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DRAFT IDENTIFIED REQUIREMENTS FOR NAVIGATION/SURVEILLANCE DATA LINKSDRAFT IDENTIFIED REQUIREMENTS FOR NAVIGATION/SURVEILLANCE DATA LINKS

1. IntroductionIntroduction

1.1 The Aeronautical Mobile Communications Panel (AMCP) is tasked with developing
Standards and Recommended Practices (SARPs) for a navigation/surveillance data link.  This data link is
intended to support, as a minimum, the following broadcast services: 

a) Ground-basedGround-based global navigation satellite system (GNSS) augmentation global navigation satellite system (GNSS) augmentation.  This is a
ground-to-air broadcast of differential corrections and system integrity data intended to
enhance the performance of GNSS navigation systems, and to allow its use during
precision approach and landing.  This application will be referred to as differential
GNSS (DGNSS) in this document.

b) Automatic dependentAutomatic dependent surveillance broadcast (ADS-B) surveillance broadcast (ADS-B).  This is an aircraft broadcast
intended for air-to-air and air-to-ground transfer of information about aircraft position,
velocity, and time (along with additional auxiliary information that may be desirable).
This application may be considered in multiple application domains including
A-SMGCS applications.

c) Traffic informationTraffic information service-broadcast (TIS-B) service-broadcast (TIS-B).  This is a ground-to-air broadcast of
correlated surveillance information intended to support a cockpit display of traffic
information (CDTI).  TIS-B may be used in a stand-alone mode or as a supplement to
ADS-B.

1.2 Additionally, it is considered desirable to include the data link requirements of the flightflight
informationinformation service-broadcast (FIS-B) service-broadcast (FIS-B).  This is a ground-to-air broadcast of weather information and other
data.  In aggregate, this service provides an equivalent function to automatic terminal information service
(ATIS).

1.3 Airborne equipment compliant with these SARPs shall be capable of data transmission and
reception (note that ADS-B requires airborne transmission and reception, while local-area DGNSS broadcast,
TIS-B and FIS-B require airborne reception).  Some of the applications to be supported via navigation/
surveillance data links may require point-to-point communications for, inter alia, negotiations of airborne
collision avoidance system (ACAS) functionality, communications control, FIS information request and
response.  The navigation/surveillance data links may support other broadcast and point-to-point
communications functions that are synergistic with a predominantly broadcast data link system
(i.e. point-to-point services which do not require the performance features of the integrated voice and data
(IVAD) TDMA system combined with the aeronautical telecommunications network (ATN) protocol stack).
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Point-to-point and bi-directional communications, in some data link architectures, may yield greater flexibility
and utility in regard to the basic broadcast services which drive the operational concept and system design.

1.4 This paper presents a minimum set of candidate operational requirements for navigation/
surveillance data links.  Over-all requirements for the data links are based on the four currently-identified
broadcast data link services noted above, with requirements summarized in Table 1.  Supporting rationale is
provided in Section 2.  Derived requirements are summarized in Table 2 and are discussed in Section 3.
Information contained in the table and supporting rationale has been extracted from material produced by the
appropriate ICAO body currently active in the development of the specific application identified.  The reader
is cautioned to validate the accuracy and currency of the information presented by contacting appropriate
ICAO bodies before implementing a design since the requirements are in a draft status.

Table 1.  Operational requirements for navigation/surveillance data linksTable 1.  Operational requirements for navigation/surveillance data links

CharacteristicCharacteristic DGNSSDGNSS ADS-BADS-B TIS-BTIS-B FIS-BFIS-B

Interference
resistance

Required Desired Desired Desired

Spectrum
efficiency

Important Desired Desired Desired

Spectrum
availability

Must be available
(108 -
117.975 MHz)

Must be available Must be available Must be available

Regulatory
requirements

ARNS spectrum AM(R)S [TBD] [TBD]

Interoperable for
all applications

Required across
navigation
applications.  Desired
across others.

Desired Desired Desired

Directionality (on
aircraft)

Lower hemisphere Full
omnidirectional

Lower hemisphere Lower hemisphere

Environmental
requirements

All weather All weather All weather All weather

Availability 1 - 10-4 1 - 10-3 1 - 10-3 1 - 10-3

Continuity of
function

1- (4 x 10-7) for any
30 sec. period

1 - 10-4 for any
30 sec period

1 - 10-4 for any
30 sec period

1 - 10-4  for any
30 sec period

Integrity 1 x 10-10 undetected
BER with 0.5 second
alert time

1 x 10-10

undetected BER
1 x 10-7

undetected BER
1 x 10-7 undetected
BER
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CharacteristicCharacteristic DGNSSDGNSS ADS-BADS-B TIS-BTIS-B FIS-BFIS-B

Maintenance of 
CNS functional
partitions

Capability to maintain CNS functional partitions is required; capability for merged
services is optional.

Siting of Ground
Equipment

Robust; unconstrained siting is a goal.

Coverage (radio
operating range)

37 km (20 NM);
6000 m altitude

60 NM
(air-to-air);
120 NM
(air-to-ground)

250 NM at high
altitude

250 NM at high
altitude

Capacity Non-saturable 1000 users 1500 targets;
nonsaturable

Non-saturable

Transmission
Mode

Broadcast Broadcast Broadcast Broadcast

Human Operability No pilot initiation required; station ID and failure warning should be available

Resilience and
Recovery
Mechanisms

Resilient with automatic recovery

Acquisition time 20 seconds at
coverage limit (full
data set acquired)

(See message
update rate)

(See message
update rate)

(See message
update rate)

Independent
Monitoring

Required Not required [to be done] [to be done]

Data Content Station ID;
differential
corrections; integrity;
way-point data

Aircraft ID; lat;
long; alt; nav
FOM; time(if
available)

Lat; long; alt.
[target ID]

National and local
weather data [other]

Message Update
Rate

Corrections, 1 Hz;
integrity, 2 Hz;
way-points, 0.05 Hz

Variable from
1 Hz down to
1/30 Hz.
Average ~
1/10 Hz.

Variable from 1
Hz down to 1/10
Hz

National ~ 5
minutes; local ~ 1
minute

Quality of Data High (see integrity) High (see
integrity)

High (see
integrity)

High (see integrity)

Low power
consumption

Desired Desired Desired Desired

Low cost Desired Desired Desired Desired
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CharacteristicCharacteristic DGNSSDGNSS ADS-BADS-B TIS-BTIS-B FIS-BFIS-B

Fast track for
SARPs

Desired Desired Desired Desired

Autonomous
operations

N/A Operable without
ground
infrastructure

N/A N/A

Table 2: Derived operational requirements for navigation/surveillance data linksTable 2: Derived operational requirements for navigation/surveillance data links

CharacteristicCharacteristic DGNSSDGNSS ADS-BADS-B TIS-BTIS-B FIS-BFIS-B

Throughput &
data rate

9 kbits/s 20 kbits/s -
402 kbits/s

13.75 -
225 kbits/s

10.6 - 195 kbits/s

Transmit/receive
capability

In consideration of the aggregate requirements of all desired services, transmit/receive
capability is required.

Probability of
message loss

[to be done] [to be done] [to be done] [to be done]

Safety critical S/W
req'ts

SEVERE/MAJOR [to be done] [to be done] [to be done]

Accuracy 0.1 meter Variable function
of flight phase and
ops.  Range is 2 m
to 2 km

[to be done] N/A

Ambiguity None allowed [to be done] [to be done] [to be done]

2. OOPERATIONAL REQUIREMENTSPERATIONAL REQUIREMENTS

2.1 Interference resistanceInterference resistance

2.1.1 Interference resistance is achieved through technical means as well as regulatory control.

2.1.2 Technical means include, inter alia, appropriate transmit power levels,
forward-error-correction coding, data validation/authentication, receiver filtering, link diversity, guard bands,
time diversity and possibly through control of antenna radiation patterns.

2.1.3 Regulatory control includes usage of protected spectrum and strict control over the number of
authorized transmitters and their operation by authorized/trained personnel.
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2.1.4 DGNSSDGNSS.  Substantial interference resistance is needed for DGNSS applications supporting
critical phases of flight such as precision approach up to and including Category III.  Potential sources of
interference include, inter alia, natural phenomena, man-made sources, industrial, domestic, and other items
of electrical or electronic equipment, aircraft in flight, vehicles or aircraft on the ground, buildings, snow
banks, or other raised objects, signal reflections and shadowing.

2.1.5 ADS-BADS-B.  Interference resistance is desired but not required.

2.1.6 TIS-BTIS-B.  Interference resistance is desired but not required.

2.1.7 FIS-BFIS-B.  Interference resistance is desired but not required.

2.2 Spectrum efficiencySpectrum efficiency

2.2.1 Spectrum efficiency is not driven by the application.  However, there is a general requirement
for RF data transmission systems to be spectrally efficient.  High spectral efficiency implies an ability to
support a given application in a compact frequency allocation.  This increases spectrum management
flexibility, and allows a greater diversity of RF services for aeronautical as well as other applications.

2.2.2 DGNSSDGNSS.  Spectral efficiency is an important factor and it is specifically noted that ICAO
standardized data links that could be considered for implementation in any ARNS frequency bands for the
GNSS data broadcast.

2.3 Spectrum availabilitySpectrum availability

2.3.1 For each application intended for data link support, individually and in aggregate, an analysis
of current and future spectrum utilization should be completed to ensure that sufficient spectrum is available to
support the intended function(s).  This should involve regulatory considerations, traffic loading from the
intended as well as competing services, design considerations for the data link(s) under consideration, and
sharing considerations.

2.3.2 DGNSSDGNSS.  Within the identified frequency band, VHF using TDMA and D8PSK as defined
in RTCA DO-217 and modified as appropriate as well as VHF using STDMA and D8PSK modified as
appropriate are recommended for further analysis.

2.4 Regulatory requirementsRegulatory requirements

2.4.1 Spectrum allocation, protection requirements and sharing arrangements with existing aviation
systems need to be considered.  The DGNSS data link may be considered a safety-of-life service, and may
therefore require special protection in frequency bands dedicated to the aeronautical radio navigation service
(ARNS).  This would limit the number of competing transmitters in the band, and provide for control of
transmitter operations through designated civil aviation authorities.  ADS-B, on the other hand, involves
transmission from many or all of the aircraft in the airspace.  This type of service is more appropriate to a
band allocated for aeronautical mobile service or aeronautical mobile (route) service.  TIS-B and FIS-B
require further study, and may offer flexibility in the level of protection required.
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2.4.2 Overall, in consideration of the various services that may be supported with navigation/
surveillance data links, a variety of protection levels will be required.

2.5 Interoperable for all applicationsInteroperable for all applications

2.5.1 Common or interoperable equipment across multiple applications will minimize pilot training
and workload factors, maintenance expense, avionics procurement costs, avionics weight and power
consumption.  Therefore, interoperability and commonality of equipment is a goal.

2.5.2 DGNSSDGNSS.  For DGNSS, the ground-based augmentation should support, as much as
possible, all precision applications including surface navigation.  In order to limit the complexity and amount
of airborne equipment that an aircraft might have to carry, a minimum number of dissimilar data links should
be used for all applications (e.g. approach, departure, surface).

2.5.3 OtherOther applications applications.  For ADS-B, TIS-B and FIS-B, it is desirable to limit the complexity
and amount of airborne equipment.  If possible, this equipment should be common with, or have common
elements with, the equipment supporting the DGNSS application.

2.6 DirectionalityDirectionality

2.6.1 The directionality (directivity) of the aircraft-mounted antenna should be appropriate for the
intended service.  For DGNSS, TIS-B and FIS-B, lower hemisphere coverage is required (360 degrees in
azimuth; all elevations below the horizon).  For ADS-B, full sphere coverage is required.  Polarization status
of the antenna(s) should be appropriate to the services supported and the associated ground equipment.

2.7 Environmental requirementsEnvironmental requirements

2.7.1 All weather operation is required.

2.8 AvailabilityAvailability

2.8.1 Availability is defined as the probability that the data link can support the intended service at
an arbitrary instant of time.

2.8.2 DGNSSDGNSS.  The availability of data communications service shall be at least 1 - 10-4.

2.8.3 ADS-BADS-B.  On the order of 1 - 10-3 for non-redundant equipment asas a goal for initial a goal for initial
operationsoperations.  Higher availability requirements could lead to a cost impact.  In consideration of the cost
sensitivity of general aviation, and the likely lack of universal equipage, a more stringent availability
requirement for basic service does not appear warranted.

2.8.4 TITIS-BS-B.  On the order of 1 - 10-3 ) for non-redundant equipment asas a goal for initial a goal for initial
operationsoperations.  Requirements for this service will be market-driven.

2.8.5 FIS-BFIS-B.  On the order of 1 - 10-3 ) for non-redundant equipment asas a goal for initial a goal for initial
operationsoperations.  Requirements for this service will be market-driven.



AMCP/4-WP/70

Appendix A to the Report on Agenda Item 5 5A-7

2.9 ContinuityContinuity

2.9.1 Continuity is defined as the probability that the data link can support the intended service
over a defined exposure interval, given that the data link was operational (and could support the intended
service) at the beginning of the exposure interval.

2.9.2 DGNSSDGNSS.  The probability of  loss of continuity of the data communication service shall be a
maximum of 4 x 10-7 in any 30 second interval.

2.9.3 Other servicesOther services.  On the order of 1 - 10-4 per flight hour asas a goal for initial operations a goal for initial operations.
Requirements for these services will be market-driven.

2.10 IntegrityIntegrity

2.10.1 The data links shall ensure integrity of data by providing positive identification of relevant
failure and/or out-of-tolerance conditions within the performance limits specified for the supported
application.  Ground equipment intended to support safety-critical operations (e.g. precision approach and
landing) shall provide protection against unauthorized access to and modification of stored and transmitted
data.

2.10.2 DGNSSDGNSS.  The integrity of the data communications service shall be at least  1 - 10-10.  The
risk portion allocated to the data links shall not exceed 1/10th of the ground segment allocation (e.g. 1 - 10-10

for Category III applications).

2.10.3 ADS-BADS-B.  On the order of 1 - 10-10.

2.10.4 Other servicesOther services.  On the order of 1 - 10-7 as a goalas a goal.

2.11 Maintenance of CNS functional partitionsMaintenance of CNS functional partitions

2.11.1 The data links should support the maintenance of CNS functional partitions.  However, the
capability for merged services may also be provided.

2.12 Siting of ground equipmentSiting of ground equipment

2.12.1 As a goal, ground equipment should be capable of being sited so as not to conflict with any
category of flight operations or be degraded by interference from any other emissions.  Siting should be
essentially independent of near and far field terrain effects and the effects of elements such as structures and
moving or stationary ground aircraft or vehicles.

2.13 CoverageCoverage

2.13.1 DGNSSDGNSS.  Signals generated by the ground-based augmentation system shall be capable of
supporting approach, landing, departing and ground operations at the airport (s) served by the ground
station.  This requirement shall be interpreted to mean a horizontal coverage extending to 37 km (20 NM)
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* ACAS will likely remain the primary collision avoidance system.  ADS-B may offer enhanced functionality
with respect to equipped aircraft, and may offer more fuel-efficient avoidance manoeuvres at long ranges.

from the ground station and a vertical coverage of 6 000 m (20 000 ft), including runway and taxiway areas.
The coverage shall be omnidirectional.

2.13.2 ADS-BADS-B.  Considerations for ADS-B include airborne co-operative surveillance, situational
awareness, collision threat identification and long-range avoidance manoeuvring.1  ADS-B may also support
ground-based surveillance in a stand-alone mode or as an adjunct to primary and secondary radar systems.  In
consideration of these factors, the data links shall support free-space propagation to 110 km (60 NM) in an
air-to-air mode and 225 km (120 NM) in an air-to-ground mode.

2.13.3 TIS-BTIS-B.  In consideration of the need to minimize ground infrastructure as well as frequency
channel assignments for this service.  The data links shall support, as a goal, propagation to 460 km
(250 NM) over an unobstructed free-space path.

2.13.4 FIS-BFIS-B.  In consideration of the need to minimize ground infrastructure as well as frequency
channel assignments for this service.  The data links shall support, as a goal propagation to 460 km
(250 NM) over an unobstructed free-space path.

2.14 Aircraft capacity (number of users supported)Aircraft capacity (number of users supported)

2.14.1 Capacity refers to the total number of aircraft supported on a data link.  If multiple frequency
channels are available, capacity may be defined separately for each service, for each channel, and for various
combinations of services and channels up to the aggregate of all services and channels.

2.14.2 DGNSSDGNSS.  The capacity shall be sufficient to accommodate any number of users.

2.14.3 ADS-BADS-B.  The data links shall provide for a minimum of 256 ADS-B users operating on the
surface of an airport, or 1 000 ADS-B users in the air.  As a goal, the data links shall provide for 1 000
ADS-B users operating in any domain.  These user counts refer to the number of users participating as
“cohorts” and aware of one another's presence.

2.14.4 TIS-BTIS-B.  The data links shall provide sufficient capacity to report on 1 500 targets at
operationally acceptable update rates, and shall be non-saturable in terms of the number of aircraft accessing
the TIS-B data link. 

2.14.5 FIS-BFIS-B.  The data links shall be non-saturable in terms of the number of aircraft accessing the
FIS-B data link.  

2.15 Transmission modeTransmission mode

2.15.1 Airborne equipment shall be capable of transmission and reception.  The primary data link
applications, DGNSS, ADS-B, TIS-B and FIS-B shall operate primarily in a broadcast mode without the
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need for a return links.  Point-to-point communications shall also be supported for, inter alia, negotiation of
ACAS functionality, communications controls and FIS information request/response.

2.16 Human operabilityHuman operability

2.16.1 There shall be no need for pilot initialization of data link services.  Station identification
should be available to the pilot.  Automatic positive indication of any failure or out-of-tolerance condition
should be given to the pilot.  In addition to these generic requirements, in the case of ground-based
transmissions, automatic positive indication of any failure or out-of-tolerance condition should be given to
ATC.

2.17 Resilience and recovery mechanismsResilience and recovery mechanisms

2.17.1 The data links shall be resilient to service disruptions.  Recovery shall be automatic.

2.18 Acquisition timeAcquisition time

2.18.1 Acquisition time can be defined in terms of receiver synchronization to data flowing on the
data link, as well as time to acquire a complete and valid set of data for a given application.

2.18.2 DGNSSDGNSS.  At the coverage limits the acquisition time for a complete and valid set of data shall
not exceed 20 seconds.

2.18.3 ADS-BADS-B.  Total acquisition time will be driven by the update rates of the users in the airspace,
and is not a top-level parameter for ADS-B.

Note.! Typical update rates are in the range of one report every 5-10 seconds.

2.18.4 TIS-BTIS-B.  Total acquisition time will be driven by the target reporting update rates
implemented in the ground station, and is not a top-level parameter for TIS-B.

Note.! Typical update rates are in the range of one correlated surveillance picture (all targets reported) every
10 seconds. 

2.18.5 FIS-BFIS-B.  Total acquisition time will be driven by the weather picture update rates implemented
in the ground station, and is not a top-level parameter for FIS-B.

Note.! Typical update rates are once every 5 minutes for the national picture; once every minute for the local
picture(s).

2.19 Independent monitoringIndependent monitoring

2.19.1 Safety-critical ground-to-air data links emissions shall be independently monitored and
verified.
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2.19.1.1 DGNSSDGNSS.  The ground transmissions of the data shall be monitored by an independent
monitoring system.  The monitoring shall include verification of data by a comparison of the transmitted data
with data derived or (for navigation data) stored by the monitoring system.  Disagreements which exceed
specified threshold levels shall cause transmission of the associated data to cease and appropriate alarm given
to the pilot.  The time to alarm shall be compatible with the appropriate integrity requirement.

2.20 Data contentData content

2.20.1 Data content shall be appropriate to the application being supported.

2.20.1.1 DGNSSDGNSS.  The data transmitted by the data links shall include station identity, differential
corrections for all satellites in view, integrity information, data base information (e.g. approach way-point data
and runway-related data such as threshold coordinates, runway length and width).

2.20.2 ADS-BADS-B.  The data shall include as a minimum the reporting platform's ICAO-unique ID,
position, altitude, and navigation figure of merit (FOM).  This circular identifies time, if available on the
aircraft, as a desirable datum.  Other discussions within AMCP and other fora indicate that aircraft call sign,
aircraft type, heading, velocity and way-point may also be considered as possible data with utility to the
receiving stations.

2.20.3 TIS-BTIS-B.  Target position, velocity, altitude at a reference time.

2.20.4 FIS-BFIS-B.  Weather data products for national (or regional) and local environments.  Other
terminal information such as runway operations, approach paths, RVR, NOTAMs, SUA status, etc.

2.21 Message update rateMessage update rate

2.21.1 The data links shall support message update rates appropriate for the service being
supported.

2.21.2 DGNSSDGNSS.  The minimum update rate for Category III operation shall be:

a) for differential corrections of all satellites in view, 1 Hz;

b) for integrity information and alerts, 2 Hz; and

c) for navigation data, once per 20 seconds.

2.21.3 ADS-BADS-B.  The minimum update rate for ADS-B depends on the flight operation being
performed.  For surface movement, guidance and control, as well as approach and departure monitoring, an
update rate of [1 Hz] is required.  For en-route and terminal area navigation, typical update rates of 0.1 -
0.2 Hz are desired (i.e. update periods of 5-10 seconds).  However, during periods of closest approach, or
when attempting to resolve a potential conflict, higher update rates may be required to support ACAS
functionality (if this application is supported via the navigation/surveillance data link).  In some cases, such as
stationary aircraft on the airport surface, update rates lower than 0.1 Hz may be tolerable. 
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2.21.4 TIS-BTIS-B.  An update rate of 0.1 Hz is required.  An update rate of 0.2 Hz is a goal.  Mixed
update rates, dependent on the operations being performed, are optional.

2.21.5 FIS-BFIS-B.  Regional or national weather information should be updated once per 5 minutes.
Local weather information and other terminal-specific information should be updated once per minute.

2.22 Quality of dataQuality of data

2.22.1 Data quality should be sufficient to meet the integrity requirements of the service being
supported.

2.22.2 Low power consumptionLow power consumption

2.22.2.1 In consideration of the need to develop avionics suitable for all classes of aircraft, power
consumption should be minimized.

2.23 Low costLow cost

2.23.1 In consideration of the need to develop avionics suitable for all classes of aircraft, cost should
be minimized.

2.24 Fast track for SARPsFast track for SARPs

2.24.1 In consideration of the need to develop and deploy standardized and certifiable data link
equipment in the near term, the data link(s) should be based on technology and protocols perceived to be
suitable for rapid standardization.

2.25 Autonomous operationsAutonomous operations

2.25.1 In consideration of the need to support ADS-B and associated situational awareness in
oceanic, polar and remote regions, as well as the need to provide for reliable service at minimal cost, the data
links shall support autonomous operations (i.e. without ground infrastructure).  Ground-controlled operations
may also be supported.

3. Derived requirementsDerived requirements

3.1 Data generation and throughput rateData generation and throughput rate

3.1.1 The data generation and throughput rate requirements estimated in this section are based on
worst case scenarios for each of the applications considered.  While the system concept for each application
must be able to meet these requirements, a scalable architecture that can serve the requirements of a smaller
market at lower cost may be considered by the system developer.

3.1.1.1 DGNSSDGNSS.  The data link application for DGNSS would provide a path for delivery of
navigation satellite correction information as well as system integrity.  To determine data throughput
requirements, the following assumptions were made:
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3.1.1.2 A full set of corrections for all satellites in view transmitted every second:

a) 20 satellites in view (GPs, GLENS, geosynchronous, other);

b) 100 bits per satellite;

c) 50 per cent overhead

d) 50 per cent growth.

3.1.1.3 SpecialSpecial requirement requirement:  Since integrity alerts may be required every 0.5 seconds, the data load
associated with differential updates must be supported in less than 0.5 seconds (i.e. to allow possible
transmission of an integrity alert within 0.5 seconds, when the alert is generated after transmission has been
initiated on a differential correction message).

3.1.1.4 ResultResult:  9 kbits/s

3.1.1.5 DiscussionDiscussion:  An update on 20 satellites is a loose upper bound for several decades at least.
However, this number may be available if future civil-controlled navigation satellites are launched and used for
precision approach.  It is not clear that all satellites in view must be supported with differential corrections at
a particular airport ! the ground station could select a “desired set” of satellites tailored to the geography of
the region, and taking account of spacecraft health, accuracy, etc.  For this reason, a maximum of 20 satellites
is considered a reasonable value for sizing purposes.  One hundred bits per satellite is liberal relative to
RTCM/SC-104 and RTCA/SC-159 (SCAT-I and WAAS); these systems require on the order of 40 to 50
bits per satellite.  However, requirements for Category II/III operation are not yet available.  Overhead is set
at 50 per cent since the DGNSS correction message is long (on the order of several kbits), and message
framing elements will therefore consume a relatively small fraction of data links capacity.  Growth is arbitrarily
set at 50 per cent relative to the sizing implied by a 20 satellite correction message.

Note.! This discussion assumes that the full GNSS augmentation message is transmitted at a rate determined
by the requirement for update of the integrity element.  However, a modular augmentation message structure
would allow different message elements to be transmitted at different rates.  This would reduce the throughput
requirement.

3.1.2 ADADS-BS-B.  ADS-B provides a broadcast service for individual aircraft to report their position
and velocity over a broadcast channel.  The projected data generation requirement for ADS-B is dependent on
several parameters as noted in Table 3-1 below.  This table is structured as a set of lower and upper bounds
leading to a range of possible data generation rate requirements for the same worst-case aircraft traffic
scenario (the LA Basin with 1 000 aircraft reporting).  To determine these requirements the following
assumptions were made:

a) the effective update rate for the ADS-B information is variable between once per
second updates (1 Hz) and once per 10 seconds (0.1 Hz);

b) the lower bound on the message size is 100 bits and the upper bound is 200 bits;
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c) the overhead allowance per message is 100 per cent; and

d) the number of airborne aircraft is 1000 and the maximum number of surface aircraft
and other vehicles on the movement area of a single airport is 250.

3.1.3 The 1 000 airborne aircraft are subdivided as follows: 250 in en-route airspace and 750 in
terminal area airspace (with a radius of 60 NM).  The 250 aircraft in en-route airspace are all assumed to
generate reports with an update rate of once per 10 seconds.  The effective report generation rate for
individual aircraft in terminal area airspace will depend on whether the aircraft is participating in precision
runway monitoring, ACAS, or standard terminal area ATC surveillance.  If ACAS is to be supported via the
navigation/surveillance data link, effective report generation rates will also depend on the specific system
implementation proposed and adopted.  Current ACAS systems employ an effective reporting rate of once per
second for aircraft within 5 NM; once per 2 seconds for aircraft within 14 NM; and once per 4 seconds for
aircraft within 30 NM.  It has been noted that current ACAS effective reporting rates are driven in part by
supported message elements and channel access procedures; future systems may or may not require similar
report generation rates.

3.1.4 The surface aircraft/vehicles are subdivided as follows:  100 moving with required update
rate of once per second and 150 stationary with required update rate of once per 10 seconds.  The lower
bounds in Table 3-1 assume one such airport in the LA Basin and the upper bound assumes two such
airports. 
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Table 3-1.  Bounds on data generation rate requirements for ADS-BTable 3-1.  Bounds on data generation rate requirements for ADS-B

Sizing parameter
Lower bounds Upper bound

(includes ACAS)ACAS excluded ACAS included*

Reporting period
assumed for analysis

Variable between 1 sec.
and 30 sec.  Average =
10 sec.

Variable between
1 second and
10 seconds.  ACAS and
moving a/c on surface at
1 Hz; en-route aircraft
and surface stationary
aircraft at 0.1 Hz. 

Fixed at 1 second

Message size 100 bits 100 bits 200 bits

Overhead 100% 100% 100%

Aggregate message
generation rate

100 per second 890 per second 1005 per second

Aggregate data
generation rate

20 kbits/s 178 kbits/s 402 kbits/s

* Current ACAS reporting rates and regimes assumed. 

3.1.5 It has been noted that, for broadcast navigation/surveillance data link(s) the required message
delivery rate and data throughput may not equal the message generation rate and data generation rate.  This
is particulary relevant to systems incorporating ACAS functionality, where message delivery rate and data
throughput to nearby aircraft is more critical than message delivery and throughput to distant aircraft.  The
required message delivery rate and throughput would depend in part on the physical layer waveform and
protocol, which would affect the ability to reuse frequency assignments within the radio horizon.
Consideration of this factor might lead to a factor of 2 reduction in required message delivery rate and data
throughput, as measured at a receiving station, for cases including ACAS functionality with reporting rates
equivalent to current systems.

3.1.6 TIS-BTIS-B.  TIS-B is a ground-to-air broadcast of surveillance data which provides cockpit
display of traffic information.  TIS-B is viewed as an adjunct to ADS-B which enables early benefits and
promotes transition.  The projected data throughput requirement for TIS-B is dependent on several
parameters as noted in Table 3-2 below.  This table is structured as a set of lower and upper bounds leading
to a range of possible data throughput requirements between 13.75 kbits/s and 225 kbits/s for the same
worst-case traffic scenario (the LA Basin with 1 000 airborne targets and 250 surface targets at one or two
airports).  The lower bound is based on individual target reports of 50 bits, 10 per cent overhead relative to
application-layer data, and a single data stream for all targets.  The upper bound employs a larger target
report and larger overhead allowance (100 bit target report with 50 per cent overhead and assumes
10 separate data streams with each data stream carrying 750 target reports (this leads to multiple reports for
each target, which adds robustness at the cost of bandwidth).  It has been noted that the multiple data streams
associated with the upper bound may or may not be time-multiplexed on a single RF frequency.  It has also
been noted that, in either scenario, surface traffic might be segregated and reported separately.
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Table 3-2.  Bounds on data throughput requirement for TIS-BTable 3-2.  Bounds on data throughput requirement for TIS-B

Sizing parameter Lower bound Upper bound

Reporting period Variable between 1 second and
10 seconds.  Average = 5
seconds.

Fixed at 5 seconds

Message size 50 bits 100 bits

Air traffic environment 1 250 aircraft 
(1 000 airborne; 250 surface)

1 500 aircraft
(1 000 airborne; 500 surface)

Number of aircraft per data stream 1 250 750

Multiplier (number of data streams
per RF carrier)

1 10

Overhead 10% 50%

Aggregate req'd throughput 13.75 kbits/s 225 kbits/s

3.1.7 FIS-BFIS-B.  FIS-B is currently viewed as a broadcast service providing weather products to
aircraft in flight, and may or may not be included in future navigation/surveillance data link(s).  One proposed
concept would employ an on-board broadcast server to personalize the received broadcast to the pilot's needs.
Data loading is based on a national or regional aggregate product and multiple local products (one per
terminal area).  The national/regional aggregate data stream is assumed to be 2.542 Mbits updated once per
300 seconds.  Each terminal area product is assumed to be 4.6 kbits updated once per 60 seconds.  Lower
bound and upper bound data throughput requirements are estimated in Table 3-3 below.

Table 3-3: Bounds on data throughput requirement for FIS-BTable 3-3: Bounds on data throughput requirement for FIS-B

Sizing parameterSizing parameter Lower boundLower bound Upper boundUpper bound

Data load for national aggregate
data stream

8 473 bits/s 8 473 bits/s

Data load for terminal area data
stream (each)

77 bits/s 77 bits/s

Multiplier 15 (terminal area only) 15 (national + terminal area)

Overhead 10% 50%

Aggregate req'd throughput 10.6 kbits/s 195 kbits/s

3.1.8 Summary of throughput and data rate considerationsSummary of throughput and data rate considerations.  In consideration of the lower and
upper bounds on data rate for individual broadcast services noted above, the aggregate data rate for all
services combined is between 50 kbits/s and 850 kbits/s.  The actualactual data rate for each service, and the
aggregate data rate for all services combined, will depend on the engineering design as well as the operational
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environment (i.e. aircraft counts, traffic loading and regional variations in demand and usage).  Multiple
frequency channels may be used, if available, to segregate functions and minimize burst data rates, signalling
bandwidth and transmitter peak power requirements.

3.2 Transmit/receive capabilityTransmit/receive capability

3.2.1 The airborne navigation/surveillance radio must be able to receive the DGNSS uplink
broadcast, TIS-B and FIS-B.  It must also be able to transmit the ADS-B.  Thus, the airborne radio must
have a transmit and receive capability.  Depending on system concept, this may be on a single channel,
independent frequency channels within a single frequency band, or independent frequency channels in different
frequency bands.

3.2.2 A similar rationale applies to the ground-based navigation/surveillance radio, leading to a
requirement for transmit as well as receive capability.

3.3 Probability of message lossProbability of message loss

3.3.1 For broadcast messages, the tolerable probability of message loss is derived from the update
rate of specific message streams at the transmitter, the channel statistics, and the mean and variance of the
required update rate at the receiver.

3.3.2 DGNSSDGNSS

3.3.3 ADS-BADS-B.  For ADS-B, the relevant parameters are the mean and variance of inter-arrival time
for valid updates.  Requirements are dependent on the operational environment and scenario, and may also
depend on the range between transmitter and receiver.  These requirements are [to be done].  Inter-arrival
time statistics depend on the update rate selected at the transmitter as well as the probability of message loss
assessed on a per-message basis.

3.3.4 TIS-BTIS-B. [to be done]

3.3.5 FIS-BFIS-B. [to be done]

3.4 Safety critical software requirementsSafety critical software requirements

3.4.1 [Severe/major for DGNSS; to be done for other services.]

3.5 AccuracyAccuracy

3.5.1 The data links shall be capable of delivering numerical data with sufficient resolution and
accuracy to support the intended operation.

3.5.1.1 DGNSSDGNSS.  The data links must support achievement of RNP accuracy requirements for
Category III precision approach and landing.  (Nominal accuracy requirement is taken as 0.1 m in
pseudorange for each satellite reported (95 per cent).)
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3.5.1.2 ADS-BADS-B.  Accuracy requirement is dependent on phase of flight per Table 3-4.

Table 3-4.  Accuracy requirements for ADS-BTable 3-4.  Accuracy requirements for ADS-B

Phase of flight Accuracy requirement (nominal, 95%)

En route ! oceanic/remote 2 km

En route ! domestic 1 km

Terminal area 100 m

Precision or non-precision approach 10 m

Surface movement 2 m

3.5.2 TIS-BTIS-B.  [to be done]

3.5.3 FIS-BFIS-B.  Not applicable.

3.6 AmbiguityAmbiguity

3.6.1 Ambiguity refers to the potential to misinterpret error-free data delivered via the data links.
For DGNSS, the data links shall provide signals which enable the position of the aircraft to be accurately
determined without ambiguity.  For other services, ambiguity requirements are [to be done].

! ! ! ! ! ! ! !


