function(s) inder all conditions
normally encountered in routine aircraft operations.

Any regulatory application of this document in whole or in part is the sole
responsibility of appropriate government agencies.

As the measured values of equipment performance may be a function of the
method of measurement, standard test conditions and methods of test are
recommended in this document.

Mandating and Recommendation Phrases



7

EUROCAE VDL Mode 4 Transceiver MOPS  Working DRAFT D

a. “Shall”
The use of the word “Shall” indicates a mandated criterion; i.e. compliance
with the particular procedure or specification is mandatory and no
alternative may be applied.

b. “Should”
The use of the word “Should” (and phrases such as “It is recommended
that...”, etc.) indicate that though the procedure or criterion is regarded as
the preferred option, alternative procedures, specifications or criteria may
be applied, provided that the manufacturer, installer or tester can provide
information or data to adequately support and justify the alternative.

1.3                     DESCRIPTION OF VDL MODE 4 CONCEPT

<The following material has been adapted for these MOPS from draft ICAO
Manual Material>

VDL Mode 4 is a time-critical VHF data link, providing digital communications
between aircraft and other aircraft and ground stations, designed for CNS/ATM
aviation applications, including broadcast applications and air-to-air and ground-
to-air communications. As part of its design, VDL Mode 4 incorporates a
surveillance function (ADS-B) in which all users regularly transmit their position,
making it possible for all aircraft, ground stations and other users to know the
exact location of all other users in the vicinity.

VDL Mode 4 supports the Cellular CNS Concept (CCC), a vision of future
CNS/ATM technology in which there is one CNS system solution for all user
groups during all phases of flight. VDL Mode 4 is part of the system solution as it
is an efficient, affordable gate-to-gate data link. In the CCC, each aircraft, ground
station, or other user is surrounded by a communications volume (a ‘cell’). Each
user can communicate directly with any other user in the cell, and indirectly
(through appropriate routing networks such as the ATN) with users outside of the
cell.

VDL Mode 4 transmits digital data in a standard 25 kHz VHF communications
channel. The unique feature of VDL Mode 4 is the way that the available
transmission time is divided into a large number of short time-slots, each of which
may be used by a radio transceiver (mounted on aircraft, ground vehicles or at
fixed ground stations) for transmission of data. The exact timing of the slots and
planned use of them for transmissions are known to all users in range of each
other, so that efficient use of the data link can be made and users do not transmit
simultaneously. As a result of this ‘self-organising’ protocol, VDL Mode 4 does
not require any ground infrastructure to operate and can therefore support air-air as
well as ground-air communications and applications.

Three basic operational scenarios for VDL Mode 4 have been identified:

a. Autonomous operation is defined as the situation where no VDL Mode 4
ground infrastructure exists. Surveillance by means of ADS-B and air-air
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communication can take place between any users with overlapping cells by
means of the self-organizing protocol. All activities use two globally co-
ordinated Global Signalling Channels (GSCs).

b. Single Cell operation is defined as the situation where overlapping VDL
Mode 4 ground stations exist, but do not co-ordinate their operation over a
dedicated ground network. Thus each single cell within the coverage of
one ground station can be seen as an independently operating system.
Additional local channels may be available (e.g. to support SMGCS) and
channel management can be supported by the transmission of the
Directory of Service (DoS) message on the GSCs.

c. Multi Cell operation is defined as the situation where VDL Mode 4 ground
stations co-ordinate their operation by means of dedicated ground
networks. The number of VDL Mode 4 ground stations within multi cell
operation affects overall system capacity and redundancy.

VDL Mode 4 operation is built up from the following fundamental features:

a. A robust modulation scheme for encoding data in each slot. VDL Mode 4
supports Gaussian Filtered Frequency Shift Keying (GFSK) with a
modulation rate of 19,200 bits/sec and differential 8-state phase shift
keying (D8PSK) operating at 31,500 bits/sec.

b. A time division multiplex access (TDMA) frame structure. In VDL Mode
4, channel time is divided into fixed length time slots. A “superframe”,
which is an important term used in the VDL Mode 4 channel management,
consists of a group of slots that span a period of 60 seconds. If GFSK
modulation is used in VDL Mode 4, the superframe contains 4500 slots
(equivalent to 75 slots per second).

c. A timing reference providing a unique marker for the start of each
communications slot. The Integrated Timing Concept (ITC) used in VDL
Mode 4 is based upon Universal Co-ordinated Time (UTC). The source is
primarily GNSS, but other sources may be used as long as they can be
related to UTC. In the event that a station loses its source of UTC time, it
may continue to derive it from the time of arrival of synchronization bursts
received from other stations (known as secondary timing).

d. Position information from the aircraft’s navigation system is used to
organise access to the slots. If a station loses its source of position
information it may continue to derive position from synchronization bursts
received from other stations (known as secondary navigation).

e. A flexible message structure that can support a wide range of broadcast
and data transfer protocols.

f. A slot selection function that determines when a station can access the
channel and maintains information on the current and planned slot
assignments.
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g. A slot access management function, controlling the use of each slot.

h. A data link service function which provides point to point and broadcast
communications protocols.

i. A number of link management functions that support the communications
connections with other stations and which provide access to data link
services on a wide range of channels.

1.4                     VDL MODE 4 AIRCRAFT TRANSCEIVER

<the following material has been prepared to reflect the sentiment of discussion
on aircraft equipment configuration issues. It will be further updated and refined
in the light of subsequent work on these issues.>

It is not the intention of these MOPS to prescribe a particular physical architecture
for the VDL Mode 4 transceiver. It is assumed that the equipment will include all
the relevant functionality defined by ICAO SARPs, as detailed in section 0, but
that additional supporting functions such as determination of aircraft position and
other air derived data will be performed external to the VDL Mode 4 transceiver.
However, other architectures may be more appropriate to meet user requirements.

It shall be a requirement to meet the provisions of these MOPS, that the equipment
is tested in conjunction with all the physical units involved in the implementation
of the functionality specified in section 0, including the provision of the time
reference, but excluding the derivation of data for transmission over the air-ground
link. Where necessary, appropriate Points of Control and Observation shall be
provided internally to the equipment to allow the tests specified by these MOPS to
be performed.

It may be expected that VDL Mode 4 transceivers may be fitted to a wide range of
aircraft configurations, each having differing requirements in terms of the services
to be supported by the equipment and tolerance to equipment failure. In order to
reflect such differing requirements, the following three equipment configurations
have been defined, and form the basis of verification that the VDL Mode 4 system
is capable of meeting defined operational requirements. Other equipment
configurations are not excluded, but manufacturers will be required to demonstrate
by supporting analysis that an alternative configuration is capable of meeting the
appropriate operational requirements.

<possibly need reference to MASPS or European equivalent here?>

The following three equipment configurations are defined:

a. Configuration Alpha equipment shall comprise at least two
VDL Mode 4 transceivers, connected by links which shall enable either
unit to immediately, without interruption in service, take over the
functions of the other unit in the event of any failure of that unit. Each
transceiver shall incorporate one frequency agile transmitter, together with
a total of three receivers, all capable of simultaneous operation on
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independent frequencies. The transmitter shall conform to the
requirements of Class A (as defined by 0).

 NOTE 1: This configuration will provide access to the widest range of
VDL Mode 4 services, and offer high availability arising from
the use of cross links between the units. This is expected to be
applicable to Air Transport users.

 NOTE 2: The principle purpose of the cross links will be to enable each
unit to maintain a reservation table for the frequencies
monitored by the receivers in the opposite unit.

b. Configuration Beta equipment shall comprise a single VDL
Mode 4 transceiver, incorporating one frequency agile transmitter, together
with a total of three receivers, all capable of simultaneous operation on
independent frequencies. The transmitter shall conform to the
requirements of Class A (as defined by 0).

 NOTE: This configuration will be capable of supporting fewer
services and lower availability than for Configuration Alpha
equipment. It is expected to be applicable to sophisticated
General Aviation users

c. Configuration Gamma equipment shall comprise a single
VDL Mode 4 transceiver, incorporating one frequency agile transmitter,
together with a total of two receivers, both capable of simultaneous
operation on independent frequencies. The transmitter shall conform to the
requirements of Class B (as defined by 0).

NOTE: This configuration represents the lowest possible
configuration, such as might be applicable to the smalles
General Aviation aircraft.

1.5                     
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DEFINITIONS AND ABBREVIATIONS

<The following material has been extracted from draft VDL Mode 4 SARPs.
Following completion of MOPS it may be appropriate to reduce the scope of these
definitions/abbreviations>

1.5.1                Definitions

Aeronautical Telecommunications Network - An internetwork architecture that
allows ground, air/ground, and aircraft data subnetworks to interoperate by
adopting common interface services and protocols based on the International
Organisation for Standardisation Open Systems Interconnection Reference Model.

Aircraft Address - A unique combination of 24 bits available for assignment to an
aircraft for the purpose of air-ground communications, navigation and
surveillance. An aircraft may choose not to use this unique address and can use
instead a non-unique address.

Automatic Dependent Surveillance-Broadcast (ADS-B) - A surveillance service
based on aircraft self-determination of position/velocity/time and automatic, periodic
or random, broadcast of this information along with auxiliary data such as aircraft
identity (ID), communications control parameters, etc. ADS-B is intended to support
multiple high-level applications and associated services such as cockpit display of
traffic information, traffic alert and collision avoidance functionality, enhanced
traffic management in the air and on the ground, search and rescue support and
others.

Autotune Function - This function, performed by the link management entity,
allows a ground station to command an aircraft to change frequencies.

Burst - A VHF digital link (VDL) specific services burst is composed of a sequence
of source address, burst ID, information, slot reservation, and frame check sequence
(FCS) fields, bracketed by opening and closing flag sequences. The start of a burst
may occur only at quantised time intervals and this constraint allows the propagation
delay between the transmission and reception to be derived.

Burst length - The number of slots across which the burst is transmitted.

Current slot - The slot in which a received transmission begins.
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Data Link Entity - A protocol state machine capable of setting up and managing a
single data link connection.

Data Link Service (DLS) Sublayer - The sublayer that resides above the media
access control (MAC) sublayer. The data link service (DLS) manages the transmit
queue, creates and destroys data link entities (DLEs) for connection-oriented
communications, provides facilities for the link management entity (LME) to
manage the DLS, and provides facilities for connection-less communications.

DLS System - A VDL system that implements the DLS and subnetwork protocols to
carry Aeronautical Telecommunications Network (ATN) or other packets.

Frame - The link layer frame is composed of a sequence of address, control,
information and FCS fields, bracketed by opening and closing flag sequences. A
valid frame is at least 11 octets in length and contains an address field (8 octets), a
link control field (1 octet) and a frame check sequence (2 octets). A frame may or
may not include a variable-length information field.

Global Signalling Channel (GSC) - A world-wide pair of Global Signalling
Channels (GSCs) provides for communication control in all airspaces. The GSCs
are used to support link management functions.

Link - A link connects a mobile DLE and a ground DLE and is uniquely specified
by the combination of mobile DLS address and the ground DLS address. A
different subnetwork entity resides above every link endpoint.

Link Establishment - The process by which an aircraft and a ground LME discover
each other, determine to communicate with each other, decide upon the
communication parameters, create a link and initialise its state before beginning
communications.

Link Handoff - The process by which peer LMEs, already in communication with
each other, create a link between an aircraft and a new ground station before
disconnecting the old link between the aircraft and the current ground station.

Link Layer - The layer that lies immediately above the physical layer in the Open
Systems Interconnection protocol model. The link layer provides for the reliable
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transfer of information across the physical media. It is subdivided into the data
link sublayer and the media access control sublayer.

Link Management Entity (LME) - A protocol state machine capable of acquiring,
establishing, and maintaining a connection to a single peer system. A LME
establishes data link and subnetwork connections, ‘hands-off’ those connections,
and manages the media access control sublayer and physical layer. An aircraft
LME tracks how well it can communicate with the ground stations of a single
ground system. An aircraft VDL management entity (VME) instantiates an LME
for each ground station that it monitors. Similarly, the ground VME instantiates an
LME for each aircraft that it monitors. An LME is deleted when communication
with the peer system is no longer viable.

Media Access Control - The sublayer that acquires the data path and controls the
movement of bits over the data path.

Mode 2 - A mode for communication systems using a differentially encoded 8
phase shift keying modulation scheme and carrier sense multiple access.

Mode 4 - A mode for communication/navigation/surveillance systems using either a
Gaussian Filtered Frequency Shift Keying or a differentially encoded 8 phase shift
keying modulation scheme and self organising time division multiple access.

Physical Layer - The lowest level layer in the Open Systems Interconnection
protocol model. The physical layer is concerned with only the transmission of
binary information over the physical medium (e.g. VHF radio).

Private Parameters - The parameters that are contained in exchange identity (XID)
frames and that are unique to the VHF digital link environment.

Self-Organising time division multiple access (STDMA) - A multiple access scheme
based on time-shared use of a radio frequency (RF) channel employing: (1) discrete
contiguous time slots as the fundamental shared resource; and (2) a set of operating
protocols that allows users to mediate access to these time slots without reliance on a
master control station.

Station - A VDL Mode 4 Specific Services (VSS)-capable entity. A station may be
either a mobile station or a ground station. A station is a physical entity that
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transmits and receives bursts over the RF interface (either A/G or air-to-air (A/A))
and comprises, at a minimum: a physical layer, media access control sublayer, and a
unique VSS address. A station which is also a DLS station has the same address.

Subnetwork Layer - The layer that establishes, manages, and terminates
connections across a subnetwork.

Superframe - A group of slots that span a period of one minute and contains M3
slots.  The start of the current superframe is aligned with the start of the slot that is
currently being used for transmission. The next superframe starts M3 slots after
the current slot.

Synchronisation burst (or “sync” burst) - One of a set of bursts which are
periodically transmitted by all stations. Mobile stations announce existence,
position, and intention. Ground stations announce existence, position, and the
current time. Mobile stations lacking timing information can then derive the slot
structure from ground synchronisation bursts. Mobile stations lacking position
information can derive position from both mobile and ground synchronisation
bursts. This periodic information is used in various ways including ADS-B,
secondary navigation, and simplifying the LME algorithms.

Time Division Multiple Access (TDMA) - A multiple access scheme based on time-
shared use of an RF channel employing: (1) discrete contiguous time slots as the
fundamental shared resource; and (2) a set of operating protocols that allows users to
interact with a master control station to mediate access to the channel.

VSS user - A user of the VDL Mode 4 specific services.

Unicasted transmission - A transmission addressed to a single station.

VDL Management Entity (VME) - A VDL-specific entity that provides the quality
of service requested by the ATN-defined subnetwork system management entity.
A VME uses the LMEs (that it creates and destroys) to acquire the quality of
service available from peer systems.

VDL Station - A VDL-capable entity. A station may either be a mobile station or a
ground station. A station is a physical entity that transmits and receives frames
over the air/ground (A/G) interface and comprises, at a minimum: a physical layer,
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media access control sublayer, and a unique DLS address. The particular initiating
process (i.e., DLE or LME) in the station cannot be determined by the source DLS
address. The particular destination process cannot be determined by the
destination DLS address. These can be determined only by the context of these
frames as well as the current operational state of the DLEs.

VDL System - A VDL-capable entity. A system comprises one or more stations
and the associated VDL management entity. A system may either be a mobile
system or a ground system.

1.5.2                



16

EUROCAE VDL Mode 4 Transceiver MOPS  Working DRAFT D

Abbreviations

A/A Air-to-air
ADS-B Automatic Dependent Surveillance Broadcast
A/G Air/Ground
ATN Aeronautical Telecommunication Network
AVLC Aviation VHF Link Control
BER Bit Error Rate
BSAP Broadcast Service Access Point
CCI Co-Channel Interference
CLNP Connectionless Mode Network Protocol
CRC Cyclic Redundancy Code
D8PSK Differentially Encoded 8 Phase Shift Keying
dBm Decibels with Respect to 1mW
DLE Data Link Entity
DLS Data Link Service
DM Disconnected Mode (frame)
FCS Frame Check Sequence
FEC Forward Error Correction
FOM Figure of Merit
FRMR Frame Reject (frame)
GFSK Gaussian Filtered Frequency Shift Keying
GSC Global Signalling Channel
GSIF Ground Station Information Frame
hex Hexadecimal
HDLC High-Level Data Link Control
IA5 The Character Set Defined in ISO 646 Table 5
ICAO International Civil Aviation Organisation
ID Identity
INFO Information (frame)
ISO International Organisation for Standardisation
LME Link Management Entity
LSB Least Significant Bit
MAC Media Access Control
NRZI Non-Return to Zero Inverted
PECT Peer Entity Contact Table
ppm Parts Per Million
RF Radio Frequency
RR Receive Ready (frame)
RTS Request to Send (burst)
SARPs Standards and Recommended Practices
SNR Signal to Noise Ratio
SREJ Selective Reject (frame)
STDMA Self-organising Time Division Multiple Access
T The baud period or 1/baud rate.
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TDMA Time Division Multiple Access
UI Unnumbered Information (frame)
UTC Universal Coordinated Time
VDL VHF Digital Link
VHF Very High Frequency
VME VDL Management Entity
VSS VDL Mode 4 Specific Services
XID Exchange Identity (frame)

1.6                     
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REFERENCES
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2. EUROCAE ED-12B / RTCA DO-178B - Software Considerations in
Airborne Systems and Equipment Certification

3. EUROCAE ED-14C / RTCA DO-160C - Environmental Conditions and
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4. ISO/IEC 8208:1990 - Information Technology-Data Communications-
X.25 Packet Layer Protocol for Data Terminal Equipment, second edition
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6. ISO/IEC 9646 - Information technology - Open Systems Interconnection -
Conformance testing methodology and framework

7. RTCA <ref tbd>
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GENERAL DESIGN REQUIREMENTS

2.1                     AIRWORTHINESS

The equipment shall not, under normal or fault conditions, impair the
airworthiness of the aircraft in which it is installed.

2.2                     INTERNATIONAL TELECOMMUNICATIONS UNION

The equipment shall comply with the relevant International Telecommunications
Union Radio Regulations.

2.3                     FIRE PROTECTION

Except for small parts (such as knobs, fasteners, seals, grommets and small
electrical parts) that would not contribute significantly to the propagation of a fire,
all materials used shall be self extinguishing.

NOTE: One means of showing compliance is contained in Joint Airworthiness
Requirements (JAR), Part 25, Appendix F.

2.4                     CONTROLS

The operation of controls intended for use during flight, in all possible positions,
combinations and sequences, shall not result in a condition whose presence or
continuation would be detrimental to the continued performance of the equipment.

Controls which are not intended to be adjusted in flight shall not be readily
accessible to flight personnel.

2.5                     EFFECTS OF TESTS

Unless otherwise stated, the design of the equipment shall be such that, during and
after the application of the specified tests, no condition exists which would be
detrimental to the subsequent performance of the equipment.

2.6                     SOFTWARE DESIGN

Software design shall follow the guidelines specified in document
EUROCAE ED-12B/RTCA DO-178B  “Software Considerations in Airborne
Systems and Equipment Certification”.

The software criticality level of the VDL Mode 4 Transceiver shall be level C.

<Level C is equal to SSR Transponder Criticality>

2.7                     VDL MODE 4 TRANSCEIVER CONFIGURATION

The design of the VDL Mode 4 Transceiver may be required to support a variety
of aircraft installations, and be capable of enhancement to support evolving
operational requirements. In order to satisfy these demands, the equipment shall be
capable of being configured locally in respect of:

a. ICAO 24 bit Aircraft Address
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<Discuss here additional configuration issues, including access to aircraft
parameters, and specification of Enhanced Surveillance messages>

2.8                     RECOVERY FROM FAILURE

2.8.1                Failure of the VDL Equipment

If a failure of a VDL Mode 4 Transceiver occurs, it may be necessary to perform a
power up restart, which ensures that the equipment is in the initialisation state and
re-acquires a reservation table prior to re-establishing synchronization bursts, after
the problem has been resolved. Such a restart is likely to result in a delay before
ADS-B information becomes available again, due to the time needed to re-acquire
the reservation table.

For Configuration Alpha equipment (as defined in 0), it shall be required to
provide multiple redundant VDL Mode 4 Transceivers (i.e. a “hot” standby unit)
with crosslinks between them.

<Discuss requirements/configuration of multiple redundant units here>

Failure of the VDL Mode 4 equipment shall not impair the function of other
airborne equipment.

2.8.2                Failure of Associated Equipment

<Discuss requirements in the event of failure of position/timing and aircraft data
sources here>

2.9                     MONITORING OF PROPER OPERATION

The VDL Mode 4 Transceiver shall contain Built-in Test Equipment (BITE)
which shall test the equipment upon power up and at other times when
commanded by the flight crew.

Automatic monitoring of correct operation of the equipment shall take place
continuously throughout the flight, reflecting any impaired functionality of
associated equipment (i.e. sources of position and time)

An indication shall be given to the crew of any failure.

NOTE: An acceptable means of compliance would be to provide system status
monitor(s) and built-in test functions which would detect and indicate to
the flight crew a failure of the VDL Mode 4 system due to any of the
following:

a. loss of system electrical power

b. failure of digital interfaces
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c. failure of the equipment to perform intended functions

d. removal of the equipment from the aircraft.

3
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MINIMUM PERFORMANCE SPECIFICATION UNDER STANDARD TEST
CONDITIONS

3.1                     SUMMARY OF FUNCTIONAL AND PERFORMANCE REQUIREMENTS

The VDL Mode 4 Transceiver shall conform to the functional requirements, as
specified by ICAO SARPs, as listed in Table 3-1a.

Table 3-1b provides a list of the additional MOPS requirements identified later in
this chapter.

Tables 3-1a and 3-1b additionally outline the mapping between the VDL Mode 4
Transceiver requirements and the related MOPS test procedures. In these tables:

- Column 1 is a reference to the ICAO SARPs or MOPS
paragraph number.

- Column 2 identifies individual requirements within each
SARPs or MOPS reference.

- Column 3 summarises each requirement taken from ICAO SARPs or
MOPS text.

- Column 3 holds remarks. This may be used to indicate where a MOPS
requirement has been derived from a SARPs requirement.

- Column 4 is a reference to testing requirements specified elsewhere in this
document whose structure and organization is detailed in paragraph 5.2.
Several tests verify a whole group of requirements. They are only
mentioned in the first row of such a group, usually a headline. The
applicability of these tests to the subordinated requirements is indicated by
ditto marks ( " ) in the rows following the first instance of a test case
name. Amplification of individual entries is provided by the following
notes:

NOTE 1: The ICAO Annex10/MOPS paragraph number in column 1 is a
headline or an introduction to requirements that are detailed
in subsequent sub-paragraphs. No test can be applied.

NOTE 2: The ICAO Annex10 requirement listed in column 1 does not
allow definition of a satisfactory go/no go test, for example,
because it would be technically infeasible, or economically
unreasonable. There are circumstances where the implementor
can provide reasoned argument or test evidence that the
implementation under test does conform to the requirements in
Column 1. For each of these circumstances the implementor
may be required to satisfy the authorities by separate technical
evidence.

NOTE 3: The ICAO Annex10 requirement listed in column 1 is
applicable only to VDL Mode 4 ground equipment. No aircraft
equipment test is required.
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NOTE 4: This topic is heavily dependent on the implementation. No
particular test is therefore provided in this document.

NOTE 5: The ICAO Annex 10 requirement listed in column 1 is reflected
in a more specific MOPS requirement specified and tested
elsewhere in this document

- Column 5 provides the related page number of this document on which the
test description starts.
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Table 3-1a: VDL Mode 4 requirements according to ICAO SARPs as called up by paragraph 3.1 above

<The following table contains all requirements identified by ICAO SARPs including those which may be applicable only to the
communication functions of VDL Mode 4. The shaded entries in the table indicate requirements which have been proposed in earlier
meetings of WG51/2 should not apply as they appear in SARPs to an ADS-B only system. In many cases, some equivalent functionality
will need to be specified in MOPS (e.g. transfer of XID frames for parameters VS1, VS2, Q4, Freq Support List, Short BSAP and Long
BSAP). The selection of functionality applicable to ADS-B requires review in the light of results from AMCP/5, and also requires co-
ordination with VSG to ensure compatibility with potential SARPs development.>

<This table includes both generic VDL requirements applicable to all VDL modes, as well as specific VDL Mode 4 requirements. The
generic requirements have already been incorporated into Annex 10, and are shown in the Table against the paragraph numbers
applicable to Amendment 72 of Annex 10 (all in chapter 6). The VDL Mode 4 requirements are currently under development by ICAO
AMCP, and have not yet been proposed for publication in Annex 10, and accordingly the final location in Annex 10 is not yet known.
Accordingly, these requirements are identified in the table with paragraph numbers commencing with the # character.>

SARPs Ref Req Title Remark EUROCAE MOPS
Test Case

EUROCAE MOPS
Page No

6. VHF AIR-GROUND DIGITAL LINK (VDL) NOTE 1
6.1 DEFINITIONS AND SYSTEM CAPABILITIES NOTE 1
6.1.1 Definitions NOTE 1
6.1.2 Radio channels and functional channels NOTE 1
6.1.2.1 Aircraft station radio frequency range See MOPS 3.2.3.10 NOTE 5
6.1.2.2 Ground station radio frequency range NOTE 3
6.1.2.3 Common signalling channel VDL Mode 2 only
6.1.3 System Capabilities NOTE 1
6.1.3.1 Data transparency
6.1.3.2 Broadcast
6.1.3.3 Connection management
6.1.3.4 Ground network transition
6.1.4 Air-ground VHD digital link communications system characteristics NOTE 1
6.1.4.1 The characteristics of the air-ground VHF digital link (VDL) communications system NOTE 1
6.1.4.1.1 The radio frequencies used shall be selected from the radio frequencies in the band…
6.1.4.1.2 The design polarization of emissions shall be vertical.
6.2 SYSTEM CHARACTERISTICS OF THE GROUND INSTALLATION NOTE 3
6.3 SYSTEM CHARACTERISTICS OF THE AIRBORNE INSTALLATION NOTE 1
6.3.1 Frequency stability See MOPS 3.2.3.9 NOTE 5
6.3.2 Power
6.3.3 Spurious emissions NOTE 1
6.3.3.1 Spurious emissions shall be kept to the lowest value…
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6.3.4 Adjacent channel emissions NOTE 1
6.3.4.1 The amount of power from a VDL airborne transmitter…over the25 kHz channel

bandwidth of first adjacent channel…
See MOPS 3.2.3.7 NOTE 5

6.3.4.2 The amount of power from a VDL airborne transmitter…over the25 kHz channel
bandwidth of second adjacent channel…

See MOPS 3.2.3.7 NOTE 5

6.3.4.3 The amount of power from a VDL airborne transmitter…over the 16 kHz channel
bandwidth centred on the first adjacent channel…

See MOPS 3.2.3.7 NOTE 5

6.3.5 Receiving functions NOTE 1
6.3.5.1 Specified error rate See MOPS 3.2.2 NOTE 5
6.3.5.2 Sensitivity See MOPS 3.2.2.2 NOTE 5
6.3.5.3 Undesired signal rejection See MOPS 3.2.2.3 NOTE 5
6.3.5.3.1 Recommendation
6.3.5.4 Interference Immunity Performance NOTE 1
6.3.5.4.1 The receiving function shall satisfy the specified error rate…with one or more out-of-

band signals, except for VHF FM broadcast signals…
See MOPS 3.2.2.4 NOTE 5

6.3.5.4.2 The receiving function shall satisfy the specified error rate … with one or more VHF FM
broadcast signals…

See MOPS 3.2.2.5 NOTE 5

6.4 PHYSICAL LAYER PROTOCOLS AND SERVICES VDL Mode 2 only

#. VDL MODE 4 STANDARDS AND RECOMMENDED PRACTICES NOTE 1
#.1. DEFINITIONS AND SYSTEMS CAPABILITIES NOTE 1
#.1.1 Definitions. NOTE 1
#.1.2 "Acronyms, abbreviations and parameter symbols." NOTE 1
#.1.2.1 Acronyms and abbreviations. NOTE 1
#.1.2.2 Parameter symbols. NOTE 1
#.1.2.2 a Other terms used in the text shall have the following meanings:
#.1.2.2 b "All division operations, unless otherwise stated, shall be integer divisions (and thus an

implied truncation shall occur after the division)."
#.1.3 Scope of document. NOTE 1
#.1.4 Radio channels and functional channels. NOTE 1
#.1.4.1 Aircraft radio frequency range. NOTE 1
#.1.4.1.1 Transmit tuning range. NOTE 1
#.1.4.1.1 a An aircraft VDL Mode 4 transmitter shall be capable of tuning to any of the 25 kHz

channels from 112.000 MHz through 136.975 MHz.
See MOPS 3.2.3.1 NOTE 5

#.1.4.1.2 Receive tuning range. NOTE 1
#.1.4.1.2 a An aircraft VDL Mode 4 receiver shall be capable of tuning to any of the 25 kHz

channels from 108.000 MHz through 136.975 MHz.
See MOPS 3.2.2.1 NOTE 5

#.1.4.2 Ground radio frequency range. NOTE 1
#.1.4.2 a A ground radio shall be capable of operating on its assigned 25 kHz channel within the

108.000 - 136.975 MHz band.
#.1.4.2 b A radio shall be capable of receiving at least two channels simultaneously.
#.1.4.3 Global Signalling Channels. NOTE 1
#.1.4.3 a "Frequencies [TBD] MHz and [136.950] MHz shall be used as world-wide Global

Signalling Channels (GSC), as required to satisfy user communications objectives, and
shall be used to support link management functions."

#.1.5 System capabilities. NOTE 1
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#.1.5 a VDL Mode 4 communications functions shall meet the general requirements in Sections
1.5.1 through 1.5.4.

#.1.5.1 Extension of the VDL. NOTE 1
#.1.5.1 a VDL Mode 4 shall satisfy all the requirements defined by VDL SARPs Mode 2 together

with the extensions defined in this document.
#.1.5.1.1 ATN compatibility. NOTE 1
#.1.5.1.1 a The VDL system shall provide subnetwork services within the ATN such that

interoperability with the ATN can be maintained.
#.1.5.1.2 Data transparency. NOTE 1
#.1.5.1.2 a "The VDL shall provide code-independent, byte-independent transfer of data."
#.1.5.1.3 Broadcast. NOTE 1
#.1.5.1.3 a The VDL shall provide link layer broadcast services.
#.1.5.1.4 Connection management. NOTE 1
#.1.5.1.4 a "When supporting air-ground communications, the VDL system shall establish and

maintain a reliable communications path between the aircraft and the ground system
while allowing, but not requiring, manual intervention."

#.1.5.1.5 Ground network transition. NOTE 1
#.1.5.1.5 a A mobile DLS station shall transition from one ground DLS station to another when

circumstances dictate.
#.1.5.1.5 b A mobile station shall transition from autonomous to directed mode when commanded

by a ground VSS system and from directed mode to autonomous mode in the absence
of commands from a ground VSS system.

#.1.5.2 Secondary timing function. NOTE 1
#.1.5.2 a VDL Mode 4 shall provide the capability for deriving position and associated time from

time of arrival measurements of received VDL Mode 4 transmissions whenever
externally derived estimates of position and time are unavailable.

#.1.5.3 Air-air communications. NOTE 1
#.1.5.3 a VDL Mode 4 shall provide air-air communications, without ground support, as well as air-

ground communications.
#.1.5.4 Types of traffic. NOTE 1
#.1.5.4 a The VDL Mode 4 system shall support both ATN and non-ATN traffic.
#.2. PHYSICAL LAYER PROTOCOLS AND SERVICES NOTE 1
#.2. a The mobile and ground stations of the VDL Mode 4 shall access the physical medium

operating in simplex mode.
#.2.1 Functions. NOTE 1
#.2.1 a The physical layer shall provide the following functions:
#.2.1.1 Transmitter and receiver frequency control. NOTE 1
#.2.1.1 a The VDL Mode 4 physical layer shall set the transmitter or receiver frequency as

commanded by the Link Management Entity (LME).
#.2.1.1 b Channel selection time shall be less than 5 ms after the receipt of a command from a

VSS user.
#.2.1.2 Data reception by receiver. NOTE 1
#.2.1.2 a Signals received by the receiver shall be decoded so that they may be accurately read

at the higher layers.
#.2.1.3 Data transmission by transmitter. NOTE 1
#.2.1.3.1 Data encoding and transmission. NOTE 1
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#.2.1.3.1 a The physical layer shall appropriately encode the data received from the data link layer
and transmit it over the RF channel.

#.2.1.3.1 b "RF transmission shall take place only when permitted by the MAC sublayer, in
accordance with Section 3.2."

#.2.1.3.2 Time of transmission. NOTE 1
#.2.1.3.2 a The transmission shall consist of 5 stages:
#.2.1.3.3 Automatic transmitter shutdown. NOTE 1
#.2.1.3.3 a "On the VDL Mode 4 Global Signalling Channels defined in 1.4.3, the station shall

automatically shut-down power to the final stage amplifier in the event that the
transmitter remains “on” for more than 0.5 second.  "

#.2.1.3.3 b Reset to an operational mode shall require a manual operation.
#.2.1.3.3 c The transmitter shall be considered “on” if the radiated power exceeds [2 x 106 volts per

metre] (equivalent to [+20dBm]).
See MOPS 3.2.3.12 NOTE 5

#.2.1.4 Notification services. NOTE 1
#.2.1.4.1 Signal quality. NOTE 1
#.2.1.4.1 a The operational parameters of the equipment shall be monitored at the physical layer.
#.2.1.4.1 b Signal quality analysis shall be performed on the demodulator process and on the

receive process.
#.2.1.4.2 Arrival time. NOTE 1
#.2.1.4.2 a The arrival time of each received transmission shall be measured with a two-sigma error

of [5] ?s of the actual arrival time.
#.2.1.4.3 Recommendation.
#.2.2 Protocol definition for D8PSK. NOTE 1
#.2.2 a D8PSK transmissions for frames shall conform to VDL SARPs Mode 2.
#.2.2 b The burst training sequence shall consist of the transmitter power stabilisation and the

following unique word.
#.2.2 c "Following this, the burst shall be transmitted with bit scrambling, but no forward error

correction (FEC), interleaving, reserved symbol, length, or header FEC.  "
#.2.2 d The unique word for bursts shall be: [TBD].
#.2.3 Protocol definition for GFSK. NOTE 1
#.2.3.1 Modulation scheme. NOTE 1
#.2.3.1 a "The modulation scheme shall be Gaussian Filtered Frequency Shift Keying (GFSK),

which is a continuous-phase, frequency shift keying technique using two tones and a
Gaussian pulse shape filter.  "

See MOPS 3.2.1 NOTE 5

#.2.3.1 b "The first bit transmitted (in the training sequence) shall be a high tone and the
transmitted tone shall be toggled before transmitting a 0 (i.e., "

See MOPS 3.2.1 NOTE 5

#.2.3.2 Modulation rate. NOTE 1
#.2.3.2 a "Binary ones and binary zeros shall be generated with a modulation index of 0.25 ±

[0.03] and a BT product of 0.28 ± [0.03], producing data transmission at a bit rate of
19,200 bits/sec ± 50 ppm."

See MOPS 3.2.1,
3.2.3.2

NOTE 5

#.2.3.3 Training sequence. NOTE 1
#.2.3.3.1 Transmitter power stabilisation. NOTE 1
#.2.3.3.1 a "The first segment of the training sequence is the transmitter power stabilisation (stage

A in Figure 2-1), which shall consist of [16] symbols each representing 1.  "
#.2.3.3.1 b The transmitter shall be within 90 percent of the steady state power level the end of the

transmitter power stabilisation segment.
See MOPS 3.2.3.4 NOTE 5

#.2.3.3.2 Synchronisation and ambiguity resolution. NOTE 1
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#.2.3.3.2 a "The second segment of the training sequence (stage B in Figure 2-1).shall be the 24-bit
binary sequence [0101 0101 0101 0101 0101 0101], transmitted from left to right
immediately before the start of the data segment (stage D in Figure 2-1)."

#.2.3.4 Data transmission NOTE 1
#.2.3.4 a The transmission of the first bit of data (stage D in Figure 2-1) shall start 1904 µs ± 1 µs

after the nominal start of transmission.
See MOPS 3.2.3.11 NOTE 5

#.2.3.5 Transmission decay NOTE 1
#.2.3.5 a The transmitted power level (stage E in Figure 2-1) shall decay at least by 20dB within

300 µs after completing a transmission.
See MOPS 3.2.3.5 NOTE 5

#.2.3.5 b The transmitter power level shall be less than [-90dBm] within 832 µs after completing a
transmission.

See MOPS 3.2.3.5 NOTE 5

#.2.4 Channel sensing. NOTE 1
#.2.4.1 Channel busy to idle detection. NOTE 1
#.2.4.1 a A station shall employ the following means to determine the channel busy to idle

transition.
#.2.4.1.1 Measurement of transmission length. NOTE 1
#.2.4.1.1 a When a D8PSK frame training sequence has been detected, the station shall consider

the channel idle at the end of the a priori end of message.
#.2.4.1.2 Measurement of received power. NOTE 1
#.2.4.1.2 a "When a station receives on-channel power of at least 20 microvolts per metre

(equivalent to -87 dBm) at the antenna for at least 5 ms, and no valid training sequence
has been detected, then it shall consider the channel idle …

#.2.4.1.2 b A station shall continue to search for valid synchronisation sequences if it has
determined the channel to be busy based solely on measurement of received power.

#.2.4.2 Channel idle to busy detection. NOTE 1
#.2.4.2 a A station shall employ the following means to determine the channel idle to busy

transition at the physical layer.
#.2.4.2.1 Detection of a training sequence. NOTE 1
#.2.4.2.1 a The channel shall be declared busy if a station detects a valid training sequence.
#.2.4.2.2 Measurement of channel power. NOTE 1
#.2.4.2.2 a "Regardless of the ability of the demodulator to detect a valid training sequence, a

station shall consider the channel busy within 1 ms after on-channel power rises to at
least 10 microvolts per metre (equivalent to -90 dBm) at the antenna."

#.2.5 Receiver/transmitter interaction. NOTE 1
#.2.5.1 Receiver to transmitter turnaround time. NOTE 1
#.2.5.1 a A station shall be capable of beginning the transmission of the transmitter power

stabilisation sequence within 1 µs after terminating the receiver function.
See MOPS 3.2.4.1 NOTE 5

#.2.5.2 Frequency change during transmission NOTE 1
#.2.5.2 a For D8PSK, the total frequency change during the transmission of the unique word shall

be less than 20 Hz.
#.2.5.2 b After transmission of the unique word, the phase acceleration shall be less than 500 Hz

per second.
#.2.5.2 c For GFSK, the total frequency change during the transmission of the training sequence

shall be less than [TBD] Hz.
#.2.5.2 d After transmission of the training sequence, the phase acceleration shall be less than

[TBD] Hz per second.
#.2.5.3 Transmitter to receiver turnaround time. NOTE 1
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#.2.5.3 a A station shall be capable of receiving and demodulating with nominal performance an
incoming signal within 1 ms after completing a transmission.

See MOPS 3.2.4.2 NOTE 5

#.2.6 Physical layer system parameters. NOTE 1
#.2.6 a The physical layer system parameters shall be as described in Table 2-2.
#.2.6.1 Parameter P1 (minimum transmission length). NOTE 1
#.2.6.1 a Parameter P1 defines the minimum transmission length that a receiver shall be capable

of demodulating without degradation of BER.
#.2.6.2 Parameter P2 (nominal CCI performance). NOTE 1
#.2.6.2 a The parameter P2 shall be the nominal CCI at which a receiver can demodulate without

degradation in BER, regardless of the starting times of the two transmissions.
See MOPS 3.2.2.12 NOTE 5

#.3. LINK LAYER PROTOCOLS AND SERVICES NOTE 1
#.3.1 General information. NOTE 1
#.3.1.1 Functionality. NOTE 1
#.3.1.1 a The VDL Mode 4 link layer shall be divided into four sublayers:
#.3.1.2 Services. NOTE 1
#.3.1.2.1 Connection-oriented. NOTE 1
#.3.1.2.1 a The VDL link layer shall provide a reliable point-to-point service using a connection-

oriented DLS sublayer.
#.3.1.2.2 Connection-less. NOTE 1
#.3.1.2.2 a The VDL link layer shall provide an unacknowledged broadcast service using a

connection-less DLS sublayer.
#.3.2 MAC sublayer. NOTE 1
#.3.2 a The MAC sublayer shall transparently acquire the shared communication path so as to

provide the services defined in Section 3.2.1.
#.3.2 b The way in which supporting communications resources are utilised to achieve this shall

not be visible to the VSS and DLS sublayers.
#.3.2.1 MAC sublayer services. NOTE 1
#.3.2.1 a The MAC sublayer shall provide
#.3.2.1 b The MAC layer shall accept from the VSS layer a burst or frame for transmission,

accompanied by the time to transmit it, and the form of access control (reserved,
random or fixed).

#.3.2.1 c The MAC layer shall provide to the VSS layer the received burst and frame data,
notification of slot occupancy, and the status of bursts/frames sent for transmission.

#.3.2.2 MAC sublayer parameters. NOTE 1
#.3.2.2 a MAC service system parameters shall be as described in Table 3-1.
#.3.2.2.1 Parameter M1 (number of slots per superframe). NOTE 1
#.3.2.2.1 a The parameter M1 shall be the number of slots per superframe available.
#.3.2.2.1 b A superframe shall span a period of 60 seconds.
#.3.2.2.1 c The start of the current superframe shall be aligned with the start of the current slot.
#.3.2.3 Time synchronisation. NOTE 1
#.3.2.3.1 Primary. NOTE 1
#.3.2.3.1 a A station shall maintain time synchronisation to Universal Coordinated Time to within a

two-sigma value of 400 ns.
#.3.2.3.1 b The start of each successive group of M1/60 slots shall be aligned with a UTC second.
#.3.2.3.2 Secondary. NOTE 1
#.3.2.3.2 a "If the primary time source fails, a station shall derive time synchronisation from received

bursts to within a two-sigma value of 5000 ns.  "
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#.3.2.3.2 b "A station shall announce secondary time source whenever its time synchronisation
does not meet the primary time source requirements defined in Section 3.2.3.1,
including when there are no other bursts by which to derive time to the secondary time
source r"

#.3.2.4 Slot occupancy notification. NOTE 1
#.3.2.4.1 Slot unoccupied detection. NOTE 1
#.3.2.4.1 a A station shall employ the following means to determine whether a slot is unoccupied.
#.3.2.4.1.1 Expected end of reservation. NOTE 1
#.3.2.4.1.1 a "When a station receives a transmission in a slot for which a reservation was recorded,

then it shall consider the slot unoccupied at the end of the series of reserved slots."
#.3.2.4.1.2 Channel idle notification. NOTE 1
#.3.2.4.1.2 a A station shall consider a slot unoccupied if it receives a notification from the physical

layer that the channel is idle at the start of the slot.
#.3.2.4.2 Slot occupied detection. NOTE 1
#.3.2.4.2 a A station shall employ the following means to determine whether a slot is occupied.
#.3.2.4.2.1 Slot reservation. NOTE 1
#.3.2.4.2.1 a A station shall consider a slot occupied if it has received and processed a reservation for

the slot.
#.3.2.4.2.2 Channel busy notification. NOTE 1
#.3.2.4.2.2 a A station shall consider a slot occupied if it receives a notification from the physical layer

that the channel is busy at the start of the slot.
#.3.2.5 Transmission processing. NOTE 1
#.3.2.5 a "A station shall transmit in the current slot if it has a reservation for the slot or, if there is

no reservation, only if the slot is unoccupied.  "
#.3.2.5 b "If the station is unable to transmit, the MAC layer shall inform the VSS layer."
#.3.2.6 Received transmission processing. NOTE 1
#.3.2.6 a Bursts and frames with an invalid cyclic redundancy code (CRC) shall be discarded.
#.3.2.6 b "Bursts with valid CRCs shall have the reservation field processed and, along with the

received time of transmission, shall be forwarded to the appropriate VSS user. "
#.3.2.6 c Frames with valid CRCs shall be passed to the appropriate DLE.
#.3.2.6 d The received signal quality and transmission start time of frames and bursts with valid

CRCs shall be passed to the appropriate LME.
#.3.3 VSS sublayer. NOTE 1
#.3.3.1 Services. NOTE 1
#.3.3.1.1 Multiple access. NOTE 1
#.3.3.1.1 a "The VSS sublayer shall implement protocols to allow all stations the opportunity to

transmit while maximising system throughput, minimising transit delays, and minimising
collisions. "

#.3.3.1.1 b shall cooperate to provide a self-organising slot reservation table respecting all
reservations during transmissions.

#.3.3.1.2 Error detection. NOTE 1
#.3.3.1.2 a The VSS sublayer shall compute a 16 bit FCS according to ISO 3309 to facilitate

detection by the MAC sublayer (see Section 3.2.4) of data corruption during
transmission.

#.3.3.1.3 Station identification. NOTE 1
#.3.3.1.3 a The VSS sublayer shall accept all valid bursts (see Section 3.2.6).
#.3.3.1.3 b Bursts shall contain a unique source address (see Section 3.3.2.2).
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#.3.3.1.4 Channel congestion. NOTE 1
#.3.3.1.4 a The VSS sublayer shall notify the LME sublayer whenever channel congestion is

detected (see Section 3.3.7.1.2).
#.3.3.2 Burst format. NOTE 1
#.3.3.2 a VSS bursts shall conform to ISO 3309 frame structure except as specified in Table 3-2.
#.3.3.2 b The maximum burst length shall be N1 bits.
#.3.3.2.1 Version number NOTE 1
#.3.3.2.1 a The version number (ver) subfield shall indicate the version of VDL Mode 4 supported by

the station.
#.3.3.2.1 b It shall be set to 000 on transmit.
#.3.3.2.1 c "If the station receives a burst in which the version number is non-zero, it shall validate

the CRC, compute the version number, inform the VSS user that a non-zero version
number has been received and ignore the rest of the burst."

#.3.3.2.2 Source address. NOTE 1
#.3.3.2.2 a The source address (s) of the transmitting station shall be encoded in the 27-bit field as

defined in Table 3-2.
#.3.3.2.2 b The address format shall be as described in Section 3.4.2.1.
#.3.3.2.3 Message ID. NOTE 1
#.3.3.2.3 a The message ID (mi) of the burst shall be encoded in the variable length field as defined

in Table 3-2.
#.3.3.2.3 b The first four bits of the burst message ID field shall be as defined in Table 3-3.
#.3.3.2.4 Information field NOTE 1
#.3.3.2.4 a The information field (in) shall contain VSS user defined data.
#.3.3.2.5 Reservation field.
#.3.3.2.5 a The reservation ID (r) of the burst shall be encoded in the 1-bit field as defined in Table

3-2.
#.3.3.2.5 b An r bit set to 1 shall indicate that the reservation type is either a null reservation (see

Section 3.3.10), a periodic broadcast reservation (see Section 3.3.11) or a combined
periodic broadcast and incremental broadcast reservation (see Section 3.3.13)

#.3.3.2.5 c Bits denoted x are not used by the extended reservation ID field and shall be available
for use within the reservation (rd) field.

#.3.3.3 VSS sublayer parameters. NOTE 1
#.3.3.3 a VSS service system parameters shall be as described in Table 3-5.
#.3.3.3.1 Parameter VS1 (number of ground quarantined slots). NOTE 1
#.3.3.3.1 a The parameter VS1 shall define the number of quarantined slots (see Section 3.3.6.4)

after a slot which has previously been reserved by a ground station using either a
periodic broadcast or a directed request reservation.

#.3.3.3.2 Parameter VS2 (minimum CCI performance). NOTE 1
#.3.3.3.2 a The parameter VS2 shall be used to control the CCI conditions by which a station may

transmit given that another station has reserved the same slot.
#.3.3.3.2 b In the case where a station X and Y transmit in the same slot and station Y’s

transmission is directed to another station Z, CCI conditions shall be fulfilled if the ratio
of the distance between Y and Z and the distance between X and Z is greater than VS

#.3.3.4 VSS quality of service parameters. NOTE 1
#.3.3.4 a Every burst or frame processed by the VSS sublayer for transmission shall be

associated with the parameters defined in Table 3-6 as well as the data to be
transmitted.
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#.3.3.4.1 Parameter Q1 (priority). NOTE 1
#.3.3.4.1 a The parameter Q1 shall be the priority of the transmission and shall be identical to the

mapping of priority for connectionless mode network protocol (CLNP) packets as defined
in the ATN manual.

#.3.3.4.2 Parameters Q2a to Q2d (slot selection range constraint for level n). NOTE 1
#.3.3.4.2 a The parameters Q2a to Q2d shall be used to impose range constraints on the slot

selection process for levels 1 to 4 defined by Table 3-7.
#.3.3.4.2 b The following conditions shall apply: Q2c<Q2a and Q2c<Q2b.
#.3.3.4.3 Parameter Q3 (replace queued data). NOTE 1
#.3.3.4.3 a The parameter Q3 shall be a Boolean switch that shall be used to control queuing of

repeated bursts and frames on a congested channel.
#.3.3.4.3 b If Q3=TRUE, then a new data field shall replace an queued data field of the same type.
#.3.3.4.3 c Otherwise, both the old and new data fields shall be transmitted.
#.3.3.4.4 Parameter Q4 (number of available slots). NOTE 1
#.3.3.4.4 a The parameter Q4 shall be used to control the number of slots added to the available

slot list during the slot selection process.
#.3.3.4.5 Parameters Q5 (VSS retransmission parameters). NOTE 1
#.3.3.4.5 a The parameters Q5min, Q5max, Q5mult and Q5exp shall control the retransmission of

bursts for which an expected response has not been received (see Section 3.3.9).
#.3.3.5 Received transmission processing. NOTE 1
#.3.3.5 a An unrecognisable data value in a reservation field shall cause the burst to be discarded

and the error to be logged.
#.3.3.5 b A station shall be capable of recognising and processing all possible reservation types

as defined in Section 3.3.1.1.
#.3.3.5 c The current slot for a burst shall be the slot in which the received transmission begins.
#.3.3.5 d The burst length (bl) shall be the number of slots across which the burst is transmitted.
#.3.3.6 Reserved access protocol specification. NOTE 1
#.3.3.6.1 Reservation table. NOTE 1
#.3.3.6.1 a A station shall maintain a table of reservations in the next 4*M1 slots.
#.3.3.6.1 b For each reserved slot, the reservation table entry shall consist of the 27-bit address of

the source, the 27-bit address of the destination and the type of reservation made.
#.3.3.6.1 c For periodic broadcast reservations (see Section 3.3.11) and directed request

reservations (see Section 3.3.16), the reservation table shall also include pointers to all
other reserved slots associated with the same reservation stream.

#.3.3.6.1 d The reservation table shall be updated before the end of the first slot after the end of the
burst.

#.3.3.6.1 e A station shall wait for at least M1 slots after starting to listen to a channel, before
starting to transmit or reserve slots unless directed to transmit by another station.

#.3.3.6.2 Selecting slots for transmission or reservation. NOTE 1
#.3.3.6.2 a A station shall select slots for transmission or for reservation for later transmissions

using the algorithm specified below.
#.3.3.6.2.1 Specification of candidate slots. NOTE 1
#.3.3.6.2.1 a The VSS user shall specify a range of candidate slots from which a slot shall be chosen.
#.3.3.6.2.2 Derivation of a list of available slots. NOTE 1
#.3.3.6.2.2 a A list of available slots shall be chosen from the candidate slots using the following

rules:
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#.3.3.6.2.2 b All unreserved slots shall be added to the list of available slots (shown as level 0 in
Table 3-7).

#.3.3.6.2.2 c If, having completed stage a), the number of available slots is less than Q4, further
available slots shall be selected from slots that have been previously reserved by other
stations.

#.3.3.6.2.2 d The station shall initially select from slots which obey conditions specified as level 1 in
Table 3-7 starting with slots reserved by the most distant station and proceed in
decreasing range order until Q4 available slots have been chosen.

#.3.3.6.2.2 e "If, having applied level 1 conditions, the number of available slots is still less than Q4,
slot selection shall continue using level 2 conditions. "

#.3.3.6.2.2 f The process shall continue using subsequent levels until Q4 slots have been selected or
until all levels have been applied.

#.3.3.6.2.2 g At each level, selection shall start with slots reserved by the most distant station and
proceed in decreasing range order.

#.3.3.6.2.2 h In Table 3-7, the following definitions and specifications shall apply:
#.3.3.6.2.3 Selection of slots from available slots. NOTE 1
#.3.3.6.2.3 a If, having completed the derivation of a list of available slots, the number of available

slots is zero, no slot shall be selected and the VSS user shall be informed that slot
selection was unsuccessful.

#.3.3.6.2.3 b If the number of available slots is greater than or equal to 1, a slot shall be chosen
uniformly from the list of available slots.

#.3.3.6.2.4 Selection of slots for burst lengths greater than 1. NOTE 1
#.3.3.6.2.4 a For burst lengths greater than 1, individual slots shall be added to the list of available

slots using the process specified in Section 3.3.6.2.2 until Q4 continuous blocks of
available slots, each of length equal to the burst length, have been selected.

#.3.3.6.2.4 b The procedure described in Section 3.3.6.2.3 shall then be used to select one of the
available blocks.

#.3.3.6.2.5 Limits on selection of reserved slots. NOTE 1
#.3.3.6.2.5 a A station, A, which has selected a slot, s, that was reserved by another station B, shall

not select another slot reserved by the same station within M1 - 1 slots after slot s.
#.3.3.6.3 Reserved transmissions. NOTE 1
#.3.3.6.3 a When a station has one or more frames or a burst to transmit for which it has a

reservation, it shall transmit the scheduled data in the reserved slots, except as noted
below.

#.3.3.6.3.1 High priority reservation pre-emption. NOTE 1
#.3.3.6.3.1 a If a station has a higher priority burst than the scheduled burst in the transmit queue,

then it shall [TBD].
#.3.3.6.3.2 Unavailable data. NOTE 1
#.3.3.6.3.2 a If a burst for which a slot was reserved is unavailable when it is time to transmit, that slot

shall be used for the highest priority pending burst in the transmit queue.
#.3.3.6.3.2 b If there are no other bursts pending, then the station shall not transmit.
#.3.3.6.4 Ground quarantine. NOTE 1
#.3.3.6.4 a A mobile station shall not reserve a slot or transmit in the VS1 slots after a slot which

has previously been reserved by a ground station using a periodic broadcast reservation
(see Section 3.3.11) or which is being reserved by a mobile using …

#.3.3.6.5 Reservation conflicts. NOTE 1
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#.3.3.6.5 a If a station receives a burst containing a reservation for a slot that it reserved, then it
shall delete its reservation, mark the slot reserved by the other station, and transmit its
burst using random access procedures (see Section 3.3.7) unless…

#.3.3.6.5 b If a station receives a burst containing a reservation for an already reserved slot, then it
shall maintain a list of all reservations for that slot.

#.3.3.7 Random access protocol specification. NOTE 1
#.3.3.7 a The station shall implement a non-adaptive p-persistent algorithm to equitably allow all

stations the opportunity to transmit while maximising system throughput, minimising
transit delays, and minimising collisions.

#.3.3.7.1 Random access parameters. NOTE 1
#.3.3.7.1.1 Timer TM1 (inter-access delay timer). NOTE 1
#.3.3.7.1.1 a Timer TM1 shall be set to the time (TM1) that a station will wait between attempts to

access the channel randomly.
#.3.3.7.1.1 b This timer shall be started if it is not already running and the channel is available after an

unsuccessful random access attempt.
#.3.3.7.1.1 c The timer shall be cancelled if the channel becomes unavailable.
#.3.3.7.1.1 d When the timer expires another random access attempt shall be made.
#.3.3.7.1.2 Timer TM2 (channel busy timer). NOTE 1
#.3.3.7.1.2 a Timer TM2 shall be set to the maximum time (TM2) that a sublayer shall wait after

receiving a request to transmit.
#.3.3.7.1.2 b This timer shall be started if it is not already running, when the VSS sublayer receives a

request for transmission.
#.3.3.7.1.2 c The timer shall be cancelled upon a successful access attempt.
#.3.3.7.1.2 d When the timer expires, the VSS user shall be informed that the channel is congested.
#.3.3.7.1.3 Parameter p (persistence). NOTE 1
#.3.3.7.1.3 a Parameter p (0 < p < 1) shall be the uniform probability that the station will transmit on

any random access attempt.
#.3.3.7.1.4 Counter VS3 (maximum number of access attempts). NOTE 1
#.3.3.7.1.4 a Counter VS3 shall be used to limit the maximum number of random access attempts

(VS3) that a station will make for any transmission request.
#.3.3.7.1.4 b This counter shall be cleared upon system initialisation, Timer TM2 expiring, or a

successful access attempt.
#.3.3.7.1.4 c The counter shall be incremented after every unsuccessful random access attempt.
#.3.3.7.1.4 d When the counter reaches the maximum number of random access attempts,

authorisation to transmit shall be granted as soon as the channel is available.
#.3.3.7.2 Random access procedures. NOTE 1
#.3.3.7.2 a When the VSS sublayer has one or more frames or bursts to transmit for which it does

not have a reservation, it shall use the p-persistent algorithm as defined in VDL SARPs
Mode 2, except that transmissions shall only begin …

#.3.3.7.2.1 Recommendation.
#.3.3.7.2.2 Recommendation.
#.3.3.7.2.3 Transmit queue management. NOTE 1
#.3.3.7.2.3 a There shall be a single queue for all random transmissions which do not have reserved

slots for transmission.
#.3.3.7.2.3 b This queue shall be sorted in priority order, with a higher value of Q1 being transmitted

before a lower value of Q1.
#.3.3.7.2.3 c If Q3 is TRUE, then the queue shall be searched to determine if a burst or frame of the

same type has been queued.
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#.3.3.8 Fixed transmission protocols. NOTE 1
#.3.3.8.1 Recommendation.
#.3.3.9 Retransmission procedures. NOTE 1
#.3.3.9 a After transmitting a burst containing a reservation for a peer station (i.e. unicasted

request reservation, directed request reservation, information transfer request
reservation) and not receiving a response by the expected slot, a station shall either
retransmit the request or inform the VSS user (if Q5num attempts have already been
made).

#.3.3.9 b The re-transmitting station shall wait for Q5min + min( U(x), Q5max) seconds before
attempting to retransmit the burst, where:

#.3.3.10 Null reservation protocol specification. NOTE 1
#.3.3.10.1 Null reservation burst format. NOTE 1
#.3.3.10.1 a A reservation ID (r) = 1 and a reservation field in accordance with Table 3-9 shall

indicate a null reservation.
#.3.3.10.1 b "In this case, the information field shall extend up to but excluding the last 10 bits prior to

the CRC."
#.3.3.10.1 c Bits denoted x are not used by the extended reservation ID field and shall be available

for use within the information field.
#.3.3.11 Periodic broadcast protocol specification. NOTE 1
#.3.3.11.1 Periodic broadcast reservation burst format. NOTE 1
#.3.3.11.1 a "A reservation ID (r) = 1 and a reservation field in accordance with Table 3-10 shall

indicate a periodic broadcast reservation In this case, the information field shall extend
up to but excluding the last 10 bits prior to the CRC. "

#.3.3.11.1 b Bits denoted x are not used by the extended reservation ID field and shall be available
for use within the information field.

#.3.3.11.1 c The subfields shall be as defined in Table 3-11.
#.3.3.11.1 d po shall identify a slot relative to the first slot of the transmission in a future superframe
#.3.3.11.1 e pt shall be the number of superframes in the future for which a reservation is being

made.
#.3.3.11.2 Periodic broadcast timers. NOTE 1
#.3.3.11.2.1 Timer TV11 (reservation hold timer). NOTE 1
#.3.3.11.2.1 a The timer TV11 shall control the number of successive superframes which will use the

same slot for transmission (see Section 3.3.11.5) before moving to a new slot.
#.3.3.11.2.1 b There shall be one TV11 timer for each slot used for periodic broadcasts.
#.3.3.11.3 Periodic broadcast parameters. NOTE 1
#.3.3.11.3 a The periodic broadcast protocol shall implement the system parameters defined in Table

3-12.
#.3.3.11.3 b The VSS user shall provide any of the parameters TV11min, TV11max, V11, V12 and

Quality of Service parameters (Q2a to Q2d,Q4 and Q5) for which the default values are
not desired.

#.3.3.11.3.1 Parameters TV11min and TV11max (reservation hold timer minimum and maximum
values).

NOTE 1

#.3.3.11.3.1 a Parameters TV11min and TV11max shall be used to determine the start value for the
TV11 timer.

#.3.3.11.3.2 Parameter V11 (nominal periodic rate). NOTE 1
#.3.3.11.3.2 a The parameter V11 shall be the number of times per superframe that a VSS user will

transmit a burst.
#.3.3.11.3.3 Parameter V12 (periodic dither range). NOTE 1
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#.3.3.11.3.3 a The parameter V12 shall define the range for candidate slots on either side of the
nominal slot (see Section 3.3.11.5.1) from which the station shall choose a slot or group
of slots to be reserved for transmission once the TV11 timer expires.

#.3.3.11.3.3 b V12 shall be specified as a fraction of the nominal periodic rate.
#.3.3.11.4 Periodic broadcast reception procedures. NOTE 1
#.3.3.11.4 a Upon receipt of a burst containing a periodic broadcast reservation, the actions defined

in Table 3-13 shall be carried out.
#.3.3.11.4 b All reservations associated with a single periodic broadcast reservation burst shall be

known as a stream.
#.3.3.11.4 j The actions defined in Table 3-13 shall cancel any previous reservations for the same

stream.
#.3.3.11.5 Periodic broadcast transmission procedures. NOTE 1
#.3.3.11.5.1 Selection of nominal slots. NOTE 1
#.3.3.11.5.1 a A VSS user shall select the nominal slot (n_slot) for each of one or more bursts by first

selecting a random number, k, uniformly chosen between 0 and M1-1.
#.3.3.11.5.1 b Then, it shall compute the nominal slot for the jth burst (j going from 1 to V11) as (k +

truncate((j-1) * M1 / V11)) modulo M1.
#.3.3.11.5.10 Early time-out conditions. NOTE 1
#.3.3.11.5.10 a A station detecting a conflicting reservation shall make a new reservation effective in the

same superframe in which the conflicting reservation is effective.
#.3.3.11.5.10 b If possible, the periodic time-out and offset to the new slot shall be transmitted prior to

switching slots; otherwise, the station shall transmit as a new user, using the random
access procedures (see Section 3.3.7).

#.3.3.11.5.2 Selection of slots for a periodic broadcast transmission. NOTE 1
#.3.3.11.5.2 a If there is no existing periodic reservation for the VSS user, the station shall select a

current transmission slot (ct_slot) corresponding to each nominal slot by inspection of
the reservation table data, using the following procedure:

#.3.3.11.5.2 b The station shall use the slot selection procedure specified in Section 3.3.6.2 using all
slots in the range (n_slot ± truncate((V12/2)*(M1/V11))) as candidate slots and the
parameter settings defined in Table 3-14:

#.3.3.11.5.2 c If slot selection is unsuccessful, the station shall re-apply the slot selection procedure
specified in Section 3.3.6.2, using VSS user supplied quality of service parameters, and
candidate slots in the range(n_slot ± truncate((V12/2)*(M1/V11))).

#.3.3.11.5.3 Calculation of slot availability. NOTE 1
#.3.3.11.5.3 a After selection of a new current transmission slot, the station shall compute the slot

availability (s_avail), indicating how many consecutive superframes are available until
the equivalent slot is reserved by another user.

#.3.3.11.5.3 b The value of s_avail shall indicate the slot (ct_slot + s_avail * M1) which is reserved by
another user and shall range from 1 (for a slot that is reserved in the next superframe) to
4 (for slots that currently have no reservation for at least 3 superframes)

#.3.3.11.5.3 c The calculation of s_avail shall use the following rules:
#.3.3.11.5.3 d if the current transmission slot has not been previously reserved, s_avail shall be the

number of superframes that are left before the equivalent slot is reserved;
#.3.3.11.5.3 e if the current transmission slot has been previously reserved by a station, s_avail shall

be the number of superframes that are left before the equivalent slot is reserved by a
different user.

#.3.3.11.5.4 Transmission in a new slot. NOTE 1



37

EUROCAE VDL Mode 4 Transceiver MOPS  Working DRAFT D

#.3.3.11.5.4 a If there is no prior reservation or if the station is using for the first time a slot for which
there has been a prior reservation, the station shall start the timer TV11 at a value equal
to s_avail, if s_avail = 1,2 or 3, and otherwise equal to a random

#.3.3.11.5.5 Transmission for TV11 greater than 3. NOTE 1
#.3.3.11.5.5 a If the TV11 timer is greater than 3, the station shall transmit a burst containing a periodic

broadcast reservation in the current transmission slot with po = 0 and pt = 3.
#.3.3.11.5.5 b If an incremental broadcast reservation is to be combined with the periodic broadcast

reservation, the value of the periodic offset subfield shall be set to the value of the
incremental offset field as described in Section 3.3.13.1.

#.3.3.11.5.5 c After transmission, the timer TV11 shall be decremented and the current transmission
slot set equal to ct_slot + M1.

#.3.3.11.5.6 Reservation of a new slot for TV11 equal to 1,2, or 3. NOTE 1
#.3.3.11.5.6 a If the TV11 timer is equal to 1,2 or 3 and if the VSS user requires that periodic broadcast

reservations are maintained after the current transmission slot reservation expires, the
station shall reserve a future transmission slot (ft_slot) for subsequent

#.3.3.11.5.6 b If a future transmission slot has already been selected, there shall be no further slot
selection.

#.3.3.11.5.6 c Otherwise, selection of ft_slot shall be carried out using the procedure set out in Section
3.3.11.5.2 using all slots in the range (n_slot + TV11*M1 ± truncate((V12/2)*(M1/V11)))
except slot (ct_slot + TV11*M1) as candidate slots.

#.3.3.11.5.7 Transmission for TV11 equal to 1, 2 or 3. NOTE 1
#.3.3.11.5.7 a If the TV11 timer is equal to 1,2 or 3 the station shall transmit a burst containing a

periodic broadcast reservation in the current transmission slot with po = (ft_slot - ct_slot)
and pt = TV11-1.

#.3.3.11.5.7 b If a future transmission slot has not been selected and the VSS user does not require
the reservation to be maintained, the value of the po shall be set to 0.

#.3.3.11.5.7 c If a future transmission slot has not been selected and the VSS user does require the
reservation to be maintained, the value of the po shall be set to -128.

#.3.3.11.5.7 d After transmission, the timer TV11 shall be decremented and the current transmission
slot set equal to ct_slot + M1.

#.3.3.11.5.8 TV11 equal to 0. NOTE 1
#.3.3.11.5.8 a If the TV11 timer is equal to 0, and the VSS user requires a reservation to be

maintained, then if a new slot has not been selected for further periodic broadcasts, the
station shall select a new current transmission slot using the procedures set out …

#.3.3.11.5.8 b If a new slot has been selected for further periodic broadcasts, the station shall set the
current transmission slot equal to the future transmission slot.

#.3.3.11.5.8 c The station shall start to transmit in the new current transmission slot carrying out the
procedures set out in Sections 3.3.11.5.3 to 3.3.11.5.8.

#.3.3.11.5.8 d If the VSS user does not require a reservation to be maintained, no further action shall
be taken.

#.3.3.11.5.9 Reservation cancellation. NOTE 1
#.3.3.11.5.9 a If a VSS user stops transmitting periodic broadcast bursts whilst slots are still reserved

for its use, the station shall transmit a periodic broadcast reservation burst with po = -
128 and pt = 0 in the next reserved slot and the timer TV11 shall be cleared

#.3.3.12 Incremental broadcast protocol specification. NOTE 1
#.3.3.12.1 Incremental broadcast reservation burst format. NOTE 1
#.3.3.12.1 a A reservation ID (r) = 0 with extended reservation ID and reservation fields set in

accordance with Table 3-15 shall indicate an incremental broadcast reservation.
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#.3.3.12.1 b In this case, the information field shall extend up to but excluding the last 10 bits prior to
the CRC.

#.3.3.12.1 c Bits denoted x are not used by the extended reservation ID field and shall be available
for use within the information field.

#.3.3.12.1 d The subfields shall be as defined in Table 3-16.
#.3.3.12.1 e io shall identify a slot relative to the first slot of the transmission
#.3.3.12.2 Incremental broadcast parameters. NOTE 1
#.3.3.12.2 a The incremental broadcast protocol shall implement the system parameters defined in

Table 3-17.
#.3.3.12.2 b The VSS user shall provide any of the parameters V21, V22 and Quality of Service

parameters (Q2a to Q2d,Q4 and Q5) for which the default values are not desired.
#.3.3.12.2.1 Parameter V21 (nominal incremental period). NOTE 1
#.3.3.12.2.1 a The parameter V21 shall be the nominal time after the first slot of the incremental

broadcast transmission that a VSS user will transmit a burst.
#.3.3.12.2.2 Parameter V22 (maximum incremental dither range). NOTE 1
#.3.3.12.2.2 a The parameter V22 shall define the range for candidate slots on either side of the

nominal slot from which the station shall choose a slot or group of slots to be reserved
for transmission.

#.3.3.12.2.2 b V22 shall be specified as a fraction of the nominal incremental period.
#.3.3.12.3 Incremental broadcast reception procedures. NOTE 1
#.3.3.12.3 a "Upon receipt of a burst containing an incremental broadcast reservation, a station shall

reserve the slot equal to (8 * io) through (bl - 1 + 8 * io) after the first slot of the received
burst for the source to broadcast."

#.3.3.12.3 b A burst containing an incremental broadcast reservation with io = 0 shall be ignored by a
station and no reservation placed.

#.3.3.12.4 Incremental broadcast transmission procedures. NOTE 1
#.3.3.12.4.1 Selection of the transmission slot for the incremental broadcast reservation. NOTE 1
#.3.3.12.4.1 a If no slot or, if bl is greater than 1, no group of consecutive slots, has been reserved for

transmission of an incremental reservation, to be known as the transmission slot (t_slot),
and if the incremental reservation is not to be combined with a periodic broadcast…

#.3.3.12.4.2 Selection of the reserved slot for the incremental broadcast reservation. NOTE 1
#.3.3.12.4.2 a The nominal slot (n_slot) shall be V21*M1/60 through V21*M1/60 + bl - 1 after the start

of the transmission slot.
#.3.3.12.4.2 b The station shall choose a reserved slot (r_slot) using the slot selection procedure

specified in 3.3.6.2, using VSS user supplied quality of service parameters, and
candidate slots in the range (n_slot ± V22 * V21*M1/6000) which are an exact modulo 8
…

#.3.3.12.4.3 Incremental broadcast burst transmission. NOTE 1
#.3.3.12.4.3 a The station shall transmit an incremental broadcast burst in the transmission slot with

the io set to (r_slot - t_slot)/8.
#.3.3.13 Combined periodic broadcast and incremental broadcast protocol specification. NOTE 1
#.3.3.13.1 Combined periodic broadcast and incremental broadcast reservation burst. NOTE 1
#.3.3.13.1 a A reservation ID (r) = 1 and a reservation field in accordance with Table 3-18 shall

indicate a combined periodic broadcast and incremental broadcast reservation.
#.3.3.13.1 b In this case, the information field shall extend up to but excluding the last 10 bits prior to

the CRC.
#.3.3.13.1 c The periodic time-out subfield (pt) shall be set to 3.
#.3.3.13.1 d The incremental offset subfield (io) shall as defined in Section 3.3.12.1..
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#.3.3.13.1 e Bits denoted x are not used by the extended reservation ID field and shall be available
for use within the information field.

#.3.3.13.1 f All other parameters and procedures shall be as specified in Sections 3.3.11 and 3.3.12.
#.3.3.14 Unicasted request protocol specification. NOTE 1
#.3.3.14.1 Unicasted request reservation burst format. NOTE 1
#.3.3.14.1 a A reservation ID (r) = 0 with an extended reservation ID and reservation fields set in

accordance with Table 3-19 shall indicate a unicasted request reservation.
#.3.3.14.1 b In this case, the information field shall extend up to but excluding the last seven octets

prior to the CRC.
#.3.3.14.1 c The subfields shall be as defined in Table 3-20.
#.3.3.14.2 Unicasted request parameters. NOTE 1
#.3.3.14.2 a The unicasted request protocol shall implement the system parameters as defined in

Table 3-21.
#.3.3.14.2 b The VSS user shall provide any of the parameters V31, V32, V33, and Quality of

Service parameters (Q2a to Q2d,Q4 and Q5) for which the default values are not
desired.

#.3.3.14.2.1 Parameter V31 (response bursts). NOTE 1
#.3.3.14.2.1 a Parameter V31 shall be the list of response bursts that may acknowledge the request

burst.
#.3.3.14.2.2 Parameter V32 (minimum response delay). NOTE 1
#.3.3.14.2.2 a Parameter V32 shall be the minimum number of slots that a station will provide to a

responder in order to ensure that the responder can generate the response before its
reserved slot.

#.3.3.14.2.2 b V32*60/M1 is the maximum time that a station shall require to generate a response to
the request.

#.3.3.14.2.3 Parameter V33 (maximum response delay). NOTE 1
#.3.3.14.2.3 a Parameter V33 shall be the maximum number of slots that a station will provide to a

responder in order to ensure timely delivery in case a retransmission is required.
#.3.3.14.2.4 Parameter V34 (source/destination control). NOTE 1
#.3.3.14.2.4 a Parameter V34 shall control whether the unicasted reservation protocol is used to

reserve a slot for the destination station to transmit a response to the source (V34 = 0)
or for the source station to transmit a response to the destination (V34 = 1).

#.3.3.14.3 Unicasted request reception procedures. NOTE 1
#.3.3.14.3 a Upon receipt of a burst containing a unicasted request reservation, a station shall

reserve on the specified frequency the slot equal to (1 + ro) after the first slot of the
received burst for the destination to transmit a response to the source …

#.3.3.14.3 b If the frequency (f) subfield = 0, then the reservation shall be made on the same
frequency as the received burst.

#.3.3.14.4 Unicasted request transmission procedures. NOTE 1
#.3.3.14.4.1 Selection of the transmission slot for the unicasted request reservation. NOTE 1
#.3.3.14.4.1 a "If no slot has been reserved for transmission of a unicasted reservation, to be known as

the transmission slot (t_slot), the station shall select a slot using the random access
procedures (see Section 3.3.7). "

#.3.3.14.4.2 Selection of the reserved slot for the response. NOTE 1
#.3.3.14.4.2 a The reserved slot (r_slot) for the response shall be selected using the slot selection

procedure specified in Section 3.3.6.2, using VSS user supplied quality of service
parameters, and candidate slots in the range V32 to V33 after the transmitted burst.
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#.3.3.14.4.2 b If the slot selection procedure is unsuccessful, then the reserved slot shall be selected
using the slot selection procedure specified in Section 3.3.6.2, using VSS user supplied
quality of service parameters, and candidate slots in the range V33 to 2048

#.3.3.14.4.3 Unicasted request burst transmission. NOTE 1
#.3.3.14.4.3 a A station sending a unicasted request burst to its peer shall include the unicasted

request reservation field.
#.3.3.14.4.3 b It shall set the destination (d) subfield to the destination of the burst, the response offset

(ro) subfield to a value of (r_slot - t_slot -1), the source/destination flag (sdf) to V34 and
the frequency (f) subfield to the channel …

#.3.3.14.4.4 Retransmission after no response. NOTE 1
#.3.3.14.4.4 a If a response burst in the V31 list is not received by the reserved response slot, then the

station shall retransmit the unicasted burst according to the procedures of Section 3.3.9.
#.3.3.15 Information transfer request protocol specification. NOTE 1
#.3.3.15.1 Information transfer request reservation burst format. NOTE 1
#.3.3.15.1 a A reservation ID (r) = 0 with extended reservation ID and reservation fields set in

accordance with Table 3-22 shall indicate an information transfer request reservation.
#.3.3.15.1 b In this case, the information field shall extend up to but excluding the last nine octets

prior to the CRC.
#.3.3.15.1 c The subfields shall be as defined in Table 3-23.
#.3.3.15.2 Information transfer request parameters. NOTE 1
#.3.3.15.2 a The information transfer request protocol shall implement the system parameters

defined in Table 3-24.
#.3.3.15.2 b "The VSS user shall provide any of the parameters V41, V42, V43, V44, V45, V46 and

Quality of Service parameters (Q2a to Q2d,Q4 and Q5) for which the default values are
not desired."

#.3.3.15.2.1 Parameter V41 (response bursts). NOTE 1
#.3.3.15.2.1 a Parameter V41 shall be the list of information transfer bursts that may acknowledge the

information transfer request burst.
#.3.3.15.2.2 Parameter V42 (length of information transfer). NOTE 1
#.3.3.15.2.2 a Parameter V42 shall be the number of slots required for information transfer.
#.3.3.15.2.3 Parameter V43 (minimum information transfer delay). NOTE 1
#.3.3.15.2.3 a Parameter V43 shall be the minimum number of slots that a station will provide to a

responder in order to ensure that the responder can generate the required information
for transfer before its reserved slots.

#.3.3.15.2.3 b V43*60/M1 is the maximum time that a station shall require to generate a response to
the request.

#.3.3.15.2.4 Parameter V44 (maximum information transfer delay). NOTE 1
#.3.3.15.2.4 a Parameter V44 shall be the maximum number of slots that a station will provide to a

responder in order to ensure timely delivery in case a retransmission is required.
#.3.3.15.2.5 Parameter V45 (minimum response delay). NOTE 1
#.3.3.15.2.5 a Parameter V45 shall be the minimum number of slots after the information transfer that

the requesting station will require in order to generate an acknowledgement to the
information transfer in order to ensure that the requesting station can generate the

#.3.3.15.2.5 b V45*60/M1 is the maximum time that a station shall require to generate an
acknowledgement to the information transfer.

#.3.3.15.2.6 Parameter V46 (maximum response delay). NOTE 1
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#.3.3.15.2.6 a Parameter V46 shall be the maximum number of slots after the information transfer that
the requesting station will require in order to ensure timely delivery of the
acknowledgement in case a retransmission is required.

#.3.3.15.3 Information transfer request reception procedures. NOTE 1
#.3.3.15.3 a Upon receipt of a burst containing an information transfer request reservation, a station

shall reserve on the specified frequency all of the slots from (1 + ro) through (1 + ro + lg)
after the first slot of the received burst for the destination …

#.3.3.15.3 b Also, the slot equal to (2+ ro + lg + ao) after the first slot of the received burst shall be
reserved for the source to transmit an acknowledgement to the destination.

#.3.3.15.4 Information transfer request transmission procedures. NOTE 1
#.3.3.15.4.1 Selection of the transmission slot for the information transfer request reservation. NOTE 1
#.3.3.15.4.1 a If no slot has been reserved for transmission of an information transfer request

reservation, to be known as the transmission slot (t_slot), the station shall select a slot
using the random access procedures (see Section 3.3.7).

#.3.3.15.4.2 Selection of the reserved slots for the response. NOTE 1
#.3.3.15.4.2 a A block of slots of length V42 to be reserved for the response shall be selected using the

slot selection procedure specified in Section 3.3.6.2, using VSS user supplied quality of
service parameters, and candidate slots in the range V43 to V44 after …

#.3.3.15.4.2 b The first slot in the block of slots reserved for the response shall be referred to as r_slot.
#.3.3.15.4.3 Selection of the reserved slot for the acknowledgement. NOTE 1
#.3.3.15.4.3 a The acknowledgement slot (a_slot) shall be selected using the slot selection procedure

specified in Section 3.3.6.2, using VSS user supplied quality of service parameters, and
candidate slots in the range V45 to V46 after the end of the slots reserved …

#.3.3.15.4.4 Information transfer request burst transmission. NOTE 1
#.3.3.15.4.4 a A station sending an information transfer request burst to its peer shall include the

information transfer request reservation field.
#.3.3.15.4.4 b It shall set the destination (d) subfield to the destination of the burst, the response offset

(ro) subfield to a value of (r_slot - t_slot -1), the length (lg) subfield equal to (V42-1), the
frequency (f) subfield set to the channel on which information …

#.3.3.15.4.5 Retransmission after no response. NOTE 1
#.3.3.15.4.5 a If a response burst in the V41 list is not received by the reserved information transfer

slots, then the station shall retransmit the information transfer burst according to the
procedures of Section 3.3.9.

#.3.3.15.5 Information transfer request acknowledgement procedures. NOTE 1
#.3.3.15.5 a The acknowledgement shall be on the same frequency as the information transfer

reservation burst that was used to reserve a slot for the acknowledgement.
#.3.3.16 Directed request protocol specification. NOTE 1
#.3.3.16.1 Directed request reservation burst format. NOTE 1
#.3.3.16.1 a A reservation ID (r) = 0 with extended reservation ID and reservation fields set in

accordance with Table 3-25 shall indicate a directed request reservation.
#.3.3.16.1 b In this case, the information field shall extend up to but excluding the last ten octets prior

to the CRC.
#.3.3.16.1 c The subfields shall be as defined in Table 3-26.
#.3.3.16.2 Directed request parameters. NOTE 1
#.3.3.16.2 a The directed request protocol shall implement the system parameters defined in Table

3-27.
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#.3.3.16.2 b The VSS user shall provide any of the parameters V51 and V52 for which the default
values are not desired and Quality of Service parameters (Q2a to Q2d,Q4 and Q5) for
which the default values are not desired

#.3.3.16.2.1 Parameter V51 (response bursts). NOTE 1
#.3.3.16.2.1 a Parameter V51 shall be the list of response bursts that may acknowledge the request

burst.
#.3.3.16.2.2 Parameter V52 (minimum response delay). NOTE 1
#.3.3.16.2.2 a Parameter V52 shall be the minimum time that a station will provide to a responder in

order to ensure timely delivery in case a retransmission is required.
#.3.3.16.3 Directed request reception procedures. NOTE 1
#.3.3.16.3 a Upon receipt of a burst containing a directed request reservation and do equal to a value

between 2 and M1-1, a station shall reserve the series of slots rk.
#.3.3.16.3 b If dt equals 15, then for k equal to 0 to dr - 1, the slots equal to truncate (do + (k * M1 /

dr)) slots after the first slot of the received burst shall be reserved for the destination to
broadcast; otherwise …

#.3.3.16.3 c If frequency b is ignored, then all of the slots shall be reserved on frequency a;
otherwise, the slots computed for even k shall be reserved on frequency a and the slots
computed for odd k shall be reserved on frequency b.

#.3.3.16.3 d If the override (or) flag is set to 1, the station shall cancel all previously placed directed
request reservations made by the same station on frequencies fa and fb.

#.3.3.16.3 e The burst is invalid, and shall be discarded, if any of the following is true: both frequency
subfields are equal to hex 000, the frequency subfield indicates a frequency for which
the transmitter cannot transmit, the directed rate (dr) subfield is equal

#.3.3.16.4 Directed request transmission procedures. NOTE 1
#.3.3.16.4.1 Recommendation.
#.3.3.16.4.2 Transmission of directed request burst. NOTE 1
#.3.3.16.4.2 a A station sending a directed request burst to its peer shall include the directed request

reservation field.
#.3.3.16.4.2 b It shall set the destination (d) subfield to the destination of the burst, the frequency (fa,

fb) subfield(s) to the frequency (or frequencies) on which the responder shall transmit,
the directed offset (do) subfield to the offset from the first slot …

#.3.3.16.4.2 c The value of the directed offset (do) subfield shall be greater than V52.
#.3.3.16.4.3 Retransmission after no response. NOTE 1
#.3.3.16.4.3 a If a response burst in the V51 list is not received in the first directed slot after the

directed request burst was transmitted, then the station shall retransmit the directed
request burst according to the procedures of Section 3.3.9.

#.3.3.16.4.4 Cancellation of directed request reservation. NOTE 1
#.3.3.16.4.4 a A station shall cancel a directed request reservation by transmitting a directed request

reservation field with the directed time-out subfield set to 15.
#.3.3.16.4.4 b It shall set the destination subfield to the destination of the burst, the frequency

subfield(s) to the frequency (or frequencies) on which the responder has previously been
directed to broadcast, the directed offset (do) to the offset from the first slot…

#.3.3.16.5 Directed request response procedures. NOTE 1
#.3.3.16.5.1 Response transmission. NOTE 1
#.3.3.16.5.1 a On receipt of a directed request transmission, the responder station indicated by the

destination address shall set the TV11 timer (see Section 3.3.11.2.1) equal to the value
of the directed time-out (to) subfield for each of the slots indicated in the di

#.3.3.16.5.1 b The responder station shall transmit in each of the reserved slots.
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#.3.3.16.5.1 c Each response burst shall contain the periodic broadcast reservation field with the
periodic offset (po) subfield set to 0 and the periodic time-out (pt) subfield set to min(3,
TV11-1).

#.3.3.16.5.1 d After transmission, the timer TV11 shall be decremented.
#.3.3.16.5.1 e If TV11 is equal to zero, the responder shall not transmit.
#.3.3.16.5.2 Response if directed offset subfield = 0. NOTE 1
#.3.3.16.5.2 a If the directed offset subfield is equal to 0, the responder station shall operate

autonomously using the periodic broadcast procedures with the nominal periodic rate
(V11) set to the directed rate (dr) subfield in the directed request transmission for th

#.3.3.16.5.3 Cancellation of autonomous periodic broadcasts. NOTE 1
#.3.3.16.5.3 a If the responder was transmitting autonomously the VSS user data for which a directed

request reservation was received, then it shall transmit a periodic broadcast reservation
burst with the periodic offset (po) subfield set to -128 and the periodic time-

#.3.3.16.5.4 Cancellation of directed request broadcasts. NOTE 1
#.3.3.16.5.4 a If the responder receives a directed request reservation burst with the directed time-out

subfield set to 15, then, for k equal to 0 to dr, it shall a transmit periodic broadcast
reservation burst with the periodic offset (po) subfield set to –128 and…

#.3.3.17 Response protocol specification. NOTE 1
#.3.3.17.1 Response burst format. NOTE 1
#.3.3.17.1 a A reservation ID (r) = 0 with extended reservation ID and reservation fields set in

accordance with Table 3-28 shall indicate a response burst.
#.3.3.17.1 b In this case, the information field shall extend up to but excluding the last four octets

prior to the CRC.
#.3.3.17.1 c The destination subfield (d) shall be the 27-bit address of the destination station (for

which the response is addressed).
#.3.3.17.1 d No reservation shall be made as a result of receiving a response burst
#.3.3.18 General request protocol specification. NOTE 1
#.3.3.18.1 General request burst format. NOTE 1
#.3.3.18.1 a To request a peer station to transmit a particular burst, a station shall send the burst

described in Table 3-29 to the desired destination station.
#.3.3.18.1 b The station shall transmit zeros in all undefined bits (that is, those not defined in Table

3-29, in the relevant reservation field, or in a VSS user-specific parameter field) and
shall ignore those bits on receipt.

#.3.3.18.1 c The values of the subfields shall be computed as defined in Table 3-30.
#.3.3.18.1 d All reserved bits (res) shall be set to zero in the transmitter and ignored in the receiver.
#.3.3.18.2 General request procedures. NOTE 1
#.3.3.18.2.1 Requester action. NOTE 1
#.3.3.18.2.1 a For an VSS user to request that a peer VSS user transmit (either broadcast or unicasted

request response) certain information, the VSS user shall transmit a general request
burst with the requested ID (r-mi) field set to the desired response.

#.3.3.18.2.1 b The unicasted request reservation field shall be used if a single response is required
from a single station.

#.3.3.18.2.1 c The directed request reservation field shall be used if multiple responses are required
from a single station.

#.3.3.18.2.1 d The addressed station shall respond using the appropriate procedures.
#.3.3.18.2.2 Responder action. NOTE 1
#.3.3.18.2.2 a The addressed responder(s) shall respond in the indicated slots with the requested

burst.
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#.3.3.18.2.3 Exceptional cases. NOTE 1
#.3.3.18.2.3 a If the requested function is not supported, the responder shall send a General Failure

burst (see Section 3.3.19)with the ok bit set to 0, the requested ID (r-mi) field set to the
requested VSS user, the backoff delay (bd) set to hex FFFF, and the error…

#.3.3.18.2.3 b If the requested function is supported, but there has been no response in time for
transmission in the reserved slot, then the responder shall transmit a General Failure
burst with the ok bit set to 0, the requested ID and extended ID fields set…

#.3.3.18.2.3 c (Ground stations shall use hex 7E to indicate that mobile stations might get a quicker
response via a different ground station.)

#.3.3.18.2.3 d Should the response then arrive after the no response burst was transmitted but before
the request is retransmitted (and thus a reserved slot is available), the responder shall
transmit the response in the reserved slot (see Section 3.3.7).

#.3.3.18.2.3 e A ground station not capable of responding because of network problems shall use the
error type of either hex 03 if no response can be expected in the near future or hex 04 if
a response can be expected but will be delayed.

#.3.3.19 General response protocol specification. NOTE 1
#.3.3.19.1 General response burst format. NOTE 1
#.3.3.19.1 a A station shall transmit a general response burst (either a General Failure or General

Confirm) as defined in Table 3-31 with the parameters defined in Table 3-32 in response
to a request from another station.

#.3.3.19.1 b The requested message ID (r-mi) shall indicate the identity of the message to which a
response is being generated.

#.3.3.19.1 c The general response burst shall include the following reservation fields: unicasted
request reservation, information transfer request or response.

#.3.3.19.1 d The destination subfield contained in the reservation field shall indicate which VSS user
is being responded to.

#.3.3.19.1 e If the ok bit is set to 1 (i.e. a General Confirm), then the remaining parameters shall be
set to 0 on transmit and shall be ignored on receipt.

#.3.3.19.1 f If the ok bit is set to 0 (i.e. a General Failure), then the remaining parameters shall
define the reason why the request failed.

#.3.3.19.1 g Error type (err) shall be encoded in accordance with Table 3-33; error types hex 00 to
hex 7F shall apply to the responding station; error types hex 80 to hex FF shall apply to
the responding system.

#.3.3.19.1 h A VSS user receiving a General Failure with an error type less than hex 80 shall not
transmit another request to that peer station for the duration of time designated by the
backoff delay (bd) subfield (in seconds).

#.3.3.19.1 i A VSS user receiving a General Failure with an error type greater than hex 7F shall not
transmit another request to that peer system for the duration of time designated by the
backoff delay (bd) subfield (in seconds).

#.3.3.19.2 General response procedures. NOTE 1
#.3.3.19.2 a If a reservation has been placed for a response or acknowledgement but the VSS

sublayer has not received the response or acknowledgement from the VSS user in time
for the scheduled reservation, the station shall send a General Failure (with cause code
7E

#.3.4 DLS sublayer. NOTE 1
#.3.4 a The DLS shall support bit-oriented simplex air/ground (A/G) communications using the

aviation VHF link control (AVLC) protocol specified in this section.
#.3.4.1 Services. NOTE 1
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#.3.4.1 a The DLS services for AVLC shall conform to the VDL SARPs Mode 2 Section 3.3.1 and
shall support unicasted connectionless services …

#.3.4.2 AVLC DLS protocol specification. NOTE 1
#.3.4.2 a AVLC frames shall conform to the VDL SARPs Mode 2 Section 3.3.2 except as modified

in Section 3.4.2.1.
#.3.4.2 b A station shall also implement the VDL Mode 4 specific DLS burst formats described

below.
#.3.4.2.1 DLS address encoding. NOTE 1
#.3.4.2.1.1 Address type. NOTE 1
#.3.4.2.1.2 Non-unique identity address. NOTE 1
#.3.4.2.1.2 a A mobile station using the non-unique identity address shall randomly choose a 24-bit

address.
#.3.4.2.1.2 b The non-unique identity address of all zeros shall not be used and shall be reserved for

future use.
#.3.4.2.1.2 c The non-unique identity address of all ones shall not be used and shall be used for

broadcast.
#.3.4.2.1.2 d All radio units located at a station shall use the same non-unique identity address.
#.3.4.2.1.2 e If the station detects that another station is using the same random address, it shall stop

transmitting on the current address; it shall then randomly select a new address and, if it
is the most easterly station, it shall add one to this address.

#.3.4.2.1.2 f It shall use this new address in all subsequent transmissions.
#.3.4.2.1.3 Broadcast address encoding. NOTE 1
#.3.4.2.1.3 a The broadcast addresses shall be encoded as in VDL SARPs Mode 2 Table 3-3 except:
#.3.4.2.1.3 b the broadcast destination of all mobiles that use non-unique identity addresses shall be

encoded as type field = 000 binary and specific address field = all ones; and,
#.3.4.2.1.3 c the broadcast destination of type field = 001 binary and specific address field = all ones

shall apply to all mobiles.
#.3.4.2.1.4 Other address types. NOTE 1
#.3.4.2.1.4 a Other address types shall conform to VDL SARPs Mode 2 Sections 3.3.2.3.5 to

3.3.2.3.7 and Section 3.3.2.4.
#.3.4.2.2 DLS-related burst formats. NOTE 1
#.3.4.2.2 a DLS-related bursts shall be encoded using the burst format defined in Section 3.3.2 with

the information field content as defined below.
#.3.4.2.2.1 Request to send burst. NOTE 1
#.3.4.2.2.1 a A DLS station shall transmit the request to send (RTS) burst defined in Table 3-35 with

VSS user supplied QoS and reservation parameters to make a request to send
information over a point-to-point connection.

#.3.4.2.2.1 b The N(s) field (nsf) shall declare the sequence number of the information (INFO) frames
needing to be transmitted to the destination.

#.3.4.2.2.1 c Bit nsfj shall be set to 1 if N(s)=j needs to be transmitted.
#.3.4.2.2.1 d The station shall be able to request the transfer of up to four INFO frames.
#.3.4.2.2.1 e The four sets of priority/length (pa-d /lga-d) fields shall be assigned to INFO frames in

the order in which they need to be transmitted.
#.3.4.2.2.1 f The ‘d’ field shall only be used if 4 bits in the N(s) field are set to 1 (otherwise it shall be

set to all zeros); the ‘c’ field shall only be used if at least 3 bits in the N(s) field are set to
1; etc.

#.3.4.2.2.1 g The priority field shall be set to the priority of the INFO frame/2.
#.3.4.2.2.1 h The length field shall be set to min((31 + length of frame in octets) / 32, 32) - 1.
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#.3.4.2.2.1 i The extra information field (in) shall be used to indicate that there are further INFO
frames to be sent, in which case it shall be set to zero; or, it shall be used to indicate
that the station is requesting to send extra frames, in which case …

#.3.4.2.2.1 j This data to be sent shall either be a unicasted exchange identity (XID) frame, an
unnumbered INFO (UI) frame, broadcast frames, or even frames to other stations.

#.3.4.2.2.1 k The priority field, pe, shall be set to the highest priority of any frame in the transmit
queue consisting of any outstanding INFO frames to the destination address included in
the RTS burst reservation field, if the station has more than 4 frames to send…

#.3.4.2.2.2 Compressed frame burst. NOTE 1
#.3.4.2.2.2 a A DLS station shall transmit the compressed frame burst defined in Table 3-36 with the

VSS user supplied QoS and reservation parameters.
#.3.4.2.2.2 b The command/response (c/r) status bit, link control field and the information field shall

be defined and encoded as per the VDL SARPs Mode 2 Sections 3.3.2.1, 3.3.2.5 and
3.3.2.6 respectively.

#.3.4.2.2.2 c The air/ground status (VDL SARPs Mode 2 Section 3.3.2.3.1) shall be derived from the
altitude field of the synchronisation burst message (see Section 3.5.2).

#.3.4.2.2.2 d The compressed frame burst shall include any reservation field except the response
reservation field in which case the frame format as defined in VDL SARPs Mode 2 shall
be used.

#.3.4.3 DLS parameters. NOTE 1
#.3.4.3 a The DLS sublayer timers and parameters shall conform to the VDL SARPs Mode 2

Section 3.3.3, except that Table 3-37 below shall define the DLS system parameter
default values and N3 shall be as defined in Table 3-38.

#.3.4.3.1 Parameter N3 (maximum length of DLS transmission). NOTE 1
#.3.4.3.1 a The parameter N3 shall be the maximum total length of the frames queued for

transmission on the transmit queue that can be transferred using the short transmission
procedures (see Section 3.4.4.2).

#.3.4.4 DLS procedures. NOTE 1
#.3.4.4 a DLS procedures shall conform to VDL SARPs Mode 2 Sections 3.3.4 to 3.3.10 except

as noted below.
#.3.4.4.1 Setting of retransmission parameters. NOTE 1
#.3.4.4.1 a For all DLS related bursts, quality of service parameters Q5min, Q5max, Q5mult, Q5exp

and Q5num shall be set to T1min, T1max, T1mult, T1exp and N2 respectively.
#.3.4.4.2 Short transmission procedures. NOTE 1
#.3.4.4.2 a If, after the MAC layer authorises a random transmission, the transmit queue contains

less than N3 octets of queued data, then the station shall transmit one or more
Compressed Frame bursts containing the frames queued for transmission with QoS
parameters

#.3.4.4.2 b At least one burst for any destination shall contain a unicasted request reservation field
(any other bursts shall contain a response reservation field) with the parameters in Table
3-39.

#.3.4.4.2 c If a response is not received from the peer, the station shall retransmit the unicasted
request according to the procedures of Section 3.3.9.

#.3.4.4.2.1 Recommendation.
#.3.4.4.3 Long transmissions procedures. NOTE 1
#.3.4.4.3.1 Request to send. NOTE 1
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#.3.4.4.3.1 a If, after the MAC layer authorises a random transmission, the transmit queue contains
N3 octets or more of queued data, then the station shall transmit one RTS burst to each
unique destination in the transmit queue with QoS parameters as defined in Table 3.40,
each containing a unicasted request reservation field…

#.3.4.4.3.1 b If a response is not received, the station shall retransmit the unicasted request
according to the procedures of Section 3.3.14.

#.3.4.4.3.2 Recommendation.
#.3.4.4.3.3 Response to RTS. NOTE 1
#.3.4.4.3.3 a If the responder does not support the DLS, then it shall transmit a General Failure with

an error type of 80 hex, with the QoS parameters as defined in Table 3-41.
#.3.4.4.3.3 b If the length subfield for frame a (lga) in the RTS is not equal to zero then the following

procedures shall apply: If the responder does not have a link with the sender, then the
responder shall send a disconnected mode (DM) response.

#.3.4.4.3.3 c If the RTS contains a priotocol error (e.g. one of the listed N(s)’s is illegal), then the
responder shall transmit a frame reject (FRMR).

#.3.4.4.3.3 d Otherwise, the responder shall determine whether the entire RTS can be
accommodated within a single information transfer of length equal to the sum of l_x for x
= a, b, c, d, e or whether only a subset of the request can be reserved.

#.3.4.4.3.3 e It shall then transmit a supervisory response frame (i.e. an RR or SREJ) in a
compressed frame burst.

#.3.4.4.3.3 f If all of the INFO frames in the RTS are being acknowledged and there is no outstanding
extra information frame to be sent, then the response reservation field shall be included.

#.3.4.4.3.3 g Otherwise, an information request reservation field shall be included and transmitted
with the parameters in Table 3-42…

#.3.4.4.3.3 h If the length subfield for frame a (lga) in the RTS is equal to zero then the responder
shall transmit a General Confirm with id = RTS including an information transfer
reservation field with lg set equal to the total length …

#.3.4.4.3.3 i If the channel is too busy (either the responder cannot find a sufficiently large series of
contiguous slots or the priority is too low for the channel utilisation), then the responder
shall transmit either a General Confirm …

#.3.4.4.3.3 j A station receiving a burst addressed to it with an information request reservation field
shall first determine what frames have been acknowledged, and then transmit as many
frames as can fit in the allocated reservation.

#.3.4.4.3.3 k If the priority of any frames identified in field ‘e’ is higher than the priority of all frames
identified in frames ‘a’, b’, ‘c’, and ‘d’ it shall first transmit any frames in field ‘e’ followed
by ‘a’, ‘b’, ‘c’, and ‘d’; otherwise …

#.3.4.4.3.3 l If the station has nothing to transmit (e.g. after a reset), it shall not transmit.
#.3.4.4.3.4 Acknowledging the data. NOTE 1
#.3.4.4.3.4 a A station which transmitted an information request reservation field (and consequently

has a reservation for a response) shall transmit in the reserved slot a response
supervisory frame (either an RR or SREJ) to acknowledge transfer …

#.3.4.4.3.4 b If no INFO or UI frames were requested in the original RTS, the station shall transmit a
general confirm burst with the requested message ID set to compressed frame burst.

#.3.4.4.3.4 c If at least one frame but not all of the frames which were identified in the RTS have been
received correctly (including the extra information frames), then the station shall include
an information request reservation field with the parameters in Table 3-43 …

#.3.4.4.4 Support for unicasted connectionless services. NOTE 1
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#.3.4.4.4 a Consistent with ISO 4335 (and contrary to the VDL Mode 2 SARPs), a unicasted UI shall
be transmitted to transfer connectionless, point-to-point data.

#.3.4.4.4 b A unicasted UA shall acknowledge receipt of a unicasted UI.
#.3.4.4.5 Supervisory data. NOTE 1
#.3.4.4.5 a Supervisory data shall be added to pending communications data where possible.
#.3.5 Link Management Entity sublayer. NOTE 1
#.3.5.1 Services. NOTE 1
#.3.5.1 a The services of the LME shall conform to VDL SARPs Mode 2 Section 3.4.1 except as

specified below.
#.3.5.1.1 Link provision. NOTE 1
#.3.5.1.1 a Each ground and mobile LME shall monitor all transmissions (both DLS and VSS) from

its peer’s stations to maintain a reliable link between some ground station and the
mobile while the mobile is in coverage of an acceptable ground station in the ground sys

#.3.5.2 Synchronisation burst format. NOTE 1
#.3.5.2 a All VDL Mode 4 stations shall transmit synchronisation bursts to support link

management.
#.3.5.2.1 Fixed and variable data fields. NOTE 1
#.3.5.2.1 a The synchronisation burst shall consist of two portions: a fixed data field containing

information that must be sent with each synchronisation burst and a variable data field
containing additional system management information that does not need to be inc

#.3.5.2.2 Fixed data field format. NOTE 1
#.3.5.2.2 a Mobile and ground stations shall have different fixed data fields as defined in Table 3-44

and Table 3-45 respectively.
#.3.5.2.2 b The subfields shall be computed as defined in Table 3-46.
#.3.5.2.2 c The values of the subfields shall be the latest available data that can be obtained by the

station.
#.3.5.2.3 Variable data field format. NOTE 1
#.3.5.2.3 a The variable data field shall contain additional system management information or VSS

user specific information.
#.3.5.2.3 b The first 24 information fields (information field ID 0 to 23) shall be reserved for system

management purposes.
#.3.5.2.4 Information field formats. NOTE 1
#.3.5.2.4 a For each system management information field, data shall be encoded as defined in

Table 3-48, Table 3-49 and Table 3-50.
#.3.5.2.4 b The values of the information field subfields shall be as defined in Table 3-51.
#.3.5.2.5 Synchronisation burst request. NOTE 1
#.3.5.2.5 a To request that a station transmit a synchronisation burst with a specific information

field, a station shall transmit a general request burst and include the ID of the
information field (r-id) as shown in Table 3-52.

#.3.5.3 Exchange identity (XID) parameter formats. NOTE 1
#.3.5.3 a The exchange identity (XID) parameter formats shall conform to VDL SARPs Mode 2

Section 3.4.2 except as specified below.
#.3.5.3.1 General purpose information private parameters. NOTE 1
#.3.5.3.1.1 VDL Mode 4 private parameter set identifier. NOTE 1
#.3.5.3.1.1 a This parameter shall be included whenever any of the VDL Mode 4 private parameters

are to be sent.
#.3.5.3.1.1 b It shall be the first private parameter sent as per ISO 8885.
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#.3.5.3.1.1 c Other general purpose information private parameters shall conform to VDL SARPs
Mode 2 Sections 3.4.2.4.2 - 3.4.2.4.7.

#.3.5.3.2 Aircraft-initiated information private parameters. NOTE 1
#.3.5.3.2 a Aircraft-initiated information private parameters shall conform to VDL SARPs Mode 2

Section 3.4.2.5 except as specified below.
#.3.5.3.2.1 Modulation support parameter. NOTE 1
#.3.5.3.2.1 a The modulation support parameter shall conform to VDL SARPs Mode 2 Section

3.4.2.5.1 except that bit 4 of VDL SARPs Mode 2 Table 3-21 (Modulation scheme and
bit rate) shall be redefined as shown in Table 3-55.

#.3.5.3.2.1 b If all four bits of the modulation support parameter are equal to zero, this shall indicate
VDL Mode 4 at 19 200 bit/s.

#.3.5.3.3 Ground-initiated modification private parameters. NOTE 1
#.3.5.3.3 a Ground-initiated modification private parameters shall conform to VDL SARPs Mode 2

Section 3.4.2.6.
#.3.5.3.3 b In addition there shall be additional parameters as specified below.
#.3.5.3.3.1 N3 parameter. NOTE 1
#.3.5.3.3.1 a This parameter defines the value of N3 that an aircraft shall use, encoded as a 16-bit

unsigned integer as per Table 3-56.
#.3.5.3.3.2 VS1 parameter. NOTE 1
#.3.5.3.3.2 a This parameter defines the value of VS1 that an aircraft shall use, encoded as a 4-bit

unsigned integer as per Table 3-57.
#.3.5.3.3.3 VS2 parameter. NOTE 1
#.3.5.3.3.3 a This parameter defines the value of VS2 in dB that an aircraft shall use, encoded as a 6-

bit unsigned integer as per Table 3-58.
#.3.5.3.3.4 Q4 parameter. NOTE 1
#.3.5.3.3.4 a This parameter defines the value of Q4 that an aircraft shall use, encoded as a 5-bit

unsigned integer as per Table 3-59.
#.3.5.3.4 Ground-initiated information private parameters. NOTE 1
#.3.5.3.4 a Ground-initiated information private parameters shall conform to VDL SARPs Mode 2

Section 3.4.2.7.
#.3.5.3.4 b In addition there shall be additional parameters as specified below.
#.3.5.3.4.1 Frequency support list. NOTE 1
#.3.5.3.4.1 a This parameter, encoded per Table 3-62, shall provide the mode, frequency and ground

station address information as defined in VDL SARPs Mode 2 Section 3.4.2.7.1 but
shall, in addition, provide the location of the ground station listed.

#.3.5.3.4.1 b The location shall be encoded as an offset relative to the position of the source station:
easterly offset (eo) and northerly offset (no) shall each be 8 bit parameters with a
resolution of 4 nmi encoded using two’s complement math.

#.3.5.3.4.2 Short broadcast service access point (BSAP) availability. NOTE 1
#.3.5.3.4.2 a This parameter, encoded per Table 3-61 and which may be repeated, shall state the

availability of various one-octet BSAPs on a particular frequency.
#.3.5.3.4.2 b The mode subfield (m), encoded per Table 3-21 of VDL SARPs Mode 2, shall indicate

the mode that the transmissions shall use.
#.3.5.3.4.2 c The frequency subfield (f) shall be the frequency to which this parameter applies and

shall be encoded as defined in Table 3-20.
#.3.5.3.4.2 d The BSAP subfield (b), encoded as a list of one or more 8-bit integers, shall be a list of

BSAPs available on the designated frequency.
#.3.5.3.4.3 Long BSAP availability. NOTE 1
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#.3.5.3.4.3 a This parameter, encoded per Table 3-62 and which may be repeated, shall state the
availability of various two-octet BSAPs on a particular frequency.

#.3.5.3.4.3 b The mode subfield (m), encoded per Table 3-21 of VDL SARPs Mode 2, shall indicate
the mode that the transmissions shall use.

#.3.5.3.4.3 c The frequency subfield (f) shall be the frequency to which this parameter applies and
shall be encoded as defined in Table 3-20.

#.3.5.3.4.3 d The BSAP subfield (b), encoded as a list of one or more 16-bit integers, shall be a list of
BSAPs available on the designated frequency.

#.3.5.4 LME timers and parameters. NOTE 1
#.3.5.4 a The LME shall conform to VDL SARPs Mode 2 Section 3.4.3, except that Table 3-63

below shall define the VDL Mode 4 management entity system parameter default values
and N3 shall be as defined in Table 3-64.

#.3.5.4.1 Counter G1 (maximum number of missed reservations). NOTE 1
#.3.5.4.1 a Counter G1 shall be the maximum number of missed reservations before a station

assumes that a peer station is unreachable.
#.3.5.4.1 b Counter G1 shall be set to zero when a peer station is detected for the first time.
#.3.5.4.1 c Counter G1 shall be decremented (but not below zero) when a transmission from a peer

station was received in a slot that was reserved for the peer station to transmit in.
#.3.5.4.1 d Counter G1 shall be incremented when a slot that was reserved for a peer station is idle,

except that a station shall not increment G1 when a peer station does not transmit in a
slot that the station made for the peer station.

#.3.5.4.1 e When counter G1 exceeds the maximum number of missed reservations (the value of
parameter G1), the peer station shall be deleted from the Peer Entity Contact Table
(PECT) (see Section 3.5.5.2), reservations made by the peer station …

#.3.5.4.1 f There shall be one Counter G1 per peer station.
#.3.5.5 LME procedures. NOTE 1
#.3.5.5 a The LME procedures shall conform to VDL SARPs Mode 2 Section 3.4.4, except that

the aircraft location and ground location private parameters shall not be included in any
XID and synchronisation burst procedures shall be used as defined below.

#.3.5.5.1 Synchronisation burst procedures. NOTE 1
#.3.5.5.1 a All stations shall transmit the synchronisation burst defined in Section 3.5.2 depending

on whether it is a mobile station or a ground station with the QoS and either the periodic
broadcast or incremental broadcast parameters defined in Table 3-65.

#.3.5.5.1 b A message ID field of binary 00 shall be used for autonomous synchronisation bursts
(synchronisation bursts that use slots previously reserved autonomously by a station
using the periodic broadcast protocol) and a message ID of binary 01 shall be used for

#.3.5.5.1 c A station (mobile and ground) shall transmit a synchronisation burst at least once every
M1 slots on all Global Signalling Channels (GSCs).

#.3.5.5.1.1 Transmission of INFO fields. NOTE 1
#.3.5.5.1.1 a Every fourth information field transmitted from a station using a synchronisation burst on

any GSC shall be type 0 (Position resolution field) (see Section 3.5.2.4).
#.3.5.5.1.1 b Each station shall transmit at least one type 0 information field per M1 slots.
#.3.5.5.1.1 c System management information fields shall have priority over VSS user specific

information fields.
#.3.5.5.1.2 Recommendation.
#.3.5.5.1.3 Mobile stations. NOTE 1
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#.3.5.5.1.3 a Whenever mobile stations are not directed to transmit synchronisation bursts on any
frequency with time-outs greater than M1 slots, they shall transmit mobile
synchronisation bursts with the periodic broadcast reservation field on all GSCs …

#.3.5.5.1.3 b When transmitting autonomously on the GSCs, mobile stations shall use the standard
parameters defined in Table 3-46.

#.3.5.5.1.4 Ground stations. NOTE 1
#.3.5.5.1.4 a Ground stations shall broadcast time synchronisation bursts using the standard

parameters defined in Table 3-46 at least once per M1 slots.
#.3.5.5.1.5 Synchronisation burst request procedures.
#.3.5.5.1.5 a A station issuing a synchronisation burst request (see Section 3.5.2.5) shall set the auto

bit to 0 when requesting a specific information field.
#.3.5.5.1.5 b The sleep bit shall be set to 0 when requesting a single response.
#.3.5.5.1.5 c A station requesting the time synchronisation information field (information field type 1)

shall only transmit a request to a station that has announced that it is operating with a
primary time source (tfom =1).

#.3.5.5.1.5 d A requesting station shall set the auto bit to 1 when it is directing many reservations and
it desires that the responding unit determine which information field is the most
important at any point in time.

#.3.5.5.1.5 e When directing a mobile station to report at a very low update rate for the operating
environment (say once every 30 or 60 seconds for a stationary station on the surface), a
requesting station shall set the sleep bit to 1.

#.3.5.5.1.5 f Otherwise it shall set the sleep bit to 0.
#.3.5.5.1.5 g A responding station receiving a synchronisation request burst with sleep = 1 shall

transmit using the incremental broadcast reservation type at the specified reporting rate
whenever …

#.3.5.5.1.5 h The responding station shall continue to report incrementally until it transmits its periodic
broadcast burst and the position change over the reporting period is less than ‘pos’
meters and …

#.3.5.5.1.5 i A zero velocity subfield shall cause the velocity tests to be ignored.
#.3.5.5.1.5 j A zero position subfield shall cause the position tests to be ignored.
#.3.5.5.2 Peer entity contact table (PECT). NOTE 1
#.3.5.5.2 a Every station shall maintain a table of all known stations.
#.3.5.5.2 b For each station, the table shall include the type of the station, a copy of the last of each

type of broadcast burst, the time of the last transmission and a G1 counter.
#.3.5.5.2 c The ability to reach a peer station shall be assumed lost after G1 missed reservations.
#.3.5.6 XID frame types. NOTE 1
#.3.5.6 a The aircraft and ground LMEs shall use the XID frame types defined in VDL SARPs

Mode2 table 3-46 with the additions detailed in Table 3-66.
#.4. SUBNETWORK LAYER PROTOCOLS AND SERVICES NOTE 1
#.4. a The Subnetwork layer shall conform to VDL SARPs Mode 2.
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Table 3-1b: EUROCAE MOPS requirements

<Table to be populated following WG review/preparation of MOPS Requirements>

EUROCAE
MOPS Ref

Req Title Remarks EUROCAE MOPS
Test Case

EUROCAE MOPS
Page No

3.2 VDL MODE 4 PHYSICAL LAYER REQUIREMENTS Heading NOTE 1
3.2.1 Modulation scheme See SARPs #.2.3.1,2
3.2.2 Receiver requirements (including definition of BER rate) See SARPs 6.3.5.1 NOTE 1
3.2.2.1 Receiver operating range See SARPs #1.4.1.2
3.2.2.2 Sensitivity See SARPs 6.3.5.2
3.2.2.3 Adjacent channel rejection See SARPs 6.3.5.3
3.2.2.4 Rejection of signals in VHF band See SARPs 6.3.5.4.1
3.2.2.5 Rejection of VHF FM broadcast signals See SARPs 6.3.5.4.2
3.2.2.6 Rejection of signals outside the VHF band
3.2.2.7 Noise rejection
3.2.2.8 Desired signal dynamic range
3.2.2.9 Symbol rate capture range
3.2.2.10 Symbol rate capture range
3.2.2.11 Doppler rate
3.2.2.12 Co-channel interference
3.2.2.13 Conducted spurious emission
3.2.2.14 Intermodulation
3.2.3 Transmitter requirements NOTE 1
3.2.3.1 Transmitter operating range See SARPs #.1.4.1.1
3.2.3.2 Data rate See SARPs #2.3.2
3.2.3.3 Manufacturer declared output power
3.2.3.4 RF power rise time See SARPs #2.3.3.1
3.2.3.5 RF power release time See SARPs #.2.3.5
3.2.3.6 Spurious emissions
3.2.3.7 Adjacent channel power See SARPs 6.3.4.1-3
3.2.3.8 Load VSWR capability
3.2.3.9 Frequency tolerance See SARPs 6.3.1
3.2.3.10 Tuning time See SARPs 6.1.2.1
3.2.3.11 Start of transmission See SARPs #.2.3.4
3.2.3.12 Automatic transmitter shutdown See SARPs #.2.1.3.3
3.2.4 Physical layer system requirements NOTE 1
3.2.4.1 Receiver to tranmitter turnaround time See SARPs #.2.5.1
3.2.4.2 Tranmitter to receiver turnaround time See SARPs #.2.5.3

3.3 RECOVERY FROM POWER INTERRUPT Heading NOTE 1
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EUROCAE
MOPS Ref

Req Title Remarks EUROCAE MOPS
Test Case

EUROCAE MOPS
Page No



54

EUROCAE VDL Mode 4 Transceiver MOPS  Working DRAFT D

3.2                     VDL MODE 4 PHYSICAL LAYER REQUIREMENTS

<The following sections have been derived from the requirements given in VDL
SARPs, VDL Mode 4 SARPs and ETSI standard 300 113. Where VDL Mode 4
SARPs and ETSI 300 113 give similar performance requirements, the most
stringent has been used.. The WG is invited to review this material to determine its
suitability.>

The physical layer requirements shall apply to all frequency channels in the
operating range of the station for which the equipment is designed, unless
otherwise stated.

NOTE: The operating range is different for the transmitter and receiver.

3.2.1                Modulation scheme

The modulation scheme shall be Gaussian Filtered Frequency Shift Keying
(GFSK), which is a continuous-phase, frequency shift keying technique using two
tones and a Gaussian pulse shape filter. The first bit transmitted (in the training
sequence) shall be a high tone and the transmitted tone shall be toggled when
transmitting a 0 (i.e., NRZI encoding). Binary ones and binary zeros shall be
generated with a modulation index of 0.25 ± 0.03 and a BT product of 0.28 ± 0.03.

NOTE: This requirement is derived from VDL Mode 4 SARPs section #.2.3.1 and
#.2.3.2.

3.2.2                Receiver Requirements

For the purposes of the following requirements, the specified uncorrected Bit
Error Rate (BER) of the equipment shall be equal to or better than 1 in 104.

NOTE: This requirement is derived from VDL SARPS 6.3.5.1

<The requirement in VDL SARPs is for a corrected BER of 1 in 104. Since VDL
Mode 4 currently does not incorporate error correction, this can be regarded as
the error rate to be achieved. Other analyses have confirned this BER to be a
desirable standard to minimise the number of broadcasts lost due to bit errors.
However, the figure should be kept under review pending industrial developments
to verify that it can be realistically achieved.>

3.2.2.1 Receiver operating range

A receiver shall be capable of tuning to any of the 25 kHz channels from 108.000
MHz through 136.975 MHz.

NOTE: This requirement is derived from VDL Mode 4 SARPs  #.1.4.1.2.

3.2.2.2 Sensitivity

The equipment shall achieve the specified BER with an input of a modulated VDL
Mode 4 signal source not exceeding – 94 dBm.
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NOTE 1: This requirement is derived from VDL SARPs 6.3.5.2.

NOTE 2: The assumption of 7 dB of airborne antenna and cable losses is made in
accordance with VDL Mode 2 MOPS.

<ETSI requires sensitivity to be determined for a BER of 10-2 and specifies values
in terms of emf as opposed to dBm.>

3.2.2.3 Adjacent channel rejection

The equipment shall achieve the specified BER with the input of a desired
modulated VDL Mode 4 signal source not exceeding – 88 dBm, in the presence of
an additional interfering modulated VDL Mode 4 signal in an adjacent channel of
– 48 dBm.

NOTE 1: This requirement is derived from VDL SARPs 6.3.5.3.

NOTE 2: The assumption of 7 dB of airborne antenna and cable losses is made in
accordance with VDL Mode 2 MOPS.

<VDL SARPs recommendation 6.3.5.3.1 offers a more demanding requirement
which has not been adopted in VDL Mode 2 MOPS. Is this more appropriate
here?>

<An interfering signal carrying the same type of modulation is employed, in
accordance with VDL Mode 2 MOPS>

<ETSI requires adjacent channel selectivity to be determined for a BER of 10-2

and specifies an unwanted AM signal.>

3.2.2.4 Rejection of signals in the VHF band

The equipment shall achieve the specified BER with the input of a desired
modulated VDL Mode 4 signal source not exceeding –88 dBm, in the presence of
an additional unmodulated interfering signal of –33 dBm on any frequency in the
range 118 to 136.975 MHz, including the frequencies equivalent to the second
highest and second lowest channels to which the receiver is capable of being
tuned, but excluding the frequency range between these channels.

NOTE 1: This requirement is derived from VDL SARPs 6.3.5.4.1.

NOTE 2: The assumption of 7 dB of airborne antenna and cable losses is made in
accordance with VDL Mode 2 MOPS.

<The specification of the frequency range of the interfering signal is in
accordance with VDL Mode 2 MOPS.>

<ETSI requires rejection to be determined for a BER of 10-2 and specifies an
unmodulated unwanted signal at up to +/- 10 MHz away from nominal receiver
frequency in +/1 MHz steps. The specification of frequency range of the unwanted
signal is more demanding than VDL Mode 2 MOPS, and may be preferable?>
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3.2.2.5 Rejection of VHF FM broadcast signals

The equipment shall achieve the specified BER with the input of a desired
modulated VDL Mode 4 signal source not exceeding – 88 dBm, in the presence of
an additional interfering signal modulated <tbd> in the frequency range 87.5 to
107.9 MHz, of – 5 dbM.

NOTE 1: This requirement is derived from VDL SARPs 6.3.5.4.2.

NOTE 2: The assumption of 7 dB of airborne antenna and cable losses is made in
accordance with VDL Mode 2 MOPS.

<VDL Mode 2 MOPS apply the test with an unmodulated unwanted signal.>

<There is no equivalent ETSI specification.>

3.2.2.6 Rejection of signals outside the VHF band

The equipment shall achieve the specified BER with the input of a desired
modulated VDL Mode 4 signal source not exceeding – 88 dBm, in the presence of
each of the following interfering signals applied individually in addition:

Unwanted signal A: Modulation: None
Frequency: 108-156 MHz (excluding 117.950-137.025 MHz)
Level: - 33 dBm

Unwanted signal B: Modulation: None
Frequency: 50 kHz-1215 MHz (excluding 87.5-156 MHz)
Level: - 7 dBm

NOTE 1: There is no equivalent VDL SARPs requirement.

NOTE 2: The assumption of 7 dB of airborne antenna and cable losses is made in
accordance with VDL Mode 2 MOPS.

<The interfering test signals are in accordance with VDL Mode 2 MOPS.>

<There is no equivalent ETSI specification.>

3.2.2.7 Noise rejection

The equipment shall achieve the specified BER with the input of a desired
modulated VDL Mode 4 signal source not exceeding – 88 dBm, in the presence of
additional interfering Additive White Gaussian White Noise (AWGN) of power
density – 157 dBm/Hz.

NOTE: There is no equivalent SARPs requirement.

<The interfering noise level is in accordance with VDL Mode 2 MOPS.>

<There is no equivalent ETSI specification.>
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3.2.2.8 Desired signal dynamic range

The equipment shall achieve the specified BER with the input of a desired
modulated VDL Mode 4 signal of not less than – 7 dBm.

NOTE: There is no equivalent SARPs requirement.

<The requirement is in accordance with VDL Mode 2 MOPS.>

<ETSI requires that a BER of 10-4 be achieved with wanted inputs of  33 dB and
103 dB above maximum usable sensitivity.>

3.2.2.9 Symbol rate capture range

The equipment shall achieve the specified BER with the input of a desired
modulated VDL Mode 4 signal of –94 dBm, with a symbol rate offset of 50 parts
per million.

NOTE: This requirement.is derived from the transmitter symbol rate stability
standard specified in VDL Mode 4 SARPs #.2.3.2.

<VDL Mode 2 MOPS specify the test to be performed at input level corresponding
to maximum receiver sensitivity.>

<There is no equivalent ETSI specification.>

3.2.2.10 Frequency capture range

The equipment shall be capable of acquiring and maintaining a lock to signals
with a frequency offset from nominal of +/- 965 Hz, and shall achieve the
specified BER with the input of a desired modulated VDL Mode 4 signal not
exceeding – 94 dBm at the specified frequency offset.

NOTE 1: This requirement is derived from the transmitter frequency stability
standard specified in VDL Mode 4 SARPs #6.3.1

NOTE 2: The frequency range value takes account of the transmitter frequency
error (685 Hz) and twice the assumed Doppler shift (140 Hz) in
accordance with VDL Mode 2 MOPS.

<There is no equivalent ETSI specification.>

3.2.2.11 Doppler rate

The equipment shall achieve the specified BER with the input of a desired
modulated VDL Mode 4 signal not exceeding – 94 dBm at a carrier frequency
anywhere within the offset range specified in 0, with the carrier frequency
changing at a rate not less than 18 Hz/s.

NOTE: There is no equivalent SARPs requirement.

<The test is in accordance with VDL Mode 2 MOPS, but no information is
provided on the source of the 18 Hz/sec>

<There is no equivalent ETSI specification.>
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3.2.2.12 Co-channel interference

The equipment shall achieve the specified BER with the input of a desired VDL
Mode 4 modulated signal not exceeding – 88 dBm, in the presence of an
additional interfering VDL Mode 4 modulated signal not less than – 95 dBm at the
same nominal frequency.

NOTE: The specified co-channel interference protection of 7 dB conforms to the
expectation of VDL Mode 4 SARPs in #.2.6.2

<ETSI requires a BER of 10-2 with a desired input signal of 3 dB above that for
maximum receiver sensitivity, and 8 dB of co-channel protection.>

3.2.2.13 Conducted spurious emission

When the receiver input is terminated in a resistive load equal to the nominal
receiver input impedance, the level of any spurious emission appearing across the
load shall not exceed - 57dBm over the frequency range of 50 kHz to 1215 MHz,
and shall not exceed – 64 dBm over the frequency range 108 to 137 MHz..

NOTE 1: There is no equivalent SARPs requirement.

NOTE 2: The requirement is in accordance with VDL Mode 2 MOPS.

<ETSI requires an identical performance outside the VHF band, but does not
require the more stringent value within the band. ETSI also requires constraints
on the radiation of spurious emissions.>

3.2.2.14 Intermodulation

The equipment shall achieve the specified BER with the input of a desired VDL
Mode 4 modulated signal not exceeding – 88 dBm, in the presence of two
additional interfering FM modulated signals in the frequency range 87.5 to 107.9
MHz each at a level of not less than –5 dBm.

NOTE: There is no equivalent SARPs requirement.

<The requirement is in accordance with VDL Mode 2 MOPS.>

<ETSI requires 65 dB of intermodulation rejection, which represents a less
stringent requirement.>

3.2.3                Transmitter requirements

Two classes of transmitter equipment are defined: class A and class B. All
transmitter requirements shall apply to class A and class B transmitters unless
otherwise stated.

All transmitter measurements shall be made using conducted power unless
otherwise stated.
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3.2.3.1 Transmitter operating range

A transmitter shall be capable of tuning to any of the 25 kHz channels from
112.000 MHz through 136.975 MHz.

NOTE: This requirement is derived from VDL Mode 4 SARPs  #.1.4.1.1.

<The lower bound of this range is taken from VDL Mode 4 SARPs but it needs to
be reviewed.>

3.2.3.2 Data rate

The data rate shall be 19.2 kbit/s ± 50 ppm

NOTE 1: This requirement is derived from VDL Mode 4 SARPs section #.2.3.2.

NOTE 2: 50ppm = 0.005%.

3.2.3.3 Manufacturer declared output power

Class A: The transmitter mean output power shall be 5 watts ±  1 watts. Output
power delivered into a 50 ohms load shall be measured during signal transmission
(steady state power lever) not averaged over the time intervals between signal
transmissions.

Class B: The transmitter mean output power shall be 1 watt ± 0.2 watts. Output
power delivered into a 50 ohms load shall be measured during signal transmission
(steady state power lever) not averaged over the time intervals between signal
transmissions.

NOTE 1: The difference between class A and B is 7 dB. This gives class A about
2.2 the nominal range of B.

<The output powers need to reviewed with link budgets to ensure that required
operational ranges can be achieved with these output powers. >

< It is assumed that the effects of duty cycle and aximum transmission time do not
need to be considered, since output powers are low enough that heat disipation is
not a problem.>

<The feasibility of the tolerances given here need to be reviewed.>

<Conducted power is specified, but radiated power may also have to be
considered.>

<ETS 300113 defines a range under normal test conditions of ± 1,5 dB. This
corresponds to a range of 3.5 W – 7.0 W (class A) and 0.7 W – 1.4 W (class B).
Therefore the specification given here is more stringent than ETS 300113.>

3.2.3.4 RF power rise time

The transmitter shall be within 90 % of the manufacturer declared output power
level in less than 832 µs.
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NOTE 1: This requirement is derived from VDL Mode 4 SARPs Table #.2-1 and
#.2.3.3.1

NOTE 2: The contents of the transmitter power stabilisation segment is defined in
VDL Mode 4 SARPs #.2.3.3.1.

3.2.3.5 RF power release time

The transmitted power level shall decay at least by 20dB below the manufacturer
declared output power level within 300 µs after transmitting the final information
symbol.

The transmitter power level shall be less than -90dBm below the manufacturer
declared output power level within 832 µs after transmitting the final information
symbol.

NOTE: This requirement is derived from VDL Mode 4 SARPs #.2.3.5

3.2.3.6 Spurious emissions

The level of conducted spurious radio frequency energy emitted by the equipment
shall not exceed those levels specified in ED-14C/DO-160C, Section 21, for the
aircraft category for which the equipment is designed. The use of later editions of
this document must be agreed with the appropriate approval authority.

When the transmitter is modulated and terminated in a resistive load equal to the
nominal output impedance, the power of any spurious emission at the output of
the transmitter shall not exceed :

• 2.5 µwatts at frequencies within the range 108-112 MHz.

• 25 µwatts or a level 40 dB below the power at the selected frequency,
whichever is the most stringent, at frequencies within the range 50 kHz-1215
MHz (excluding frequencies within the range 108-112 MHz and those within
±25 kHz of the selected frequency); however the power of the emission need
not be reduced below 10 microwatts.

NOTE: This requirement has been derived from ED-14C/DO-160C

<The requirment is consistent with VDL Mode 2 MOPS>

<ETS 300113 is considerably more strict than this requirement. Spurious
emissions required to be 0.25 µwatts (ETS 300113 Section 5.1.5).>

3.2.3.7 Adjacent channel power

The amount of power from a transmitter when measured over the 25 kHz channel
bandwidth of the first adjacent channel shall not exceed 0 dBm.

The amount of power from a transmitter when measured over the 25 kHz channel
bandwidth of the second adjacent channel shall be less than minus 25 dBm and
from thereon it shall monotonically descrease at the minimum rate of 5dB per
octave to a maximum value of minus 52 dBm.
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The amount of power from a transmitter when measured over a 16 kHz channel
bandwidth centred on the first adjacent channel shall not exceed minus 20 dBm.

NOTE: This requirement is derived from VDL SARPs 6.3.4.1, 6.3.4.2, 6.3.4.3

<This requirement is likely to become more stringent as a result of current VDL
investigations.>

<This requirement is more stringent than ETS 300113. The ETS 300113
requirement (Section 5.1.4) is: “The adjacent channel power shall not exceed a
value of 70,0 dB below the carrier power (conducted) of the transmitter without
any need to be below 0,2 µW (- 37 dBm).”>

<These are only applied under normal conditions. VDL 2 MOPS define some
under ‘all operating conditions’. However, this distinction is not made here. This
needs to be reviewed.>

<These tests implicitly include wideband noise, so separate tests are not required
for this.>

3.2.3.8 Load VSWR capability

When a 2 : 1 mismatch is applied to the transmitter output terminals by a length of
feeder, which is varied in electrical length by up to half a wave length, the
requirements of paragraphs 3.1.2.5 and 3.1.2.8 shall be met. In addition, the power
output shall be not less than -3 dB of the manufacturer declared output power.

<This is consistent with VDL Mode 2 MOPS>

3.2.3.9 Frequency Tolerance

The frequency of the RF carrier shall be within 0.0005% of the selected frequency.

NOTE 1: This requirement is derived from VDL SARPs 6.3.1

NOTE 2: 0.0005% = 5ppm

<ETS requirement (Section 5.1.1) is maximum frequency error of ±1.35 kHz,
which corresponds to 11.4 ppm in the worst case.>

3.2.3.10 Tuning time

The transmitter shall be capable of tuning to and operating on any 25-kHz channel
in its operating range within 100 ms of the receipt of the last bit of the command
to change frequency assignment.

NOTE: This requirement is derived from VDL SARPs 6.1.2.1

3.2.3.11 Start of transmission

The transmission of the first bit of data shall start 2082 µs ± 1 µs after the nominal
start of transmission.

NOTE 1: This requirement is derived from VDL Mode 4 SARPs #.2.3.4
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NOTE 2: The nominal start of transmission always coincides with the time of the
start of a slot.

<The figure given here is correct. However, draft SARPs presently have an
inorrect figure for GFSK and there is an outstanding change request to correct
them.>

3.2.3.12 Automatic transmitter shutdown

On the VDL Mode 4 Global Signalling Channels, the station shall automatically
shut-down power to the final stage amplifier in the event that the transmitter
remains “on” for more than 0.5 second. Reset to an operational mode shall require
a manual operation. The transmitter shall be considered “on” if the radiated power
exceeds 2 x 106 volts per metre.

NOTE 1: This requirement is derived from VDL Mode 4 SARPs #.2.1.3.3

NOTE 2: 2 x 106 volts per metre is equivalent to +20dBm.

3.2.4 Physical layer system parameters

3.2.4.1 Receiver to transmitter turnaround time

A station shall be capable of beginning the transmission of the transmitter power
stabilisation sequence within 1 µs after terminating the receiver function.

NOTE: This requirement is derived from VDL Mode 4 SARPs #.2.5.1

3.2.4.2 Transmitter to receiver turnaround time

A station shall be capable of receiving and demodulating with nominal
performance an incoming signal within 1 ms after completing a transmission.

NOTE: This requirement is derived from VDL Mode 4 SARPs #.2.5.3

3.3                     RECOVERY FROM POWER INTERRUPT

<This requirement is intended to ensure improved availability of the equipment
during operation. The WG is invited to review and comment on these provisions.>

The VDL Mode 4 Transceiver shall continue to operate throughout a power
interruption not exceeding 200 ms <value tbd> in duration, according to the
requirements of EUROCAE ED14C/ RTCA DO-160C applicable to category A
<tbd>.

In addition, the VDL Mode 4 receiver(s) shall be capable of continuing normal
operation, and maintaining the reservation table during a power interruption not
exceeding 500 ms in duration.

NOTE: This requirement exists in order to avoid the overhead and delay
associated with re-acquisition of the reservation table, which would
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otherwise be lost following momentary loss of power greater than
200ms.

4
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MINIMUM PERFORMANCE SPECIFICATION UNDER
ENVIRONMENTAL TEST CONDITIONS

4.1                     INTRODUCTION

The environmental test conditions and performance criteria described in this
section provide a laboratory means of determining the overall performance
characteristics of the equipment under conditions representative of those which
may be encountered in actual operation.

Unless otherwise specified in this document, or by the approving authority, the
test procedures applicable to the determination of equipment performance under
environmental test conditions are contained in EUROCAE ED-14C / RTCA DO-
160C “Environmental Conditions and Test Procedures for Airborne Equipment”
(December 1989).

Some of the environmental tests contained in this section do not have to be
performed unless the manufacturer wishes to qualify the equipment for that
particular environmental condition; these tests are identified by the phrase “if
required”. If the manufacturer wishes to qualify the equipment to these additional
environmental conditions, then the “if required” tests shall be performed.

NOTE: Throughout this chapter a small subset of the full functional test
procedures is used to test the equipment under environmental
conditions. This subset has been selected to exercise the basic capability
of the VDL Mode 4 equipment under busy conditions, together with all
physical interfaces, and all timers.

<The following sections will be populated following definition of appropriate
MOPS requirements>

4.2                     TEMPERATURE

4.2.1                Low Temperature
(ED-14C / DO-160C, para 4.5.1)

During this test,

a. establish compliance with the following paragraphs:

b. ensure that all mechanical devices operate satisfactorily.

4.2.2                High Temperature
(ED-14C / DO-160C, para 4.5.2, 4.5.3 and 4.5.4)

During the high, short-time operating temperature and loss of cooling test,

a. establish compliance with the following paragraphs:
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b. ensure that all mechanical devices operate satisfactorily.

During the high operating temperature test,

a. establish compliance with the following paragraphs:

b. ensure that all mechanical devices operate satisfactorily.

4.3                     ALTITUDE, DECOMPRESSION AND OVERPRESSURE
(ED-14C/DO-160C para 4.6)

4.3.1                Altitude
(ED-14C / DO-160C, para 4.6.1)

During this test,

a. establish compliance with the following paragraphs:

b. ensure that all mechanical devices operate satisfactorily.

4.3.2                Decompression  (if required)
(ED-14C / DO-160C, para 4.6.2)

During this test,

a. establish compliance with the following paragraphs:

b. ensure that all mechanical devices operate satisfactorily.

4.3.3                Overpressure  (if required)
(ED-14C / DO-160C, para 4.6.3)

During this test,

a. establish compliance with the following paragraphs:

b. ensure that all mechanical devices operate satisfactorily.

4.4                     TEMPERATURE VARIATION
(ED-14C / DO-160C, Section 5)

During this test,

a. establish compliance with the following paragraphs:
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b. ensure that all mechanical devices operate satisfactorily.

4.5                     HUMIDITY
(ED-14C / DO-160C, Section 6)

After subjection to this test and the application of primary power for 15 minutes,
immediately,

a. establish compliance with the following paragraphs:

b. ensure that all mechanical devices operate satisfactorily.

4.6                     SHOCK
(ED-14C / DO-160C, Section 7)

Following the application of the operational shocks,

a. establish compliance with the following paragraphs:

b. ensure that all mechanical devices operate satisfactorily.

Following the application of the crash safety shocks, the equipment shall remain
in its mounting, and no part of the equipment or its mounting shall have become
detached and free of the shock test table.

NOTE: The application of this test may result in damage to the equipment. It
may therefore be conducted after the other tests and paragraph 2.5
“Effects of Tests” does not apply.

4.7                     VIBRATION   
(ED-14C / DO-160C, Section 8)

During this test,

a. establish compliance with the following paragraphs:

b. ensure that all mechanical devices operate satisfactorily.

4.8                     EXPLOSION PROOFNESS  (if required)
(ED-14C / DO-160C, Section 9)

While the equipment is being subjected to this test, it shall not cause detonation of
the explosive mixture within the test chambers under normal and fault conditions.

NOTE: The application of this test may result in damage to the equipment. It
may therefore be conducted after the other tests and paragraph 2.5
“Effects of Tests” does not apply.

4.9                     WATER PROOFNESS  (if required)
(ED-14C / DO-160C, Section 10)
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After subjection to this test,

a. establish compliance with the following paragraphs:

b. ensure that all mechanical devices operate satisfactorily.

4.10                   FLUID SUSCEPTIBILITY  (if required)
(ED-14C / DO-160C, Section 11)

Subsequent to a 2 hour operational period at ambient temperature, after the 160
hour exposure period,

a. establish compliance with the following paragraphs:

b. ensure that all mechanical devices operate satisfactorily.

4.11                   SAND AND DUST  (if required)
(ED-14C / DO-160C, Section 12)

After subjection to this test,

a. establish compliance with the following paragraphs:

b. ensure that all mechanical devices operate satisfactorily.

4.12                   FUNGUS RESISTANCE  (if required)
(ED-14C / DO-160C, Section 13)

After subjection to this test,

a. establish compliance with the following paragraphs:

b. ensure that all mechanical devices operate satisfactorily.

4.13                   SALT SPRAY (if required)
ED-14C / DO-160C, Section 14)

After subjection to this test,

a. establish compliance with the following paragraphs:

b. ensure that all mechanical devices operate satisfactorily,

c. inspect for corrosion.

4.14                   MAGNETIC EFFECT
(ED-14C / DO-160C, Section 15)
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Determine the magnetic effect of the equipment and establish that it meets the
category to which it is declared.

4.15                   POWER INPUT
(ED-14C / DO-160C, Section 16)

Normal Operating Conditions

When subjected to the Normal Operating Conditions (ED-14C / DO-160C,
paragraphs 16.5.1 and 16.5.2) test, for the category corresponding to the type of
aircraft electrical supply system used, the equipment shall comply with the
following paragraphs:

<Include any performance standards which deviate from those for defined
conditions>

Abnormal Operating Conditions

When subjected to Abnormal Operating Conditions of the power supply (ED-14C
/ DO-160C, paragraphs 16.5.3 and 16.5.4), the equipment shall comply with the
following paragraphs:

<Include any performance standards which deviate from those for defined
conditions>

NOTE 1: Equipment operating on DC power: The gradual reduction to zero of
the primary power voltage(s) shall produce no detrimental effects (see
paragraph 2.5).

NOTE 2: In respect of ED-14C / DO-160C paragraphs 16.5.2.3 (momentary
power interruptions) and 16.5.2.4 (normal surge voltage) the test may
be carried out following the power interruptions.

4.16                   VOLTAGE SPIKE
(ED-14C / DO-160C Section 17)

The following sub-paragraphs refer to the relevant test conditions specified in
section 17 ED-14C / DO-160C.

4.16.1              Category A

The equipment shall be subjected to the test conditions specified in ED-14C /
DO-160C, paragraph 17.3 and shall comply with the following paragraphs:

<Equipment performance required to be stated>
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4.16.2              Category B

The equipment shall be subject to the test conditions specified in ED-14C / DO-
160C, paragraph 17.4 and shall comply with the following paragraphs
immediately following the ten second test period of the Intermittent Transient test
(paragraph 17.4.1) and during the Repetitive Transient test (paragraph 17.4.2):

4.17                   AUDIO FREQUENCY CONDUCTED SUSCEPTIBILITY
(ED-14C / DO-160C, Section 18)

During this test, establish compliance with the following paragraphs:

4.18                   INDUCED SIGNAL SUSCEPTIBILITY
(ED-14C / DO-160C, Section 19)

During this test, establish compliance with the following paragraphs:

4.19                   RADIO FREQUENCY SUSCEPTIBILITY (Radiated and Conducted)
(ED-14C / DO-160C Section 20)

During this test, establish compliance with the following paragraphs:

4.20                   EMISSION OF RADIO FREQUENCY ENERGY
(ED-14C / DO-160C Section 21)

Establish compliance with the category to which the equipment is declared.

4.21                   LIGHTNING INDUCED TRANSIENT SUSCEPTIBILITY
(ED-14C / DO-160C Section 22)

Following the application of these tests, establish compliance with the following
paragraphs:

4.22                   LIGHTNING DIRECT EFFECTS (ED-14C/DO-160C, Section 23)

Following the application of these tests,

a. ensure compliance with the following paragraphs:

b. ensure that all mechanical devices operate satisfactorily.
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4.23                   ICING (ED-14C/DO-160C, Section 24)

Whilst the equipment is being subjected to this test, establish compliance with the
requirement of the following paragraphs:

5
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TEST PROCEDURES

5.1                     GENERAL

5.1.1                Power Input Voltage

Unless otherwise specified, all tests shall be conducted with the power input
voltage adjusted to design voltage plus or minus 2%.  The input voltage shall be
measured at the input terminals of the equipment under test.

5.1.2                Power Input Frequency

a. In the case of equipment designed for operation from an AC source of
essentially constant frequency (e.g. 400 Hz), the input frequency shall be
adjusted to design frequency plus or minus 2%.

b. In the case of equipment designed for operation from an AC source of
variable frequency (e.g. 300 to 1 000 Hz), unless otherwise specified, tests
shall be conducted with the input frequency adjusted to within 5% of a
selected frequency and within the range for which the equipment is
designed.

5.1.3                Adjustment of Equipment

The circuits of the equipment under test shall be properly aligned and otherwise
adjusted in accordance with the manufacturer's recommended practices prior to
application of the specified tests.  Unless otherwise specified, no adjustments may
be made once the test procedures have started.

5.1.4                Equipment Configuration

Replacement or substitution of components or circuit modules within the
equipment under test is not permitted once the test procedures have started.

The VDL Mode 4 Transceiver shall undergo all testing with its operational
software installed in the equipment. The software version number shall reflect the
revision that is intended for approval.

The configuration data (paragraph 2.7 of this document refers) shall be set up so
as to be representative of a real aircraft installation. This configuration data set
shall be completely documented. The configuration setup shall not be altered
during the entire testing procedure.

5.1.5                Test Equipment

All equipment used in the performance of the tests should be identified by make,
model and serial number where appropriate, and its latest calibration date.  The
specification of the accuracy of the test equipment is left to the calibration process
prescribed by the agency which certifies the testing facility.

5.1.6                
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Test Equipment Precautions

Precautions shall be taken during conduct of the tests to prevent the introduction
of errors resulting from the improper connection of test instruments across the
input and/or output impedances of the equipment under test.

b. If used to terminate the input or output of the equipment under test, the test
instruments shall present the equivalent impedance to the equipment under
test for which it was designed.  Otherwise, the equipment under test shall
be connected to loads having the impedance values for which it was
designed.

5.1.7                Ambient Conditions

Unless otherwise specified, all tests should be conducted under conditions of
ambient room temperature, pressure and humidity, as defined in ED-14C/DO-
160C, paragraph 3.4.

5.1.8                Connected Loads

Unless otherwise specified, all tests shall be performed with the equipment
connected to loads having the impedance values for which it is designed.

5.1.9                Warm-up Period

Unless otherwise specified, all tests shall be conducted after a warm-up period of
not less than 5 minutes.

5.2                     REQUIRED TEST RIG

<General description of Test Rig to be inserted here, defining any special to type
signal standards. Particular Physical Layer tests may require variations from this
which may be specifically defined for individual tests.>

5.3
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TEST-SUITE DESCRIPTION METHODOLOGY

<The following methodology was developed by EUROCAE WG-49 to specify
protocol tests for the Mode S ADLP. The following text has been extracted from
MOPS prepared by that group to explain and illustrate the methodology.>

Traditionally, plain text has been used to describe MOPS test procedures. This is
adequate for most equipment. The precise rules which control the functions of
computer based equipment like the VDL Mode 4 Transceiver, which involve
sequential logic, require a rigorous interpretation which cannot always be readily
achieved by plain text description. Therefore, a more formal description was
sought for the EUROCAE VDL Mode 4 MOPS test procedures.

ISO 9646 "Information Technology - Open Systems Interconnection -
Conformance Testing Methodology and Framework" has been consulted for
guidance. The concepts of ISO 9646 were, to maximum extent, applied to the
VDL Mode 4 test procedures included in this document. For convenience the
following sections provide some understanding of the underlying basic concepts.

5.3.1                Overview of the Structure of the ISO 9646 Test-Suites

A test-suite covers all tests required to test a piece of equipment. In the ISO 9646
sense it should consist of  the following elements:

a. Test-Suite Overview

The Test-Suite Overview presents the general structure of the test-suite.
This part primarily contains an index in which the reference between the
requirements and the related test cases is outlined.

b. Declarations Part

The Declarations Part outlines the test environment. Here the test
equipment is defined. It also introduces the Points of Control and
Observation (PCOs). These points are defined in the test setup where
stimuli are injected and were the test results are observed.

c. Constraints Part

The Constraints Part contains the definitions of the packets and parameters
which are used in the test steps. The individual fields of the packets are
defined there.

d. Detailed Test Cases (Dynamic Part)

The Detailed Test Cases Part provides the actual test cases. Each test case
is designed for the verification of a distinct function of the test object. In
order to allow the performance of individual test cases in any sequence,
the test cases are designed to be independent from the history of the test
campaign (i.e. they contain all necessary steps required to reach the test
objective). Each test case therefore starts at a well defined idle state of the
test object. In order to avoid effects on successive test cases each test case
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must leave the test object in the defined idle state after the execution of the
test case.

A test case consists of a sequence of test steps. Some steps in the
beginning of the test case are required to prepare the test object for the
actual verification. These steps form the preamble of the test case. The
successive steps which perform the actual verification belong to the test
body. The steps which bring the equipment under test back to the defined
idle state make up the postamble.

5.3.2                The Test Case Description

ISO 9646 provides a formal syntax to describe test-suites for communication
equipment. This syntax is called the Tree and Tabular Combined Notation
(TTCN). The use of TTCN is recommended by ISO 9646 but not mandated.
TTCN is a powerful semi-formal language defined to facilitate computerised test
tools for any kind of communication equipment. However, TTCN is, due to its
abstractness, not so human friendly as plain text. In order to keep the test cases
readable to a maximum extent while making them as formal as necessary, it has
been decided to use a simpler formal notation in the description of the test cases.

A more comprehensive description of the syntax follows on the next pages. It is
important for the understanding of the test cases to be familiar with the syntax.
Table 5-1 defines the meaning of entries in individual test cases.

Table 5-2 provides an example test case introducing the simplified formal notation
used in these VDL Mode 4 MOPS. The comments column provides some initital
explanation.
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Table 5-1: Meaning of entries in the test case table

field name description
Test Case Name the name of the test case. This name is used to reference a specific test

case in the test-suite.
Long Designator the long designator directly following the test case name provides the test

case scope.
Purpose describes the intention of the test case
Reference provides the reference to the paragraphs of the requirements which are

addressed by the tests.
Context indicates which part of the test case is executed. The following entries are

foreseen:

preamble: in this part of the test case the equipment under test is brought
into an appropriate state to begin the actual verification

test body: in this part of the test case the actual test steps required for
the verification objective are executed

postamble
:

in this part of the test case the equipment under test is brought
into the defined idle state

Step numbers the individual test steps
Action holds the action to be performed during the test.

send: send a the specified entity
verify: verify that a result matches a given outcome (if an outcome is

not observed, then the test has failed and the test case must be
abandoned !)

record: record a value
await: wait until a certain event takes place (the test step has failed if

more than 30 s expire before the event is observed !)
wait: wait a specified time
macro: execute a named macro
do: do something special which is described in the Action

Qualifier column
repx:

endrep:

repeat the following steps x times in a loop (a more detailed
description can be found in para 5.3.3)
indicates the end of the loop statements

repx:

until:

repeat the following steps in a loop until a condition is true (a
more detailed description can be found in para 5.3.3)
indicates the end of the loop statements and holds the
termination condition
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PCO Point of Control and Observation, which indicates where in the test setup
the action shall be performed (see also <tbd.> ). The following entries
are used:

<PCOs for VDL Mode 4 tbd>
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Table 5-1: Meaning of entries in the test case table (continued)

field name description (continued)
Action Qualifier further qualifies the action. It either holds one or more of the entries

shown below:

•  the transaction type to be used together with specific field values.
Principally the field values are those presented in the constraints
section. Different field values are stated explicitly like (LCI:=316
or UD:= [5]{1...5}). The content of data fields which normally
consist of several bytes is written like:
 
 [n]{val} (e.g. [20]{85}): n bytes with byte value

val (decimal values only)
 [n]{n1...n2} (e.g. [128]{0...127}): n bytes in ascending order

from n1 to n2 (decimal
values only)

 [n]{k1,k2,k3,k4,...,kn} (e.g. [5]{4,6,8,10,12}): n bytes according to
explicit list (decimal
values only)

 •  the name of a macro plus one or more parameter values required
by the macro like: M-NAME (LCI:=316,CH:=15)

 •  a time to wait
 •  none, timeout = x s  no event to be expected, do not wait longer

than x seconds
 •  an event to await
 •  parameters of a rep construct in the row with action repx or

endrep (see para  5.2.3 for detailed description)
 • any free text which further qualifies the action

if alternative events are expected in one test step, then they are presented
in individual lines but in one row of the table (i.e. only one step number
is allocated). Two different cases need to be distinguished:
1) Several events stated in one row without an additional

keyword must all appear (cf. step 5 in Table 5-3). Any sequence
of the results is valid.

2) Several events combined with an OR may appear
alternatively either one or more (cf. step 6 in Table 5-3). Any
sequence of the results is valid.

Ref A reference to the definition of a basic version of a packet as described in
the constraints section (para 5.3.3)

Comment a comment which adds information for understanding of the actual step
Comments Overall Comments on the test case, if necessary
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5.3.3
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The Repeat Construct

To express test steps which need to be executed repetitively in a loop, the repeat
construct is used. A repeat construct consists of the two delimiting keywords

• repx and

• endrep

In this the parameter "x" stands for the number of loops to be performed. "x" may
either be an integer constant or an integer expression. In order to provide the test
steps of the loop with possibly required variables, an arbitrary number of variables
may be initialized in the Action Qualifier column in the row of the repx keyword
like:

n:=1;

p( ): =
{

CALL REQUEST;
RECEIVE NOT READY;
CLEAR REQUEST

}

In the above statements n is initialised to 1. In the second line a vector p( ),
holding packets to be used during the loop, is initialised. Each element of the
vector may be addressed by an integer index. The first element is addressed by the
index 1.

A rep statement is used to prepare for a loop of sucessive statements. There is no
test step executed in the rep statement line itself. The loop defined by rep and
endrep actually begins in the line following the rep statement line (i.e. the
initialisation in the rep statement line is only performed once !).

In most loops certain variables need to be modified while the loop is performed
several times. The modification is stated by one ore more equation(s) in the
endrep line, like:

n:=n + 1; i:=i -1

Nested loops are allowed as shown in the test case example (Table 5-2, step 10).

An alternative to the repeat construct which ends after a certain number of loops
have been performed is the repeat until construct, which consists of the two
delimiting keywords

• repx and

• until

In the line with the until keyword the conditon is mentioned which terminates the
loop. This condition is enclosed by brackets ( ).The parameter x may still be used
to indicate a maximum number of loops to be performed. This allows to terminate
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possible endless loops if the termination condition is not reached due to an error.
In such a case the test has failed and must be abandoned !

5.3.4                Macro definitions

Macros are used to express sequences of steps which are used frequently. A macro
may not include verification statements.  A macro name is preceded by 'M-' for
distinction from normal test cases. Macros may be called with parameters. The
parameters are mentioned in ( ) behind the macro name  the macro is called. An
example of a test case macro is shown in Table 5-3.

5.3.5                Test Case Naming

The individual test cases are named for reference. In order to obtain a systematic
name, the name is composed in a hierarchical manner as follows:

Protocol Type - Group of tests - Type of tests - Number
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Table 5-2: An example test case

<Extracted from Mode S ADLP MOPS to illusrate the principle of the proposed methodology>

Test Case Name: ISO-CSCC-NORM-1 channel opening, data Transfer, channel closing 1 of 1
Purpose: to test channel opening from DTE side, transfer of data and channel closing from DTE side in case of logically correct packets
Reference:

Context Step Action PCO Action Qualifier Ref Comment
preamble 1  macro   M-ISO-CSCC-NORM-1 (LCI:= 316)   as the preamble: execute a Macro with parameter LCI
 test body 2  send  ISO 8208  CALL REQUEST (LCI:=318)  I-1.a  send a CALL REQUEST from ISO 8208 side (use basic packet I-1.a of

constraints section, but replace value of LCI)
 3  verify  Mode S  CALL REQUEST (CH=14)  M-2.a  verify CALL REQUEST on the Mode S side with CH = 14
 4  send  ISO 8208  DATA (M:=0, UD:=[20]{170})  I-29.a  20 bytes with pattern 10101010
 5  verify  Mode S

 ISO 8208
 DATA (PS=1, SN=1)
 RECEIVE READY

 M-28.a
 I-24.a

 These two results must appear in any sequence during this step

 6  verify  Mode S
 ISO 8208

 DATA (PS=1, SN=1) OR
 RECEIVE READY

 M-28.a
 I-24.a

 These two results may appear both or alternatively in any sequence

 7  rep6   s:=1;
 i( ):={319; 321; 324; 325; 327; 330}

  this starts a loop of test steps variables are initialised
 an array variable is initialized

 8  send  ISO 8208  CALL REQUEST(LCI:=i(s))  I-1.a  this step is executed 6 times
 9  endrep   s:=s+1   this terminates the loop; s gets a new value each time
 10  rep16   s:=0   an outer loop 16 times
 11  rep15   t:=0   an inner loop 15 times
 12  send  Mode S  DATA (CH:=s, SN:= t)  M-29.a  
 13  wait   10 s   this is a wait statement
 14  endrep   t:=t+1   new variable value for inner loop
 15  endrep   s:=s+1   new variable value for outer loop
 16  repx   n:=0   This is a repeat statement which ends when a condition is met
 17  send  Mode S  DATA(PS=1, SN=1)  M-28.a  
 18  verify  Mode S  RECEIVE NOT READY  M-14.a  
 19  until   (RECEIVE NOT READY in step 18);n:=n+1   the term in ( ) holds the condition for termination
 20  do   switch off the power   a general action is introduced with do
 21  wait   10 s   
 22  do   switch on the power   
 23  record   ch:=CH of previous CALL REQUEST   to record a value of previous test
 24  await  ISO 8208  CLEAR REQUEST  I-6.a  wait until this event occurs
 postamble 25 send Mode S CLEAR CONFIRMATION, (SN:=2) M-7.a these steps form the postamble
Comments: This test case is only intended to illustrate the use of the individual elements of the test case description method. Not intended for testing.
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Table 5-3: A principal macro description

Macro Name:  M-ISO-CSCC-NORM-1 Call setup 1 of 1
Parameters: (par1,..........par n)

Context Step Actio
n

PCO Action Qualifier Ref Comment

macro 1  send  ISO
8208

 CALL REQUEST(LCI:= par1)  I-1.a  Virtual call setup by DTE

 2  verify  Mode S  CALL ACCEPT  M-2.a  

 3  send  ISO
8208

 CLEAR REQUEST  I-5.a  

 4 send ISO
8208

CLEAR REQUEST I-5.a

Comments: None
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5.4                     DETAILED TEST PROCEDURES

The test procedures set forth below constitute a satisfactory method of determining the required VDL Mode 4
Transceiver performance. Although specific test procedures are cited, it is recognised that other methods may be
preferred. Such alternate methods may be used if the manufacturer can show that they provide at least equivalent
information. Therefore, the procedures cited herein should be used as one criterion in evaluating the acceptability of the
alternate procedures.

5.4.1                Test-Suite Overview

The test-suite overview shown on the following pages lists the test cases by their name. The second column holds a
short description of the test case objective. The third column provides a list of ICAO Annex 10 or MOPS requirements
verified by those tests. The last column of the table lists the page numbers of this document on which the test cases can
be found.

Test Case Index
Test Case Name Description ICAO Annex10 page

Test Case Index
Test Case Name Description MOPS page
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Test Case Index
Test Case Name Description MOPS page

5.4.2                
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Declarations

For the performance of the tests the Points of Control and Observation (PCO)
need to be defined. These are:

<VDL Mode 4 PCOs to be defined>

For the test actions the PCOs are indicated in the test cases. Here stimuli are
applied and test results are observed. For details on the related test setup refer to
paragraph 5.1 of this document.

5.4.3
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Constraints

5.4.3.1             Abbreviations

a. Subfield Mnemonics:
Mnemonic Meaning

b. Special Characters used in the Subfield Definitions:
Character Meaning

- Subfield not applicable (0 bit length)
x the value of this subfield is don't care

The subfield is defined in an extra table

c.  Binary Pattern used in the Subfield Definitions:
Decimal Binary Hexadecimal Octal

5.4.3.2             VDL bursts and frames

<VDL Mode 4 burst and frame formats to be defined>

5.4.4                Test Cases

The equipment under test must be brought into the defined idle state before the
performance of the individual test cases. Each test case starts in this state and
leaves the equipment in that state after completion. The idle state is the state
which the equipment enters after successful completion of the power up sequence.
To perform several test cases in sequence the power on macro <tbd> must only be
executed at the beginning.

If an expected test result mentioned in a test step is not observed during the
execution of a test case, then the test case must be terminated and the equipment
initialized before a new test case is executed. Further verification in that test case
may not provide any valid results.



88

EUROCAE VDL Mode 4 Transceiver MOPS

5.4.4.1             Test Case Macros

The following macros are used in several test cases.

<Macros to be defined>

5.4.4.2             Test Case Descriptions

<Test case descriptions to be defined>



89

EUROCAE VDL Mode 4 Transceiver MOPS  Working DRAFT D

6                   INSTALLED EQUIPMENT PERFORMANCE

6.1                     INTRODUCTION

This chapter specifies the minimum acceptable level of performance, and test
procedures for verifying that performance, for the equipment when installed in an
aircraft.

Installed performance criteria are generally the same as those contained in chapter
3, which were verified through bench and environmental tests. However, certain
performance parameters may be affected by the physical installation (e.g. antenna
patterns, receiver sensitivity etc.) and can only be verified after installation. The
installed performance limits specified below take these situations into
consideration.

6.2                     EQUIPMENT INSTALLATION

6.2.1                Accessibility

Where controls or monitors are provided for in-flight operation, they shall be
readily accessible from the appropriate operator's normal seated position.  The
operator/crew member(s) shall have an unobstructed view of the display(s) or
controls when in the normal seated position.

6.2.2                Aircraft Environment

Equipment shall be compatible with the environmental conditions present in the
specific location in the aircraft where the equipment is installed.

6.2.3                Display Visibility

Where cockpit displays are provided, they shall be readily visible and readable
from the operator's/crew member's normal position in all ambient lighting
conditions for which system use is required.

NOTE: Visors, glare shields or filters may be an acceptable means of obtaining
daylight visibility.

6.2.4                Inadvertent Turn Off

Where controls for VDL Mode 4 Transceiver operation are provided, they shall be
equipped with adequate protection against inadvertent turn off.

6.2.5                Failure Protection

Any foreseeable failure of the VDL Mode 4 Transceiver function shall not degrade
the normal operation of the transceiver or any other systems connected to it.
Likewise, the failure of interfaced equipment or systems shall not degrade normal
operation of this equipment.
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6.2.6                Interference Effects

The equipment shall not be the source of harmful conducted or radiated
interference, nor be adversely affected by conducted or radiated interference from
other equipment or systems installed in the aircraft.

NOTE: Interference problems noted upon installation of this equipment may
result from such factors as the design characteristics of previously
installed systems or equipment and the physical installation itself.  It is
not intended that the equipment manufacturer designs for all
installation environments. The installing facility will be responsible for
resolving any incompatibility between this equipment and previously
installed equipment in the aircraft.

6.2.7                Aircraft Power Source

The voltage and frequency tolerance characteristics of the equipment shall be
compatible with the aircraft power source of appropriate category as specified in
EUROCAE ED-14C/RTCA DO-160C.

6.3                     INSTALLED EQUIPMENT PERFORMANCE REQUIREMENTS

The installed equipment shall meet the requirements of Chapters 2 and 3 in
addition to the requirements stated below.

<Any additional performance requirements to be inserted here>

6.4                     CONDITIONS OF TEST

The following subsections define conditions under which tests, specified in
section 6.5, shall be conducted.

6.4.1                Power Input

Unless otherwise specified, tests shall be conducted with the equipment powered
by the aircraft’s electrical power generating system.

6.4.2                Associated Equipment or Systems

Unless otherwise specified, all aircraft electrically operated equipment and
systems shall be turned on, and where possible operating, before conducting
interference tests.

6.4.3                Environment

During the tests, the equipment shall not be subjected to environmental conditions
that exceed those in EUROCAE ED-14C / RTCA DO-160C as specified by the
equipment manufacturer.
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6.4.4                Adjustment of Equipment

Circuits of the equipment under test shall be properly aligned and otherwise
adjusted in accordance with the manufacturer's recommended practices prior to
application of the specified tests.

6.4.5                Warm Up Period

Unless otherwise specified, tests shall be conducted after a warm-up (stabilisation)
period of not more than fifteen minutes.

<Any additional test conditions to be inserted here>

6.5                     
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TEST PROCEDURES FOR INSTALLED EQUIPMENT PERFORMANCE

The following test procedures provide one means of determining installed
equipment performance.

Although specific test procedures are prescribed, it is recognised that other
methods may be preferred by the installer/manufacturer. Such alternative
procedures may be used if they provide at least equivalent information, in which
case, the procedures described in this chapter should be used as one criterion in
evaluating the acceptability of the alternative procedures.

6.5.1                Ground Test Procedures

6.5.1.1 Conformity Inspection

a. Visually inspect the installed equipment to determine the use of acceptable
workmanship and engineering practices.

b. Verify that proper mechanical and electrical connections have been made
and that the equipment has been located and installed in accordance with
the manufacturer's recommendations.

6.5.1.2 Interference Tests

a. With all equipment energised, individually operate each of the other
electrically operated aircraft equipment and systems to determine that no
significant levels of conducted or radiated interference exist.

b. Evaluate all combinations of control settings and operating modes.

c. Operate communication and navigation equipment on the lowest, highest
and at least one but preferably four mid-band frequencies.

d. Make note of systems or modes of operation that should also be evaluated
during flight.

e. If appropriate, repeat the tests using emergency power with the aircraft’s
batteries alone and the inverters operating.

6.5.1.3 Power Supply Fluctuation Test

a. With the equipment operating, cycle the aircraft engine(s) through all
normal power settings, and verify the proper operation of the equipment as
specified by the equipment manufacturer.

b. Operate any aircraft control and system which may cause power
fluctuations.  Verify that the equipment continues to operate without re-
initialisation.
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6.5.1.4 Interface Conformance Tests

The objective of these tests is to verify that all interfaces to the VDL Mode 4
Transceiver perform their intended functions and the equipment configuration is
compatible with the specific installation.

NOTE: These tests can be performed by using a portable (non-connected)
ground VDL Mode 4 simulator.

<Interface conformance tests to be defined>

If, in an installation with more than one VDL Mode 4 Transceiver, cross-coupling
is foreseen between devices then the intended function of the related cross-link
shall be verified (cf. paragraph 2.8.1).

6.5.2                Flight Test Procedures

6.5.2.1 Displayed Data Readability

Determine that normal conditions of flight do not significantly affect the
readability of the displayed data.

6.5.2.2 Interference Effects

a. For aircraft equipment and systems that can be checked only in flight,
determine that significant levels of conducted or radiated interference do
not exist.

b. Evaluate all combinations of control settings and operating modes.

c. Operate communications and navigation equipment on the lowest, highest
and at least one but preferably four mid-band frequencies.

<Define any additional flight test procedures here>

- END -
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