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Summary

The purpose of this working paper is to inform participants about the status of the
deliverables foreseen for the SAM ATN Architecture Project.
References:

e CAR/SAM ATN Architecture Project (D1);

e Report of the Second Meeting of the CNS/ATM Subgroup (Mexico City, Mexico,
16-19 November 2010);

e Report of the Eighth Meeting of the GREPECAS Administration Coordination
Group - ACG/8 (Mexico City, Mexico, 26-27 January 2011);

o Sixteenth Meeting of the CAR/SAM Planning and Implementation Group -
GREPECAS/16 (Punta Cana, Dominican Republic, 28 March-1 April 2011;

e Seventh Workshop/Meeting of the SAM Implementation Group (SAM/IG/7)
RLA/06/901 Project (Lima, Peru, 10-14 May 2010);

e Study for the Implementation of a New South American Digital Network
(REDDIG); and

e Technical Specifications for REDDIG II.

ICAO strategic objectives: A — Safety
1. Background
11 The First Meeting of the CNS/ATM Subgroup (CNS/ATM/SG/1), held in Lima — Peru

from 15 to 19 March 2010 decided to adopt a project management approach to the work, instead of using
working groups, in order to ensure better coordination of ATM and CNS matters and to develop
CAR/SAM performance-based planning, with a view to implementing the global ATM system.
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1.2 The CNS/ATM Subgroup was organized into a series of four programmes, identified as
follows:

a) PBN;

b) ATFM,;

C) ATM automation and situational awareness; and

d) Ground-ground and ground-air communications infrastructure
1.3 The Ground-Ground and Air-Ground Communications Infrastructure Programme

encompassed two Projects, as follows:

a) CAR/SAM ATN Architecture (D1); and
b) ATN ground-ground and ground-air applications (D2).

14 The ACG/8 Meeting decided that the work being done by the GREPECAS AERMET,
AGA/AOP, AIM and CNS/ATM Subgroups and their Task Forces should be converted into programmes
and projects.

1.5 The GREPECAS/16 Meeting noted that the CNS/ATM Subgroup was already using a programme
and project management approach, on which the other Subgroups should base their activities.

1.6 The Programme and Project Review Committee (PPRC) was created to give shape to the
new structure of GREPECAS. That Committee will prepare the GREPECAS annual reports for approval
by the Group, using this express procedure and these reports will then be submitted by the Secretariat to
the ANC, for subsequent presentation to the Council, as appropriate.

1.7 Another decision adopted by the GREPECAS/16 Meeting was to use a regional approach
to project management. Everything that was being done by the CNS/ATM Subgroup for the CAR/SAM
Regions was broken down by subject, and assigned to one or the other Region.

1.8 In practical terms, insofar as the CAR/SAM Infrastructure Project (D1) is concerned, the
SAM/IG/7 meeting created a SAM Infrastructure Project, for which the D1 Project Coordinator was
maintained to deal with matters pertaining strictly to the SAM Region.

1.9 This working paper describes all of the documents involved, the changes and adjustments
made in the original documents for the CAR/SAM Infrastructure Project (D1) and the activities that were
carried out in 2011.

2 Discussion

2.1 As already explained in the introduction, the basic difference between the project management
approach being used by the former CNS/ATM Subgroup and the one adopted by the GREPECAS/16
meeting lies in the scope of the projects, which formerly covered tasks for both the CAR and SAM
Regions. As a result of this change, Project D1 was subdivided into CAR ATN Architecture and
SAM ATN Architecture.

2.2 Figure 1 illustrates the new organizational structure of GREPECAS, emphasizing its
programmes and projects. The CAR/SAM Programme and Project Coordination body was created to
handle matters that concern both regions.
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Figure 1: Composition of GREPECAS
2.3 The new Project Coordinators for the SAM Region were appointed at the SAM/IG/7

meeting, with Mr. Athayde Licério Vieira Frauche (Brazil), an expert who was already working on the
tasks for the CAR/SAM Region, being retained as Coordinator for the SAM Architecture Project.

2.4 Changes were then made in all of the original documents to provide for the tasks
involving only the SAM Region, as described in the body of this working paper.

2.5 Project Documents

25.1 The SAM Region Project took advantage of all of the documents that were being handled
by the CAR/SAM ATN Acrchitecture Project.

252 The documents that make up the SAM ATN Architecture Project are:

a) Working Programme;

b) Project Description (DP);

C) Project File; and

d) Analytical Structure of the Project (EAP).
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2.5.3 The original deliverables assigned to the CAR/SAM ATN Architecture Project and which
were taken into account for the specific SAM Region Project are described in the Table shown in
Appendix A.

254 A simple analysis of the table contained in Appendix A leads to the conclusion that
deliverable D 1.4 is the main activity to be carried out for the definition of an IP backbone for the SAM
Region. This means that task D 1.3 is part of deliverable D 1.4.

255 Regarding deliverables D 1.1 and D 1.2, the Programme and Project Coordinators
concluded that they should be a part of the work to be carried out by ICAQO jointly with the REDDIG
Administration. In other words, the results will not be the responsibility of the Project Coordinator.

2.5.6 In the case of deliverable D 1.5, it was felt that it would more appropriate for ICAO to
carry it out than the Project Coordinator.

25.7 The purpose of a well-designed communications network is to transport all of the
applications that are transmitted through it. As a result, it can be concluded that deliverables D 1.6 and D
1.7 go beyond mere consideration of the network’s bandwidth and will warrant projects separate from the
SAM ATN Architecture Project.

2.5.8 As a result of the analysis made, the deliverables of the SAM ATN Architecture Project
are enumerated in the Project Description document in Appendix B.

259 The Project Description document contains a summary of the main Project phases, from
inception to the completion of its full activities.

2.5.10 The Project file, set forth in Appendix C, allows for the management of all project
variables, such as: scope, time, resources, quality, human resources and other elements.

25.11 The EAP, shown in Appendix D, is a hierarchical tree-shaped structure whose terminals
(branches) are the deliverables and tasks related to the implementation of the project.

2.5.12 Appendix E summarizes the activities performed to determine the SAM ATN
architecture.

2.6 Progress of the Activities

2.6.1 The Fifth Workshop/Meeting of the SAM Implementation Group (SAM/IG/5) considered the
possibility of conducting studies on the implementation of a new regional satellite, ground or mixed
(satellite and ground) digital network to serve as the backbone for the SAM Aeronautical
Telecommunications Network (SAM ATN). This new network would have to be designed to support
current fixed aeronautical requirements for voice and data transmission and exchange of radar data and
flight plans, together with the new ATN ground-ground applications between States/Territories in the
SAM Region that are planned for implementation in the short and medium terms.

2.6.2 At the SAM/IG/6 meeting, the studies for the choice of the IP backbone for the SAM
Region were completed and submitted for evaluation to States in the Region.

2.6.2 As a result, the deliverables foreseen for the SAM ATN Architecture Project have been
almost completed.
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2.6.3 One of the original tasks of the CAR/SAM ATN Architecture Project was the preparation

of an IPv6 addressing plan for the SAM Region. Considering that the Aeronautical Communications

Panel is managing the acquisition of blocks of addresses for all States, a task that can be performed by the

ICAO Regional Offices, it was removed from the portfolio of SAM ATN Architecture Project

deliverables.

2.6.4 The elaboration, in August 2011, of the technical specifications for modernizing the

REDDIG envisaged the natural evolution of all elements presented in the deliverables. This could lead to

the creation of a new project to look into the next steps to be taken.

3 Action suggested

3.1 The Meeting is invited to:

a) Take note of the information that has been presented,;

b) Review the activities of the SAM ATN Infrastructure Project that are described in Section 2
of this working paper, including Appendices A, B, C, D and E, in the light of the adjustments
made to the original CAR/SAM D1 Project Documents;

C) Study the feasibility of creating a new Project for the implementation of REDDIG I1; and

d) Examine the progress made with the deliverables of Project described in Appendix E.
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APPENDIX B

PD No
PROJECT DESCRIPTION
(PD) Date: 25/06/10 | Page: 1/3
Ground-Ground/Air Ground Project Title Starting date: 05/2010

Communications Infrastructure

SAM ATN Architecture | Ending date: 12/2011
Programme

Project Objective
Choose optimum architecture for an IP protocol-based backbone network for the SAM Region.
Project Scope

1. Study for deploying an IP backbone network for the SAM Region that would include an optimum
configuration and provide for the following deliverables, among others:

» Technical review of regional (ground, satellite or mixed) telecommunications networks for
purposes of ATN implementation, based on a cost-benefit analysis.

» Testing to determine the ATN bandwidth needed to support ground applications.

* IP (IPv4 and IPv6) addressing system and assessment of the data communication infrastructure
needed to support short, medium and long-term ATS operational requirements.

Project Strategy

All work will be done by experts appointed by SAM States that are members of the SAM ATN
Architecture project, under the direction of the Project Coordinator. Communications between project
members and between the Project Coordinator and Programme Coordinator will be carried out via
teleconferencing and the INTERNET.

Once the study has been completed, the results will be remitted to the ICAO Programme Coordinator in
the form of a consolidated final document for analysis, review and approval.

Project Justification

The study of an IP backbone network for the SAM Region will make it possible to define an optimum
architectural structure for the communications network in that region, which is currently based mainly on
the REDDIG, a satellite-based telecommunications network. That system, which has been providing
States in the SAM Region with excellent services since 2003, has reached the end of its life cycle.

In order to be able to obtain the best network infrastructure, it is highly important to determine the
bandwidth demanded for current applications. In this connection, States are already conducting tests,
particularly of AMHS, to determine the associated spatial segment. This is considered to be the starting
point for the cost-benefit analysis of the networks.

In addition, there is a growing bandwidth demand for new services like automation, surveillance, ATFM
and meteorology. It is also necessary to work closely with other programmes and their respective projects
in order to collect information about operational demands for the cited applications and their tentative
implementation dates.
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PD No
PROJECT DESCRIPTION
(PD) Date: 25/06/10 | Page: 2/3
g
C(jrzomuzﬁggi?ounnsdll rﬁlrragtgzgtnudre Project Title Starting date: 05/2010
P SAM ATN Architecture | Ending date: 12/2011
rogramme

Project Coordinator: Athayde Licério Viera Frauche (Brazil).

Related Projects
The following projects are associated with the project described herein:

» Air Navigation Systems in Support of PBN;

» Automation (Systems Interconnection);

* Improvement of ATM Situational Awareness;

* Implementation of ICAO’s Model New Flight Plan Format;
e ATN Ground-Ground and Air-Ground Applications.

Although not directly considered in this task, aeronautical telecommunications experts from all SAM
States must evaluate their countries’ internal networks in the light of the findings of this work.

Project Deliverables

Project Description Document (DP)

Analytical Structure of the Project (EAP)

Analysis of the status of the SAM communications network (REDDIG)

Analysis of the status of the MEVA 1I/REDDIG Interconnection

Tests for determining the necessary AMHS bandwidth

Analysis of the impact of the AMHS bandwidth on the current REDDIG
satellite structure

Analysis of the impact of the AMHS bandwidth on the current MEVA 11/
REDDIG satellite structure

Application requirements through time in the SAM Region

Comparative study of IP-based satellite, ground and mixed (satellite
and ground) network models for the SAM Region

Definition of the model ATN IP network infrastructure for the SAM Region

Drafting of the REDDIG Safety Manual

Drafting of the IP Routing Policy document

Completion of the IPv4 addressing plan for the SAM Region

Final consolidation document for the CAR/SAM IP-based
networks and its delivery to ICAO

Foreseen Date

July 2010

July 2010
August 2010
June 2011
September 2010

September 2010

January 2011
September 2010

October 2010
October 2010
October 2011
October 2011
August 2010

December 2011

Necessary resources

Testing equipment for measuring AMHS traffic
Team of specialists: Argentina, Bolivia, Chile, and Brazil

Foreseen date
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PD No
PROJECT DESCRIPTION
(PD) Date: 25/06/10 | Page: 3/3
g
C(jrzomuzﬁggi?ounnsdll rﬁlrragtgzgtnudre Project Title Starting date: 05/2010
P SAM ATN Architecture | Ending date: 12/2011
rogramme

Main stakeholders

SAM States, Territories and International Organizations

Assumptions

1- Project team dedicated to product delivery;

2- Easy access to the information and documentation requested by ICAQ;
3- Easy communication among States; and

4- Auvailability of technical resources for testing purposes.

Restrictions

1- Delivery of the study document in December 2011;
2- Compliance with ICAO standards; and
3- Development of ATM applications.

Project Risks

1- Unavailability of team of experts to perform the service;

2- Communication problems between team members;

3- Planning of new measures for proposals not accepted by ICAO;
4- Difficulty of States in obtaining testing equipment; and

5- Delay in the delivery of Project outputs.
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APPENDIX E

ADVANCES IN SAM ATN ARCHITECTURE PROJECT ACTIVITIES

Current status assessment of the SAM — REDDIG (D 1.3) communications network and
Long-term applications requirements in the SAM Region (D 1.8).

3.1.2 The CNS1A (AFTN Plan) and CNS1C (ATS direct speech circuits plan) Tables describe the
current services offered by REDDIG in response to the requirements set forth in the Air Navigation Plan
for the Caribbean and South American Regions, almost all of which are operational today.

3.1.3 A large number of future short, medium and long-term services will need to be added to the
REDDIG, as follows:

3.131 Those deriving from MEVA Il — REDDIG interconnection.

3.1.3.2 A Teleconferencing Service for flow management units (FMU) or for flow management
posts (FMP) that will operate daily among all units in the Region and will be initially designed for twenty
users.

3.1.3.3 The exchange of flight plans and/or radar information by conventional means, in keeping
with the respective MoUs (Memoranda of Understanding) that have been or are to be signed.

3.1.34 Interconnection requirements for AMHS, which will progressively replace AFTN
service, in keeping with the respective MoUs (Memoranda of Understanding) that have been or are to be
signed.

3.1.35 Interconnection requirements for AIDC, which will progressively replace ATS Speech
Service.

3.1.3.6 Exchange of ADS-B data and multilaterization among all ACCs of adjacent FIRs.

3.1.3.7 Interconnection of automated systems using Asterix 62 and 63 and exchange of radar

data using Asterix (1,2,34,48) protocols, among all ACCs of adjacent FIRs.
3.1.3.8 AIM requirements: to date, no concrete requirements have been received.

3.14 These activities made it possible to determine the necessary interfaces that will enable
REDDIG telecommunications equipment to support all current and future requirements:

. Minimum Interfaces
State Site - .
Serial | Ethernet| Digital | E&M | FXO | FXS
Argentina Ezeiza 11 1 0 11 0 1
Bolivia La Paz 4 0 4 0 4
Curitiba 4 1 0 6 2 1
Brazil Manaus 6 1 0 7 0 5
Recife 1 1 0 7 0 1
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State Site _ Minimur_n_lnterfaces
Serial | Ethernet| Digital | E&M | FXO | FXS
Chile Santiago 2 1 0 8 0 0
Colombia Bogota 7 1 1 0 0 0
Ecuador Guayaquil 3 1 0 0 0
gjg‘r’]g Rochambeau | 2 1 0 0 0o |5
Guyana Georgetown |4 1 0 0 0 5
Paraguay Asuncion 3 1 0 3 0 3
Peru Lima 9 1 1 0 0 0
Suriname Paramaribo 3 1 0 0 0 4
Egégid and Piarco 2 1 0 0 o |6
Uruguay Montevideo 2 1 0 5
Venezuela Maiquetia 10 1 0 7 0 4

Table 1: Interfaces of Future Routers

3.15 Regarding the bandwidth for current and future applications, Table 1 shows the needs
identified for REDDIG.
State Site Service (each in kbps)
Radar | AMHS ADS-B

Argentina Ezeiza 76.8 28.8 19.2
Bolivia La Paz 115.2 144 19.2

Curitiba 76.8 19.2 19.2
Brazil Manaus 134.4 33.6 19.2

Recife 0 4.8 19.2
Chile Santiago 57.6 9.6 19.2
Colombia Bogota 76.8 384 19.2
Ecuador Guayaquil 38.4 144 19.2
Zi’:;;‘a Rochambeau | 38.4 9.6 19.2
Guyana Georgetown | 57.6 19.2 19.2
Paraguay Asuncion 57.6 9.6 19.2
Peru Lima 96 43.2 19.2
Suriname Paramaribo 76.8 14.4 19.2
%Ségzd and | piarco 19.2 9.6 19.2
Uruguay Montevideo | 19.2 9.6 19.2
Venezuela Maiquetia 76.8 38.4 19.2
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. Service (each in kbps)
State Site
Radar | AMHS ADS-B
Partial total (kbps) 1017.6 316.8 307.2
Partial grand total (kbps) 1641.6
AFTN difference -103.2
Net increase in bandwidth 1538.4

Table 2: Estimated Additional Bandwidth
3.1.6 An analysis of Table 1 2 leads to the following observations:

3.1.6.1 It should be noted that the bandwidth the AFTN will cease to use should be subtracted
from the indicated increases, for the service is provided by either AFTN or AMHS, but never in parallel.
As a result, that value is inserted on the next-to-the-last line of Table 2, where it is subtracted from the
total, leaving the net increase in bandwidth needed for the application.

3.1.6.2 No increase in bandwidth is required for ATS speech circuits, inasmuch as no
additional direct or switched operational requirements are foreseen in Table CNS1C.

3.1.6.3 The additional bandwidth requirement produced by the exchange of radar data will
depend exclusively upon the MoUs (Memoranda of Understanding) States have signed or will sign. In
order to make an initial calculation of the amount, it is estimated that each State will transmit and receive
at least either data from one radar or synthesized information to/from adjacent States. For that reason,
the total bandwidth needed for radar applications amounts to approximately 1 Mbps.

3.164 The remaining REDDIG interfaces and bandwidth capacity are estimated to be sufficient
to absorb the demand for ATFM teleconferencing service, even during peak moments of voice and data
traffic. For that reason, no additional bandwidth is needed.

3.1.6.5 To calculate the additional bandwidth needed for AMHS application, the primary
conclusions of the tests made between Manaus and Ezeiza have been applied. Consequently, the
additional bandwidth requirement has been estimated at approximately 320 kbps.

3.1.6.6 It is estimated that, for AIDC implementation, the reduction in ATS voice service will
offset the increase in message traffic. Only during the transition period, while AIDC is being
implemented, could the bandwidth increase. Once that phase has been completed, with the progressive
deactivation of voice communications, bandwidth consumption will begin to decline, until the need to
continue using voice circuits completely disappears. As a result, no additional bandwidth is needed
for AIDC.

3.1.6.7 The increase in the bandwidth for automated radar data exchange systems using Asterix
62 and 63 is a case similar to that of AIDC. The moment of greatest bandwidth need will arise when use
of that service has been completely disseminated throughout the Region, while temporarily maintaining
the obligation to continue transmissions of the “radar toward the automated centre” type. Therefore, no
additional bandwidth is required for this application.

Tests for determining the necessary bandwidth for AMHS applications (D1.7)

3.1.7 Tests were conducted between the Ezeiza (CIPE) and Manaus MTAs, in order to determine
the minimum bandwidth needed for operation among MTAs during AMHS implementation.
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3.1.8 Figure 1 illustrates the scenario used, including the IP addressing plan.
IP: 10.15.224.61 /30 IP: 10.15.224.62 /30
IP:10.0642/10 (S —————=7 (2 Y
L REDDIG L/' '
Manaus Ezeiza
CIPE
MTA-Teste Manaus
IP: 10.0.64.1 19
MTA-Teste CIPE
IP: 192.168.48.100
Figure 1: Connectivity scheme
3.1.9 Table 3 covers part of the tests conducted using 1 KB-sized messages and speeds of 64, 32
and 4.8 Kbps that are configured in the REDDIG.
Transit time
Test i Link speed 'I_'otal Messages Messages for each
Description . time exchanged / | exchanged /
No. (Kbits/s) message
(hh/mm/ss) | hour second
(seconds)
Transmission
1 Of 50001KB | 64 0:59:21 5000 1.39 0.72
messages
Transmission
2 of 5000 1KB 32 2:18:00 2174 0.6 1.66
messages
Transmission
3 Of 25 1KB 4.8 11:42:00 (*) |427 0.12 8.43
messages

(*): if the test would had covered 5000 messages

Table 3: Tests and Results obtained

3.1.10

3.1.11
American MTASs in the future REDDIG.

3.1.12
be sufficient for the application.

Comparative study of 1P-based satellite, ground and mixed (satellite and ground) network models for the

SAM Region (D 1.10)

3.1.13
follows:

The conclusion reached is that a bandwidth of 4.8 kbps is sufficient to support peak hour
message exchanges between Argentina y Brazil, which have the heaviest traffic in South America.

As a result, that speed is taken into account for estimating the bandwidth for all South

For the case of messages between Brazil and the United States, a speed of 9.6 or 16 kbps can

The studies conducted to choose an IP platform for the SAM Region are summarized as
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3.1.14 It was decided, based on the studies conducted in the SAM Region, that the most appropriate
structure for the future REDDIG would be a mixed one.

3.1.15 A comparison of the costs of a satellite network with those of a ground network revealed that
the former is more advantageous, as can be seen in Figure 2.

== 0si0 Termesire

MILLONES (USD)

——Costo Satelital / |
g

/

1 13 25 37 49 61 73 85

MESES

Millions of U.S. dollars
Satellite cost
Ground cost

Figure 2: Cost Comparison for a Satellite Network and a Ground Network over time

3.1.16 From an economic and technical-operational viewpoint, a satellite structure is more
advantageous for States in the South American Region than one that is purely ground-based. On the other
hand, however, hiring a ground network at the same time would mean (in the first place) ensuring
availability and allowing for a natural increase in traffic. As a result, a mixed network configuration is
presented that could be applied until the South American Air Navigation and Safety Organization is
created.

3.1.17 The infrastructure of that network is based on the scheme shown in Figure 3.
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STATEA STATEB
SATELLITE NETWORK
GROUND
NETWORK
STATEC

MODEL OF PROPOSED

MIXED INFRASTRUCTURE

ESTADO A

RED SATELITAL

RED
TERRESTRE

- MODELO DE INFRAESTRUCTURA
-—= 4 MIXTA PROPUESTA

______________

Figure 3: Proposed Infrastructure Scheme

3.1.18 The network would be a mix of a main satellite network and another ground network that
would increase the capacity of the network to carry new ATN applications and, as already explained at
length, also increase availability in the system for their support.

3.1.19 For that purpose, the satellite portion would be endowed with duplicate chains to ensure a
high level of availability, while the ground portion would have a chain allowing for the practical
availability supplied by most ground networks.

-END -



