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1. 
INTRODUCTION

This document provides the interoperability requirements (INTEROP) standard for the  implementation of the ‘Automatic Dependent-Broadcast (ADS-B) in Non-Radar Areas’ application, henceforth referred to ADS-B-NRA. This application is one of the set of applications grouped under the name Package 1 of Air Surveillance Applications/Ground Surveillance Applications (ASA/GSA).  

This document was developed in accordance with the criteria for INTEROP standards set forth in EUROCAE ED-78A/RTCA DO-264, “Guidelines for Approval of the Provision and Use of Air Traffic Services Supported by Data Communications”.

This document specifies the minimum set of interoperability requirements and allocations necessary to provide assurance that the elements of the communication, navigation, and surveillance/ air traffic management (CNS/ATM) system are compatible with each other and will perform their intended function for ADS-B-NRA. The system elements are composed of the aircraft system, the air traffic service provider (ATSP) system, and the operator’s provisions to use the air traffic services. 

1.1 Purpose

The purpose of this document is to define the set of requirements for the interoperability aspects of the ADS-B-NRA application. It is intended for use in conjunction with a consistent safety and performance requirement standard, other INTEROP standards, and the guidelines described in ED-78A/DO-264 for each approval type associated with the elements of the CNS/ATM system.

NOTE 1: Based on ED-78A/DO-264, INTEROP and SPR standards provide recommendations intended for government organizations, conferences of governments, or agencies having statutory jurisdiction over the use and provision of air traffic services supported by data communications. These recommendations are for use by such government organizations to enunciate official policy, related to such matters, in aeronautical information publications (AIPs), notices to airmen (NOTAMs), airplane flight manuals (AFMs), and operator specifications. 

NOTE 2: This standard is not intended to contain detailed requirements on avionics and/or ground equipment. Such requirements can be found in specialised documents (e.g.: MOPS and Interface Control documents). 

1.2 Scope

The scope of the application and this document is for ATS use of ADS-B in Non Radar Areas.

ADS-B is an aircraft system that periodically transmits a state vector (horizontal and vertical position, horizontal and vertical velocity) and other information. ADS-B is automatic because no external stimulus is required; it is dependent because it relies on on-board navigation sources and on-board broadcast transmission systems to provide surveillance information to other users. The aircraft originating the broadcast may or may not have knowledge of which users are receiving its broadcast; any user, either aircraft or ground based, within range of this broadcast, may choose to receive and process the ADS-B surveillance information.

NOTE 1: During the course of the SPR analysis of the ADS-B NRA application it was found that DO-242 requirements are sufficient, under the conditions specified below, to support the NRA application.

 It is important for users of this document to be aware that DO-242 is not satisfactory for many other envisioned applications of ADS-B.

While DO-242 compliant equipment will be satisfactory for the NRA application for the very near term, the committee strongly recommends that users, regulators, and manufacturers move forward with implementations and approvals of DO-242A requirements in the most expeditious manner possible.

NOTE 2 :The US programme for the use of ADS-B  plans to require fitting with DO-242A compliant equipment starting in 2008. 

1.3 Relationship to other documents

This INTEROP standard is based upon the guidance of ED-78A/DO-264. This INTEROP standard can be used as evidence of the interoperability assessment, which is part of the coordinated requirements determination process. This evidence provides the basis for qualifying the interoperability aspects of elements of the CNS/ATM system. Additional criteria for qualifying the interoperability aspects of an element of the CNS/ATM system to the INTEROP standard can be found in ED-78A/DO-264. 

This INTEROP document does not address safety or performance. These types of requirements are covered in the appropriate safety and performance requirements standard (SPR), which are the products of the operational safety assessment (OSA) and the operational performance assessment (OPA), and are based on the operational services and environment definition (OSED). The OSA determines, validates, and allocates requirements to ensure that the CNS/ATM system, as described in the OSED, is acceptably safe. The OPA derives and/or validates required surveillance performance. Applicants will have to show for approval that this INTEROP standard is viable for the relevant SPR standards per Section 5 and 6 of ED-78A/DO-264. 

1.4 How to use this document

1.4.1 Mandating  and Recommendation Phrases

The document contains "shall" and "should" statements with the following meanings: 

· The document provides "shall" statements to ensure compatible and interoperable systems for the ADS-B-NRA application. The use of the word "shall" indicates a mandated criterion; i.e. compliance with the criterion is mandatory and no alternative may be applied; 

· The use of the word "should" indicates that though the criterion is regarded as the preferred option, alternative criteria may be applied. In such cases, alternatives should be identified in appropriate approval plans and agreement sought from the approval authority; and 

· The use of the word "will" describes expected system behaviour when the system complies with the references requirements, and/or this document's requirements. 

1.4.2 Document Organization

Section 1 provides an introduction to the Interoperability Requirements Standard for ADS-B-NRA (INTEROP ADS-B-NRA).

Section 2 describes ADS-B-NRA in terms of its main components and functions.

Section 3 defines the air and ground interoperability requirements for the ADS-B-NRA  application.

Annex A provides the interoperability specifications for the ADS-B-NRA application utilizing 1090 MHz Mode-S extended squitter.

NOTE 1: This technology is proposed by ICAO for global use in the near-term ADS-B applications, see the recommendation from the ICAO Eleventh Air Navigation Conference (ANC/11) in Montreal, 22 September to 3 October 2003
‘Recommendation 7/1 — Strategy for the near-term introduction of ADS-B

That States:

a)
note that a common element in most of the approaches currently adopted for early implementation of ADS-B is the selection of the SSR Mode S extended squitter as the initial data link; and

b) take into account this common element to the extent possible in their national and regional implementation choices in order to facilitate global interoperability for the initial introduction of ADS-B’.

NOTE 2: Other technologies may be applied on a regional basis. 

NOTE 3: The airborne system hardware supporting this application can be a stand-alone ADS-B unit, or alternatively, ADS-B may be incorporated within other on-board equipment.
1.4.3 Acronyms and Abbreviations

The following list gives an inventory of acronyms frequently used in documents dealing with the context of ADS-B and Mode S, not all necessarily appear in this document:

1090ES - 1090Mhz Extended squitter

AC - Advisory Circular

ACARS - Aircraft Communications, Addressing and Reporting System

ADS - Automatic Dependent Surveillance

ADS-B - Automatic Dependent Surveillance-Broadcast

AIP - Aviation Information Publications

ANC - (ICAO) Air Navigation Conference
ARINC - ARINC Incorporated (formally Aeronautical Radio Incorporated)

ASA - Air Surveillance Applications

ATM - Air Traffic Management

ATS - Air Traffic Services

ATIS - Automatic Terminal Information Service

BDS - Comm-B Data Selector

BER - Bit Error Rate

BNR - Binary Numbers

BW - Bandwidth

CNS - Communications, Navigation and Surveillance

CDTI - Cockpit Display of Traffic Information

CRC - Cyclic Redundancy Check

EPU - Estimated Position Uncertainty

ETA - Estimated Time of Arrival

EUROCAE - European Organization for Civil Aviation Equipment

FAA - Federal Aviation Administration

FAR - Federal Aviation Regulation

FD - Fault Detection

FDE - Fault Detection and Exclusion

FMS - Flight Management System

GNSS - Global Navigation Satellite System

GPS - Global Positioning System

GSA - Ground Surveillance Applications

Hz - Hertz

IAS - Indicated Airspeed

ICAO - International Civil Aviation Organization

IFR - Instrument Flight Rules

ILS - Instrument Landing System

INS - Inertial Navigation System

ITU - International Telecommunication Union

JAA - Joint Aviation Authorities

JAR - Joint Aviation Requirements

LSB - Least Significant Bit

MASPS - Minimum Aviation System Performance Standards

MHz - Megahertz

MOPS - Minimum Operational Performance Standards

MTBF - Mean Time Between Failure

NAC P - Navigational Accuracy Category-Position

NAS - U.S. National Airspace System

NAV - Navigation

NAVAID - Navigation Aid

NIC - Navigation Integrity Category

NOTAM - Notice to Airmen

NRA - Non Radar Area

NUCp - Navigation Uncertainty Category - Position

OPA - Operational Performance Assessment

OSA - Operational Safety Assessment

RAIM - Receiver Autonomous Integrity Monitoring

RCP - Required Communication Performance

Rc - Integrity Containment Radius

RF - Radio Frequency

RMP - Required Monitoring Performance

RNP - Required Navigation Performance

RSP - Required System Performance

SARPS - Standards and Recommended Practices

SIL - Surveillance Integrity Level

SPI - Special Pulse Ident

SPR - Safety and Performance Requirements

SSR - Secondary Surveillance Radar

TAS - True Airspeed

TIS - Traffic Information Service

TIS-B - Traffic Information Service-Broadcast

TMA - Terminal Manoeuvring Area

TSO - Technical Standards Order

UTC - Coordinated Universal Time

VEPU - Vertical Estimated Position Uncertainty

VHF - Very High Frequency

VPL - Vertical Protection Limit

WGS-84 - World Geodetic System 1984

1.5 References

The references cited or used in this INTEROP standard are listed below:

· for sections 1 to 3

ICAO Doc 4444, PANS-ATM, 14th edition 2001

EUROCAE ED78A/RTCA DO264, Guidelines for Approval of the Provision and Use of Air Traffic Services supported by Data Communications;

EUROCAE ED???/RTCA DO???,  ADS-B-NRA Safety and Performance Requirements (SPR) description as given in the reference above. 
NOTE : The SPR also contains the Operational Service and Environment Definition (OSED)

DO-208, Minimum Operational Performance Standards for Airborne Supplemental Navigation Equipment Using Global Positioning System (GPS)

DO-229C, Minimum Operational Performance Standards for Global Positioning System/Wide Area Augmentation System Airborne Equipment

DO-242, Minimum Aviation System Performance Standards for Automatic Dependent Surveillance Broadcast (ADS‑B)
DO-242A, Minimum Aviation System Performance Standards for Automatic Dependent Surveillance Broadcast (ADS‑B)

TSO-C166 (US Department of Transportation)

· for Annex A

ICAO Annex10,VOL III Amendment 79 

NOTE : there is no change in the definitions in chapter 5 (SSR MODE S AIR-GROUND DATA LINK) against Amendment 77.  

ICAO Annex10, VOL IV, Amendment 77

DO - 181C, Minimum Operational Performance Standards for Air Traffic Control Radar Beacon System/Mode Select (ATCRBS/Mode S) Airborne Equipment
DO -260, Minimum Operational Performance Standards for 1090 MHz Automatic Dependent Surveillance – Broadcast (ADS-B) and Traffic Information Services (TIS-B)
DO - 260A, Minimum Operational Performance Standards for 1090 MHz Automatic Dependent Surveillance – Broadcast (ADS-B) and Traffic Information Services (TIS-B)
NOTE : The Mode S Extended Squitter definitions of Document DO-260  are completely covered by  the ICAO Annex 10 references given above.

2. Description and General Requirements for ADS-B-NRA

2.1 Main Components

The ADS-B-NRA functional  components represent  a subset of the components required for  the general ASA/GSA system. For the purpose of this standard, an indication of the main functional components used for the ADS-B-NRA system is provided in Figure 2-1 adapted from the OPA of the SPR of this application. The domains to be considered for interoperability allocation within the context of this standard are:

· in the aircraft system element,



the Transmit Aircraft Domain

· in the ATSP element,

the Ground Domain.

The scope of the ADS-B-NRA application is represented by the shadowed shape in the Figure.

NOTE: the air-ground link technology is not addressed in the main body.
Air and ground requirements for a specific technology are given in Annexes; e.g. Annex A for 1090 MHz extended squitter.
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Figure 2-1: Main Functional Components of the ADS-B-NRA system

The INTEROP requirements for the ADS-B-NRA application are assigned to the Transmit Aircraft Domain component and/or to the Ground Domain component
In the Transmit Aircraft Domain the following subsystems are taken into consideration for interoperability: the Surveillance Transmit Processing (STP) subsystem and the ADS-B Transmit Function. The STP subsystem takes information from other systems onboard the aircraft, then processes and stores this information for use by the ADS-B Transmit subsystem, that formats and transmits the information following the specifications of the link technology.

In the Ground Domain the following subsystems are taken into consideration for interoperability: the ADS-B Receive Subsystem and the ATC Processing System. The ADS-B Receive Subsystem accepts ADS-B information, assembles it following the ground system requirements, and forwards it to the ATC Processing System. The ATC Processing System associates the ADS-B information with internal flight plan information, when available, and prepares the data for presentation to the ground user.

NOTE : The indicated subsystems within the domains are not intended to imply a physical architecture.  The intent is to describe functional blocks to ease reader understanding of the requirements.

This standard primarily defines requirements for the output of the Transmit Aircraft Domain and the input to the Ground Domain. Each requirement may levy requirements on the subsystem of the given domain; e.g. integrity requirements for an ADS-B message impose requirements on Data Source components of the Transmit Aircraft Domain.

NOTE: No specific Aircraft Operator requirements for this application have been identified so far.

2.2 Functions of the ADS-B-NRA application

The functions of the ADS-B-NRA application executed by the Transmit Aircraft Domain and the Ground Domain are to provide enhanced Air Traffic Services in areas where radar surveillance does not exist.

Specifically the ADS-B NRA application will enhance:

· Air Traffic Control Service and Flight Information Service principally for 

Operation of air traffic control services, 

Separation minima, 

Transfer of responsibility for control, 

Air traffic control clearances, 

Scope of flight information service.

· Alerting Service, principally for: 

Notification of rescue co-ordination centres; 

Plotting of aircraft in a state of emergency: 

The functions will be enabled by a periodical provision of

· Identification data

· State Vector

· Emergency Data

· Supplementary Data (Quality, Time…)

2.3 General requirements for ADS-B-NRA

For the ADS-B-NRA application the following information shall be made available to the ATC Processing System

· Identification (containing at least the aircraft identification and/or Mode A code, and 24-bit address),

· Position (containing at least horizontal position, barometric height, quality indicators, and 24-bit  address),

· Emergency/SPI status (containing at least the emergency status indicator, SPI, and 24-bit address). 

2.3.1 Messages and Reports

ADS-B information is assembled and transmitted in ADS-B messages from air to ground.  Message formats are dependent on the link technology. The link technology specific requirements can be found in the Annex to this standard.

The ATC Receive Subsystem must receive, assemble and convert the data into a different information format, known as ADS-B reports.

From the definitions given above the following INTEROP requirements are derived:

2.3.1.1 The Transmit Aircraft Domain shall provide ADS-B messages containing at least the elements which enable the ground system to format the required ADS-B reports for the ADS-B-NRA application.

2.3.1.2 The Transmit Aircraft Domain shall provide in each ADS-B message a unique identification of the flight and/or aircraft.   

NOTE: The contents and update rates of the ADS-B messages are dependent of the link technology used; definitions for a specific technology are given in an Annex to this standard.

2.3.1.3 Recommendation: The ADS Receive Subsystem of the Ground Domain should compose ADS-B reports from the ADS-B messages received using the content of the 24-bit address field for the association of messages to each other.
2.3.1.4 Recommendation: The ADS-B Receive Subsystem should only group ADS-B messages into ADS-B reports when the ADS-B messages can be identified as coming from the same aircraft.

2.3.1.5 Recommendation: Operational identification for the end user in ATS system should be achieved by using either the aircraft identification or the mode A code.

2.3.1.6 Any ADS-B link technology shall provide a report containing operational identification information.   

2.3.2 Time Reference and Time Stamp

2.3.2.1 The ADS-B Receive Subsystem shall provide a time stamp in each ADS-B report.

2.3.2.2 For ADS-B reports containing position information, the time stamp shall represent the time of applicability of the position.

2.3.2.3 Recommendation: The time stamp for the report containing the state vector should be either the time of reception in case the received position is forwarded without change or the time of estimated applicability when an estimation process has been  applied. 

3. Requirements for the ADS-B NRA application specific information

3.1 Identification

In the ADS-B NRA application the identification within ADS-B reports is given by

· 24 bit aircraft address,

· Aircraft identification and/or Mode A code. 
Depending on the link technology, ADS-B information may be split into subsets; in this case, the 24 bit address information also permits the association of different ADS-messages.

3.1.1 24 bit aircraft address

3.1.1.1 The Transmit Aircraft Domain shall provide the 24 bit aircraft address within each ADS-B message.

NOTE :  ICAO Doc. 4444, PANS/ATM (Chapter 1, Definitions) defines the aircraft address as “a unique combination of 24 bits available for assignment to an aircraft for the purpose of air-ground communications, navigation and surveillance”.

3.1.1.2 The ADS-B Receive Subsystem shall use the aircraft address to associate separate ADS-B messages.

3.1.1.3 Recommendation: The ATC Receive Subsystem should include the aircraft address in each ADS-B report.
3.1.1.4 Recommendation: The ATC Processing System should use the aircraft address to associate ADS-B reports to radar track and, previous reports when the internal flight information includes the aircraft address.

NOTE : The ATC Processing System may use the aircraft address to associate ADS-B reports to internal flight plan  information when the internal flight plan information includes the aircraft address.

3.1.1.5 
Recommendation: The ATC Processing System should be able to detect multiple aircraft using the same aircraft address and to provide an alert to the end user.
3.1.2 Aircraft Identification and/or Mode A code

3.1.2.1 The Transmit Aircraft Domain shall provide an ADS-B message containing the aircraft identification and/or the Mode A code.
3.1.2.2 Recommendation: The ATC Receive Subsystem should include the aircraft identification and/or Mode A code in an ADS-B report.
NOTE 1: The ATC Processing System may use the aircraft identification /Mode A code to associate ADS-B reports to internal flight plan information.
NOTE 2: The ATC Processing System may use the aircraft identification /Mode A code to associate ADS-B reports to internal flight information (e.g., to a radar track).
3.1.2.3 Aircraft Identification 

As per ICAO Doc. 4444, PANS/ATM the following definitions has to be applied by the Transmit Aircraft Domain:

· (Chapter 1, Definitions) Aircraft Identification is ‘A group of letters, figures or a combination thereof which is either identical to, or the coded equivalent of, the aircraft call sign to be used in air-ground communications, and which is used to identify the aircraft in ground-ground air traffic services communications’,
· (Appendix 2, 2.2) one of the following aircraft identifications, not exceeding 7 characters:

a) the registration marking of the aircraft (e.g. EIAKO, 4XBCD, N2567GA), or

b) the ICAO designator for the aircraft operating agency followed by the flight identification (e.g. KLM511, NGA213, JTR25) when in radiotelephony the call sign to be used by the aircraft will consist of the ICAO telephony designator for the operating agency followed by the flight identification (e.g. KLM511, NIGERIA 213, HERBIE 25).

3.1.2.3.1 Recommendation: The ADS-B Transmit System should send the Aircraft Identification as alpha-numeric with no spaces in between.  Valid characters are A-Z, 0-9, and trailing spaces. 

3.1.2.4 Mode A code

NOTE: The Mode A code is intended to improve the association capabilities for the Ground Domain to ease association, for example in transitions between NRA and RAD areas.

3.1.2.4.1 Recommendation: When the ADS- B message definitions permit and when the information is available in the airborne system, the Transmit Aircraft Domain should transmit an ADS-B message containing the mode A code.

NOTE: In the US airspace the provision of the Mode A code is mandated (TSO-C166). 

3.2 Position 

The position information is represented by

· position (Latitude and Longitude),

· barometric altitude,

· quality indicators.

The Transmit Aircraft Domain shall transmit position information in a form that can be translated, without loss of accuracy and integrity, to latitude, longitude, and barometric altitude.

3.2.1 Position (Latitude and Longitude)

3.2.1.1 The Transmit Aircraft Domain and the ADS-B Receive Subsystem shall reference 
all geometric position elements to the WGS-84 ellipsoid.

3.2.2 Barometric altitude or geometric height

NOTE 1: Aircraft systems may report

a)  only barometric altitude (sometimes called ‘pressure altitude’)
or

b) only GNSS height which is sometimes called ‘geometric altitude’

or

c) barometric altitude and the difference between barometric altitude and GNSS height

In case c) the ADS-B Receive Subsystem may transmit both, the barometric altitude and the GNSS height to the ATC Processing System.

3.2.2.1 The Transmit Aircraft Domain shall formulate altitude measurements as barometric altitude relative to a standard pressure of 1013.25 hectopascals (29.92in Hg).

3.2.2.2 The ADS-B Receive Subsystem shall interpret barometric altitude as altitude relative to a standard pressure of 1013.25 hectopascals (29.92in Hg). 

3.2.2.3 GNSS height (HAE) shall be interpreted by the transmitter and receiver as the height above the surface of the WGS-84 ellipsoid.

3.2.2.4 The ADS-B Receive shall indicate in the report containing altitude/height whether it is barometric or geometric information.

NOTE: As per Annex 10,VOL IV (4.3.9.3.1) it is recommend to use a source providing a resolution finer than 7.62 m (25 ft).

3.2.2.5 Recommendation: Gilham altitude encoders should not be used by aircraft implementations.

3.2.3 Quality Indicators

NOTE 1: Quality Indicators are used by the ATC Processing System to determine whether the report (and therefore the derived target position) can be used to support the intended functions such as the separation task.

NOTE2: In the following material  the term HPL  represents an integrity  containment parameter on horizontal position derived from a GNSS  source or an equivalent containment for horizontal position provided from other sources such as FMS.   

3.2.3.1 The Transmit Aircraft Domain shall provide an indication of quality for the position information.

3.2.3.2 Recommendation: The ADS-B Transmit function should send accuracy and integrity as independent items (as defined per DO-242A).

3.2.3.3 The indicators used shall be either NUC as specified in DO-242 or NIC, NAC and SIL as specified in DO-242A.

NOTE 1:  DO-242 and DO-242A also define the relationship between these parameters and the HPL and HFOM indicators when the parameters are derived from a GNSS source.

NOTE 2: In the NIC/NAC/SIL environment, when HPL is not available, NIC is set to 0. 
3.2.3.4 When NUC is used, the aircraft installation and design shall provide HPL  to the ADS-B transmit function.

3.2.3.5 When HPL and HFOM are provided, the ADS-B transmit function shall give priority to HPL.

NOTE : The quality indicator requirements are listed in section ???? of the SPR

3.2.3.6 Recommendation: The ATC Processing System should be able to detect degradation of the quality indicators and to provide an alert to the end user.
NOTE: In cases when the GNSS receiver is unable to generate HPL (e.g.: at GNSS start-up or when there are less than 5 satellites visible to calculate HPL), HFOM may be provided and used to calculate a NUC value.

Analysis in the SPR provides an assessment that the risk of this appearance is not higher than using HPL as basis.  
3.2.3.7 A distinction between NUC and NIC/NAC/SIL airborne implementations shall be provided by the Transmit Aircraft Domain. 

3.2.3.8 Recommendation: The NUC/NIC values should be determined using the HPL value of a DO-208 GNSS receiver or  a DO-229C GNSS receiver or equivalent.
3.2.3.9 Recommendation: The NAC values should be determined using the HFOM value of a DO-208 or a DO-229C GNSS receiver or equivalent.
NOTE: When the ADS-B Transmit Function cannot calculate SIL, SIL  is set to value of 2 for GNSS installations with software/hardware assurance level C or else SIL is set to 0.

3.3 Emergency/SPI indicators

3.3.1 Emergency Indicators

3.3.1.1 The Transmit Aircraft Domain shall provide an indicator when the aircraft system is indicating that it is in an emergency mode. 

3.3.1.2 The aircraft system shall provide to the Transmit Aircraft Domain an indication when one or more emergency condition(s) is set (general emergency indication).

3.3.1.3 When the aircraft system provides emergency functionality, distinct Emergency indicators shall be transmitted at least when the crew selects on ATC control panel an emergency code, as defined in Emergency procedures of ICAO Amendment 77, Annex 10, VOL IV, § 2.1.4.2 and 2.1.4.3 (mode A code 7500, 7600, or 7700).

3.3.1.4 The Transmit Aircraft Domain shall transmit the Emergency indicator(s) while an emergency code is selected 

3.3.1.5 Recommendation: Avionics providers should implement distinct Emergency indicators. 

3.3.1.6 
The Ground Domain shall use the Emergency indicators provided in ADS-B NRA reports to indicate an emergency state to the end user (controller).

3.3.1.7 When distinct Emergency indicators are provided, the distinct indications shall be provided to the Ground Domain.  

3.3.2   Special Indication (SPI)

NOTE: The SPI is intended to improve the identification capabilities of a given target for the Ground end user (controller).

3.3.2.1 When the aircraft system provides this functionality, the Transmit Aircraft Domain shall send an indicator when the aircraft system is indicating that the special pulse identification (SPI) is set.

3.3.2.2 When provided by the aircraft element, the Ground Domain shall use the SPI information provided in ADS-B NRA reports to indicate the state to the end user (controller).

3.4 Ground Velocity

NOTE: Ground velocity is required as essential parameter for the end user within the ADS-B-NRA application. But there is no requirement that ground velocity has to be derived from downlinked data. 

3.4.1 Recommendation: When the link technology provides aircraft derived ground velocity, the data should be used by the Ground Domain. 

3.5       Other Ground Domain specific Requirements for the ADS-B NRA application

3.5.1 Recommendation: The ADS-B NRA Ground Domain should provide an indication whether the ADS-B-NRA function (i.e. affecting all a/c) is working properly or not.

3.5.2 Recommendation: The functionality indication should take into consideration all subsystems of the ground installation.
3.5.3 Recommendation: The ATC Processing System should contain an ageing function for information derived from the ADS-B-NRA application.

3.5.4 Recommendation: The ATC Processing System should ensure that reports with an age exceeding a defined value are not displayed any longer.

3.5.5 Recommendation:  The ATC Processing System should contain a monitoring function to detect mismatches between the ATC clearance and ADS-B reported altitude.

Annex A ADS-B NRA with 1090 MHz technology

Requirements for 1090 MHz 
Extended Squitter for the 
ADS-B-NRA application
A.1 General Information on 1090 MHz Extended Squitter ADS-B

NOTE:  For the Mode S Extended Squitter definitions, DO-260 is equivalent to ICAO Annex 10, Amendment 79,VOL III and Amendment 77, VOL IV. For the purpose of this document both references are addressed to ease understanding for the reader.  

A.1.1 Broadcast Message Characteristics

This section describes data formats and control parameters that shall be used for communications using Mode S specific services on 1090 MHz media. 

The format characteristics of ADS-B messages (DF = 17 or DF = 18) shall be as defined in the figure below, extracted from Figure 2-2 in DO-260A,.

NOTE: Figure 2.2 of DO-260, Figure2.5 of DO-181C, and §3.1.2.8.6 of ICAO Annex 10, Amendment 77, VOL IV are identical.
	BITS
	1 – 5
	6 – 8
	9 – 32
	33 – 88
	89 – 112

	DF = 17
	DF (5 bits)
	CA (3 bits)
	AA (24 bits)
	ME (56 bits)
	PI (24 bits)

	DF = 18
	DF (5 bits)
	CF (3 bits)
	AA (24 bits)
	ME (56 bits)
	PI (24 bits)


DF: Downlink format 17 and 18 are reserved for extended squitter

CA/CF: Capability field

AA: ICAO 24 bits address

ME: Message extended squitter

PI: Parity/Identity

The content of BDS registers (Comm-B Data Selector) described in this INTEROP document is inserted in the ME field as per DO-260 §2.2.3.2.1.6, ICAO Annex 10, Amendment 77 VOL IV §3.1.2.8.6.3, DO-181C §2.2.16.2.6.2.2 and DO-260A §2.2.3.2.1.6

BDS registers content is defined in DO-260 Tables A-1 to A -12, ICAO Annex 10, Amendment 79, VOL III, appendix to chapter 5, tables 2-5 to 2-9 and 2-97 to 2-101. Definitions of BDS content is also defined in DO-260A, tables A-1 to A-12.

Each BDS register is structured as indicated below:

	DF = 17
	DF (5 bits)
	CA (3 bits)
	AA (24 bits)
	ME (56 bits)
	PI (24 bits)



	Type Code (5 bits)
	Data / parameters (51 bits)


The type code indicates the type of message transmitted, and thus the type of data in the “data / parameters” field. The type code is defined in DO-260 Table A-2/ICAO Amendment 79, VOL III, §2.3.1 and table A-2 in DO-260A.The table below indicates the correspondence between the type code and the message type. 

	Type Code (5 bits)
	Message type

	1 to 4
	Identification (BDS 0,8)

	5 to 8
	Surface position (BDS 0,6)

	9 to 18 and 20 to 22
	Airborne position (BDS 0,5)

	19
	Airborne velocity (BDS 0,9)

	23
	Subtype 7: Mode A code

	24
	Surface System status

	25 to 27
	Reserved

	28
	Subtype 1: Extended squitter status (emergency status, BDS 6,1)

	29
	Subtype 0: Target state and status (BDS 6,2)

	30
	Reserved

	31
	Aircraft operational status (BDS 6,5)


Table A. 1: Type code definition

Section A.1.2 provides requirements on use of a subset of the BDS registers .

A.1.2 Formal definition 

The minimum set of surveillance parameters required for the NRA application as described in the main body of this document are:

· Identification (containing at least the aircraft identification and/or Mode A code, and 24-bit address),

· Position (containing at least horizontal position, barometric height, quality indicators, and 24-bit  address),

· Emergency/SPI status (containing at least the emergency status indicator, SPI, and 24-bit address). 

NOTE : additional parameters as  transmitted and listed below may be used for the ADS-B NRA application.

A.1.3 Set of parameters

The tables below summarize the parameters for NRA (minimum and additional requirements), and the reference to each document (ICAO Annex 10, Amendment 79 VOL III, DO-260, and DO-260A). 

A.1.3.1 The minimum set of parameters that shall be provided to support the NRA application are:

	Parameter
	BDS register
	DO-242
	DO-242A

	
	
	ICAO Amendment 79, VOL III, App to chap 5


	DO-260
	DO   DO-260A

	Aircraft identification
	0.8
	§2.3.4
	§2.2.3.2.5
	§2.2.3.2.5

	SPI
	0.5
	§2.3.2.6
	§2.2.3.2.3.2
	§2.2.3.2.3.2

	Emergency indicator
	0.5
	§2.3.2.6
	§2.2.3.2.3.2
	§2.2.3.2.3.2

	Barometric altitude
	0.5
	§2.3.2.4
	§2.2.3.2.3.4
	§2.2.3.2.3.4

	Quality indicator 
	0.5
	§2.3.1
	§2.2.3.2.3.1
	§2.2.3.2.3.1

	Airborne Position
	Latitude
	0.5
	§2.3.2.3
	§2.2.3.2.3.7
	§2.2.3.2.3.7

	
	Longitude
	0.5
	§2.3.2.3
	§2.2.3.2.3.8
	§2.2.3.2.3.8


Table A. 2: Minimum requirements for ADS-B NRA application 

NOTE: Any message defined in ICAO Annex 10, Amendment 79, VOL III, DO-260 or DO-260A may be transmitted.

A.1.3.2 Recommendation: The following parameters should be transmitted to support ADS-B NRA. 

	Parameter
	BDS register
	DO-242
	DO-242A

	
	
	ICAO Amendment 79, VOL III, app to chap 5
	DO-260
	DO-260A

	Emergency status
	6.1
	Table 2-97
	§2.2.3.2.7.9
	§2.2.3.2.7.8

	Airborne Ground Velocity 
	0.9
	§2.3.5
	§2.2.3.2.6
	§2.2.3.2.6

	Version Indicator
	6.5
	No definition
	No definition
	§A.1.4.10.5


Table A. 3: Additional requirements for ADS-B NRA application

A.1.3.3 Recommendation: The following parameter should be transmitted to support ADS-B NRA in airspace that requires it. 

	Parameter
	BDS register
	DO-242
	DO-242A

	
	
	ICAO Amendment 79, VOL III, app to chap 5
	DO-260
	DO-260A

	Mode A code
	Type 23, subtype 1
	No definition
	No definition
	§2.2.3.2.7.3


Table A. 4: Requirement for specific airspace

A.1.4 Aircraft identification

A.1.4.1 When the flight identification is available, it shall be transmitted. The aircraft shall encode it in BDS 0.8 as defined in ICAO Annex 10, Amendment 79, VOL III, table 2-8. 

A.1.4.2 Recommendation: When the flight identification is not available, the aircraft registration should be transmitted. The aircraft shall encode the flight identification in BDS 0.8 as defined in ICAO Annex 10, Amendment 79, VOL III, table 2-8

NOTE: ADS-B Receive Subsystem must consider that in specific conditions neither flight identification nor aircraft registration may be provided.

A.1.4.3 Characters used for flight identification or aircraft registration shall be encoded as defined in ICAO Annex 10, Amendment 77, VOL IV, § 3.1.2.9

NOTE: For the sections above, the definitions in DO-260 and DO-260A are identical as given in reference

A.1.4.4 The transmission rate of the Aircraft identification shall be as defined in DO-181C, § 2.2.16.2.6.2.3.d

A.1.4.5 The Mode A code shall be encoded in BDS type 23, subtype 7, as defined in DO-260A, § 2.2.3.2.7.3 

A.1.4.6 The transmission rate of the mode A code shall be as defined in DO-260A, § 2.2.3.3.1.4.4 

A.1.5 Special identification (SPI)

A.1.5.1 A special pulse identification shall be transmitted when the crew presses the IDENT button on ATC control panel, as defined in SPI procedures of ICAO Annex 10, Amendment 77, VOL IV, § 3.1.1.6.3

A.1.5.2 The activation of the SPI shall change the encoding of the surveillance status field in the airborne position message (BDS 0.5), as defined in ICAO Amendment 79, VOL III, appendix to chapter 5, § 2.3.2.6, and table 2-5.

NOTE: For the sections above, the definitions in DO-260 and DO-260A are identical as given in reference ???.
A.1.5.3 The SPI transmission rate shall be as defined in DO 181C, §2.4.2.2.3

The surveillance status field shall indicate the special identification during a period between 15 to 30 seconds, as defined in ICAO Annex 10, Amendment 77, VOL IV, § 3.1.1.7.13 

A.1.6 Airborne position (latitude and longitude)

A.1.6.1 Airborne position shall be encoded as per ICAO, Annex 10, Amendment 79 VOL III § 2.3.2

NOTE: For the section above, the definitions in DO-260 and DO-260A are identical as given in reference ???
A.1.6.2 Airborne position shall be referenced to WGS-84.
A.1.6.3 The transmission rate of airborne position shall be as defined in DO-181C §2.2.16.2.6.2.3.b

A.1.7 Quality of information

NOTE 2: In the following material the term HPL represents an integrity containment parameter on the horizontal position derived from a GNSS source or an equivalent containment for horizontal position provided from other sources such as FMS.  

A.1.7.1 For implementations following DO-260/ ICAO Annex 10 VOL III, the Quality of information data is called NUC and is encoded in the Type code of the DF17/18 messages (see ICAO Annex 10, Amendment 79, VOL III, §2.3.1) 

NOTE: For the section above, the definition in DO-260 is identical as given in reference

A.1.7.2 When  NUC is used, the aircraft installation and design shall provide HPL to the ADS-B transmit function

A.1.7.3 For implementations following DO-260A, the Quality of information data shall be determined from NIC, NAC & SIL.

A.1.7.4 NIC & SIL shall be encoded as defined in DO260A §2.2.3.2.3.1.1.

A.1.7.5 NAC shall be encoded as defined in DO-260A §2.2.3.2.7.2.7

A.1.8 Emergency indicators

A.1.8.1 General indicator

A.1.8.1.1 The aircraft shall send an indicator when it is in emergency mode in BDS 0.5

A.1.8.1.2 At least the selection of code 7500, 7600 or 7700 on ATC control panel shall change the encoding of the surveillance status field in airborne position message, as defined in ICAO Amendment 79, VOL III, appendix to chapter 5, § 2.3.2.6, and table 2-5

NOTE: For the section above, the definitions in DO-260 and DO-260A are identical as given in reference ???
A.1.8.1.3 The transmission rate for emergency indicators shall be as defined in DO-181C, §2.2.16.2.6.2.3.b

A.1.8.2 Specific emergency indicators

A.1.8.2.1 Recommendation: specific emergency type should be transmitted in BDS 6.1 subtype 1.

A.1.8.2.2 The specific emergency indicator  shall be encoded as defined in ICAO Annex 10 Amendment 79 VOL III appendix to chapter 5, § 2.3.8, and table 2-97.
A.1.8.2.3 The transmission rate of BDS 6.1 shall be as defined in DO-260A §2.2.3.3.2.6.3

NOTE: For the sections above, the definitions in DO-260, DO-260A and Annex 10 Amendment 79, VOL III are identical as given in reference ???.
A.1.9 Barometric altitude

A.1.9.1 Barometric altitude shall be encoded as per ICAO Annex 10, Amendment 79,  VOL III, § 2.3.2.4

NOTE: For the section above, the definitions in DO-260 and DO-260A are identical as given in reference

A.1.9.2 The transmission rate for barometric altitude shall be as defined in DO-181C, §2.2.16.2.6.2.3.b

A.1.10 Ground velocity

NOTE: Ground velocity is not a parameter of the minimum subset and it is not mandated for the ADS-B-NRA application. 

A.1.10.1 Ground velocity shall be encoded as per ICAO, Annex 10, Amendment 79, VOL III, § 2.3.5, subtype 1 and 2

NOTE: For the section above, the definitions in DO-260 and DO-260A are identical as given in reference

A.1.10.2 The transmission rate for ground velocity shall be as defined in DO-181C, §2.2.16.2.6.2.3.e

NOTE: The quality indicator for velocity (NACv) is out of the scope of this document.

A.1.11 Version Indicator (Distinction between ICAO Annex 10, Amendment  79, VOL III and DO-260A avionics implementations)

A.1.11.1 The indication that the installation is compliant with DO-260A shall be provided  in the field “version number” in BDS 6.5, as defined in DO-260A §A.1.4.10.5.
A.1.11.2 The transmission rate for BDS 6.5 shall be as defined in DO-260A §A.1.4.10.1.
A.1.11.3 The ADS-B Receive Subsystem shall use the value of version number field in BDS 6.5 to distinguish a DO-260/Annex 10 Amendment 79 VOL III from a DO-260A compliant installation.







