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1 Introduction

The SBTVD Forum was created by the Brazilian Presidential Decree No. 5,820 / 2006, to advise the Brazilian Government regarding policies and technical
issues related to the approval of technical innovations, specifications, development, and implementation of the Brazilian Digital Terrestrial Television
System (SBTVD). The SBTVD Forum is composed of representatives of the broadcasting, academia, transmission, reception, and software industry
sectors, and has the participation of Brazilian Government representatives as non-voting members.

Free-to-air terrestrial television is the main audiovisual distribution platform in Brazil, covering almost all Brazilian households and used in more than 70%
of them. It secures to most of the Brazilian population a free-of-charge, universal and democratic access to information and entertainment, made by
Brazilians for Brazilians. It is, therefore, an important social cohesion, national, and cultural identity factor.

For its first generation Digital Terrestrial Television system, after thorough testing and careful studies, the Brazilian Government adopted in June 2006
the ISDB-T standard, incorporating technological innovations that were deemed relevant, such as MPEG-4 AVC (H.264) video coding, MPEG-4 AAC
audio coding, an appropriate closed caption character set for the Brazilian Portuguese, and a new middleware for interactive applications (Ginga).

The SBTVD Forum developed the first SBTVD standards, that were published in 2007, allowing the official opening of transmissions in that same year.
Since then, the standards have been continuously revised and updated by the Forum. The technological innovations proposed by Brazil were incorporated
into the International ISDB-T standard, which is currently adopted by 20 countries.

In 2016, Brazil started a safe and gradual analog TV switch-off process, that was designed to assure that no one would be deprived of the terrestrial free-
to-air TV. The process was divided into two stages: in the first stage (2016 to 2019) the analog television switch-off was performed in all the state capitals,
metropolitan areas, and other areas where it was required to release the 700 MHz band; on the second stage (up to 2023) the analog television switch-
off would be performed in the remaining of the country. During the first stage, 1,362 cities in 47 different clusters were impacted, accounting for nearly
128 million people (62% of the population). More than 12 million Digital TV reception kits were distributed for low-income families. The analog switch-off
had no significant impact on the free-to-air terrestrial TV audience. Regarding the second stage, the remaining 38% of the population (more than 79 million
people) is distributed in 4,208 cities. After the implementation of Digital Terrestrial Television, Brazil adopted an industrial policy that determined that all
flat-panel TVs manufactured from 2012 must have an integrated Digital TV receiver and from 2013 no more CRT TVs were manufactured. Therefore, it
is anticipated, based on the expected product lifetimes, that by 2023 Brazil would have nearly all its TV sets already equipped with an integrated Digital
TV receiver, thus facilitating the analog television switch-off without additional Digital TV reception kits distribution.

As the Brazilian digital television switch-over began, the SBTVD Forum started considering the next steps for the evolution of the Brazilian Television.
The analog TV (that we conventionally call "TV 1.0"), which started in Brazil in 1950, was black and white with monophonic sound. Then, some backward-
compatible improvements (that we conventionally call "TV 1.5"), such as color (in the 1970s), stereo sound and closed caption (in the 1980s) were added
to it. From 2007, the first generation of Digital Terrestrial Television (that we conventionally call "TV 2.0") was introduced in Brazil, bringing high-definition
video, surround sound, mobile reception, and interactivity. Since then, the technological landscape has changed a lot. The rhythm of development and
introduction of innovations is increasingly accelerated. These innovations create new consumption habits and increase the expectations of technological
services users regarding the quality and convenience of these services. Since the introduction of SBTVD, new immersive audio and video formats have
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emerged, and are already present in the new TV sets available in the market. The TV sets currently available have resolution and contrast greater than
those supported in the first generation SBTVD standard. That is the opposite of the market situation when Digital TV was launched in Brazil, as the HDTV
sets offer was very low. The availability and the speed of Internet access in Brazil, especially in metropolitan areas, increased significantly, enabling the
consumption of on-demand audiovisual content. Thisc onnect i vity i s already in use by TV-The&dpgOT)Smar t
offers. However, in the first generation SBTVD standard, there was not an integration between the broadcasting service and the Internet content offer.
Furthermore, new techniques for signal coding, transport, and modulation were also developed, allowing greater efficiency in audiovisual transmission.
Many Digital Terrestrial Television systems have also been evolving, including in this evolution not only enhancements in quality and efficiency but also
new convergent services between the broadcasting and the Internet. Based on this technological landscape, the SBTVD Forum recognized the necessity
to evolve the SBTVD. It also acknowledged that changes in the physical layer, the transport layer, and/or audiovisual coding would not be backward-
compatible. Nevertheless, the transition to a new generation of Digital Terrestrial Television is a long process, based on the investments required for both
broadcasters and consumers and the expected life span of TV transmitters and receivers. It was, therefore, deemed necessary to increase the life span
of the existing Digital Terrestrial Television system as much as possible through a backward-compatible evolution (a project we called "TV 2.5") and to
start the development of the next generation Digital Terrestrial Television system (the project we called "TV 3.0").

The "TV 2.5" project comprised two aspects: broadcast-broadband integration and audiovisual quality. The first aspect involved the development of a new
receiver profile for the middleware Ginga (receiver profile D, a.k.a. "DTV Play"), addressing use cases such as on-demand video, synchronized companion
device, audiovisual enhancement over the Internet, and targeted content. The second aspect was addressed through the introduction of three new optional
immersive audio codecs (MPEG-H Audio, E-AC-3 JOC, and AC-4) while retaining MPEG-4 AAC main audio for backward-compatibility, and through the
introduction of two new optional HDR video formats (SL-HDR1 dynamic metadata and HLG "preferred transfer characteristics" signaling) while keeping
MPEG-4 AVC (H.264) / 8-bit / BT.709 / 1080i for backward-compatibility. The revision of the SBTVD standards containing both "TV 2.5" aspects has
already been published (available at https://forumsbtvd.org.br/legislacao-e-normas-tecnicas/normas-tecnicas-da-tv-digital/english/).

For the ATV 3.00project, the SBTVD Forum, after agreeing on its requirements (use cases and corresponding technical specifications), decided to release
a Call for Proposals (available at https://forumsbtvd.org.br/wp-content/uploads/2020/07/SBTVDTV-3-0-CfP.pdf) for any interested organization to submit
its proposed candidate technologies for any of the system components or sub-components. The new system is expected to start operating within the next
few years, but based on the Brazilian experience on the transition from analog to digital television, the complete transition from the current SBTVD to the
TV 3.0 is expected to last at least 15+ years.

As described in the aforementioned Call for Proposals document, the response to the Call for Proposals was divided into two phases.

Phase 1 responses comprised the identification of each proposed candidate technology and appropriate contact persons and filling the compliance form
of the components or sub-components corresponding to the proposed candidate technology.

Phase 2 responses comprised providing the full specification of the proposed candidate technology, adhering to the SBTVD Forum Intellectual Property
Rights Policy, and the additional requirements considering general information and resources needed for evaluating and comparing the proposed
candi dat e t ec hnol30 gCffe sPhase Z h e/ ATTeVs t i n g and Eval uat i o nhitps:/@ranssbtvd.erg.briwp-( av a i
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content/uploads/2021/03/SBTVD-TV_3 0-P2 TE 2021-03-15.pdf) provides further information on Phase 2, along with the test procedures for evaluating
and comparing the proposals of candidate technologies.

The Call for Proposals was open from 17 July 2020 to 30 November 2020. It received in total, considering its 6 system components (Over-the-air Physical
Layer, Transport Layer, Video Coding, Audio Coding, Captions, and Application Coding), 36 responses from 21 different organizations worldwide. Some
similar proposals were merged for the sake of Phase 2 testing and evaluation, resulting in 30 candidate technologies.

Phase 2 tests were funded by the Brazilian Ministry of Communications through the Brazilian National Council for Scientific and Technological
Development (CNPq, Conselho Nacional de Desenvolvimento Cientifico e Tecnol6gico). The Over-the-air Physical Layer candidate technologies were
tested by the Mackenzie Presbyterian University (laboratory tests) and Fluminense Federal University (field tests) from 05 July 2021 to
03 December 2021. Phase 2 Over-the-air Physical Layer laboratory tests report is available at https:/forumsbtvd.org.br/wp-
content/uploads/2021/12/SBTVD-TV_3 0-PL-Lab-Report.pdf and field tests report is available at  https:/forumsbtvd.org.br/wp-
content/uploads/2021/12/SBTVD-TV_3 0-PL-Field-Report.pdf.

At the end of Phase 2, the SBTVD Forum concluded that complementary laboratory and field tests would be needed in the Phase 3 to select the
appropriate technology for the Over-the-air Physical Layer among the current candidate technologies (Advanced ISDB-T, ATSC 3.0 and 5G Broadcast 1
the DTMB-A proposal was withdrawn by the proponent). It was agreed that only the two candidate technologies that demonstrate the best fit with the
specific requirements of the TV 3.0 Project in the laboratory tests would continue in the field tests. It also concluded that it was necessary to carry out a
real-time video coding subjective quality assessment using the video coding technologies selected for the TV 3.0 Project (VVC and LCEVC) to determine
the required bit rate for the Over-the-air Physical Layer to enable delivering audiovisual quality superior to that of the first-generation Brazilian DTTB
system.

In April 2023, the Brazilian Presidential Decree No. 11,484, which provides the guidelines for the evolution of the Brazilian Digital Terrestrial Television
System and for ensuring the availability of radio spectrum for its deployment, was published (available at http://www.planalto.gov.br/ccivil 03/ ato2023-
2026/2023/decreto/D11484.htm, in Portuguese only).

It establishes that the next-generation Digital Terrestrial Television Broadcasting (DTTB) system in Brazil, called TV 3.0, shall have the following
characteristics:

I.  audiovisual quality superior to that of the first-generation Brazilian DTTB system,;

I fixed reception, with external and internal antenna, and mobile reception;
lll.  integration between contents transmitted by the broadcasting service and over the internet;
IV. app-based user interface;

V. content segmentation according to viewersoO6 geographic | ocation;
VL. customization of content according to viewersd preferences;

VIl.  optimized use of the radio frequency spectrum destined for terrestrial television broadcasting; and
VIII. new forms of access to cultural, educational, artistic, and informative contents.
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The characteristics I, 1l, V and VII have a direct relationship with the Over-the-air Physical Layer and are in line with the requirements defined in the Call
for Proposals.

The Phase 3 Over-the-air Physical Layer laboratory tests were carried out by Mackenzie Presbyterian University from April to September 2023 (report
available at https://forumsbtvd.org.br/wp-content/uploads/2023/11/SBTVD-TV_3 0-P3-PL-Lab-Report.pdf), the real-time video coding subjective quality
assessment was carried out at Brasilia University from June 2023 to January 2024 (report available at https:/forumsbtvd.org.br/wp-
content/uploads/2024/03/SBTVD-TV_3 0-P3-VC-Report.pdf) and the field tests were carried out by the Fluminense Federal University and the State
University of Maranhado from December 2023 to May 2024 (this report). These tests, as well as Transport Layer and Application Coding R&D activities
(from April 2023 to September 2024), are all being carried out under the coordination of the SBTVD Forum and funded by the Brazilian Ministry of
Communications through the Brazilian National Education and Research Network (RNP, Rede Nacional de Ensino e Pesquisa).

Considering the Phase 3 physical layer laboratory results, the video bitrate requirements resulting from the Phase 3 real-time video coding subjective
quality assessment, as well as the bitrate requirements of the other system components (audio, captions, sign language and applications) and the transport
layer overhead, it was concluded that, under the current technology development status, it would not be possible to operate the TV 3.0 over-the-air
physical layer with frequency reuse-1 for non-directional receiving antennas (that would require C/N < 0 dB) with enough capacity with a 6 MHz channel
with 2x2 MIMO to ensure audiovisual quality higher than the maximum possible in the first-generation Brazilian DTTB system (with a 6 MHz channel with
SISO).

It was then decided to test, for each of the candidate technologies (Advanced ISDB-T and ATSC 3.0) the most robust configuration (with the lowest C/N
requirement) that would deliver at least 30 Mbps in a single Physical Layer Pipe (PLP) with a 6 MHz channel with 2x2 MIMO, 16K FFT and guard interval
higher than 100 pus. This capacity is enough to carry one 8K HDR program service (the required bitrate for 8K was extrapolated from the subjective test
results for 720p, 1,080p and 4K), or two 4K HDR program services, or three 1,080p HDR program services with audiovisual quality higher than the
maximum possible in the first-generation Brazilian DTTB. It would also be possible to carry one 1,080p HDR program service and three 720p HDR
program services, or five 720p HDR program services (in the case of 720p HDR program services, they would have, in the worst case, slightly lower
subjective quality than the maximum possible with 1,080i in the first-generation Brazilian DTTB). The quantity and/or resolution of program services could
be increased if the quality requirements are relaxed and/or with better VVC encoder performance (either with real-time encoder implementation
improvement or using multi-pass or offline encoding). The use of 2x2 MIMO in a single Layer/PLP aims to minimize the C/N requirement for the desired
capacity, in order to facilitate fixed indoor reception by minimizing the required field strength. The use of the 16K FFT seeks a balance between the
spectral efficiency for fixed reception and the speed limit for mobile reception. The use of a guard interval higher than 100 us is intended to allow SFN
operation with the re-utilization of transmission sites currently operating on SFNs in Brazil.

The physical layer field test has two main objectives:
1. Comparison of candidate technologies; and

2. Measurement of the C/N requirement for indoor reception to be recommended to Anatel (Brazilian National Telecommunications Agency) for
frequency planning purposes.
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It should be noted that TV 3.0 standardization will not prescribe the physical layer configuration to be used by different broadcasters, but the C/N value
adopted for frequency planning in Brazil may impose practical coverage and/or interference limitations on the use of configurations with higher C/N values.

Additional tests were also carried out on a subset of points, of a two-layer configuration with capacity O10 Mbps each (enough for at least one 1,080p
HDR program service on each layer) with different C/N requirements, and of a two-layer reuse-1 configuration for comparison with the laboratory results.

Further information regarding the TV 3.0 Project can be obtained at: https://forumsbtvd.org.br/tv3 0/.

This document contains the results of the Phase 3 Over-the-air Physical Layer field tests to support (alongside the results of the other tests and the market
and intellectual property assessments) the SBTVD Forum in recommending the appropriate technology for the Over-the-air Physical Layer of the next
generation of digital terrestrial television in Brazil.

It is important to highlight that, in this process, the SBTVD Forum has a propositional role, with the Brazilian Government alone being responsible for

making any decisions about the standards applicable to broadcasting service in Brazil.

2 Research Team

This report was developed by the following team of the Fluminense Federal University (UFF, Universidade Federal Fluminense) and the State University
of Maranhao (UEMA, Universidade Estadual do Maranhao):

Natalia Castro Fernandes, UFF - Field Test Coordinator - http://lattes.cnpq.br/4205779497458915

Amanda Beatriz Cunha dos Santos, PUC-RIo - http://lattes.cnpq.br/0814190530106602

Dianne Scherly Varela de Medeiros, UFF - http://lattes.cnpq.br/8119805151400395

Diogo Menezes Ferrazani Mattos, UFF - http://lattes.cnpq.br/6177045546956476

Leonardo Henrique Gonsioroski Furtado da Silva, UEMA - http://lattes.cnpq.br/5396107949326303

Pedro Vladimir Gonzalez Castellanos, UFF - http://lattes.cnpd.br/3925067878676905

Ricardo Amorim Lundgren, UFF - http://lattes.cnpqg.br/2288544868941179

Roberto Brauer Di Renna, UFF - http://lattes.cnpg.br/5182076471061657

Rodrigo Amitrano Bilobran, UFF - http://lattes.cnpg.br/0237333063533003
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Victor Fernandes, UFF - http://lattes.cnpqg.br/6924919452002001

We also had the collaboration of the SBTVD Forum members, in particular:
Luiz Fausto i Chair, Technical Module, SBTVD Forum
Cristiano Akamine i Chair, Physical Layer & Transport Layer Workgroup, SBTVD Forum
Pollyana Notargiacomo Mustaro - Physical Layer & Transport Layer Workgroup, SBTVD Forum

As we used Globobés transmission infrastructure

3 Partners

We thank Globo, for providing the transmission station, measuring vehicle, and support staff.

4 Glossary

AAC Advanced Audio Coding

ABNT Associacao Brasileira de Normas Técnicas (Brazilian Technical Standards Association)
ATSC Advanced Television System Committee

ATSC 3.0 Newest Version of Advanced Television System Committee Standard

AV Audio/Video

AVC Advanced Video Coding

BCH Bosei Chaudhurii Hocquenghem
BER Bit Error Rate

BNC Bayonet Neill Concelman

CFP Call for Proposals
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CL Core Layer

CNPq Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico (National Council for Scientific and Technological Development)
C/N Carrier-to-Noise Ratio

CRT Cathode Ray Tube

DIiBEG Digital Broadcasting Experts Group

DTT Digital Terrestrial Television

DTTB Digital Terrestrial Television Broadcasting

DTV Digital Television

E-AC-3 Enhanced AC-3

EIA Engineering Industries Association

EL Enhanced Layer

FER Frame Error Rate

FFT Fast Fourier Transform

GPS Global Positioning System

HD High Definition

HDR High Dynamic Range

HLG Hybrid Log-Gamma

P Internet Protocol

ISDB-T Integrated Services Digital Broadcasting-Terrestrial
ITU International Telecommunications Union
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ITU-R ITU Radiocommunication Sector

JOC Joint Object Coding

LA Layer A

LB Layer B

LCEVC Low Complexity Enhancement Video Coding

LDM Layered Division Multiplexing

MER Modulation Error Rate

MIC Ministry of Internal Affairs and Communications

MIMO Multiple-Input and Multiple-Output

MPEG Moving Picture Experts Group

NBR Norma Brasileira Regulamentadora (Brazilian National Standard)
NHK Ni ppon H@gXpaikBraddcasting Corporation)
NUC Non-Uniform Constellation

OFDM Orthogonal Frequency-Division Multiplexing

OoTT Over-The-Top

PC Personal Computer

PER Packet Error Rate

PL Physical Layer

PPS Pulse Per Second

PR Protection Ratio
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PUC-RIio
QEF
reuse-1
RF

RMS
RNP
SBTVD
SFN
SL-HDR
STB
TOV

TV

ucC
UEMA
UFF
UHF
UPS
VHF
VSWR

VVC

Pontificia Universidade Catdélica do Rio de Janeiro (Pontifical Catholic University of Rio de Janeiro)
Quasi Error Free

The use of the same RF channel by independent stations covering adjacent service areas
Radio Frequency

Root Mean Square

Rede Nacional de Ensino e Pesquisa (Brazilian National Education and Research Network)
Sistema Brasileiro de Televiséo Digital (Brazilian Digital Television System)

Single Frequency Network

Single-Layer HDR

Set-Top Box

Threshold Of Visibility

Television

Uniform Constellation

Universidade Estadual do Maranh&o (State University of Maranh&o)

Universidade Federal Fluminense (Fluminense Federal University)

Ultra High Frequency

Uninterruptible Power Supply

Very High Frequency

Voltage Standing Wave Ratio

Versatile Video Coding
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5 TV 3.0 Architecture

The TV 3.0 system components described in this document reflect the reference TV 3.0 architecture, as depicted in Figure 5.1.

Application Coding

Video Audio

Coding Coding CERIETS

Transport Layer

Over-the-air

Physical Layer Broadband Interface

Figure 5.1 - TV 3.0 Architecture.

For further information about TV 3.0 architecture, please refer to the TV 3.0 Call for Proposals (CfP) document (available at https://forumsbtvd.org.br/wp-
content/uploads/2020/07/SBTVDTV-3-0-CfP.pdf).

6 TV 3.0 Phase 3 Testing and Evaluation

Please refer to Section 4 of t B.e CfA PNase 2 / Testing and Eval uat i omtps://fodimsbtvdoeyriwp- ( a v a
content/uploads/2021/03/SBTVD-TV_3 0-P2 TE 2021-03-15.pdf) for further information on the testing and evaluation procedures.
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In Phase 3, the physical layer is validated with MIMO systems only. For the configurations considered in this field test, please refer to the Introduction
section of this document.

7 TV 3.0 Phase 3 Testing and Evaluation Results

7.1 Testing Devices

A vehicle prepared for installing the equipment was used to collect the signals. The vehicle has a diesel generator independent of the vehicle's power
system, used to supply electrical energy to the equipment, a telescopic mast whose maximum height is 10 meters on which the receiving antenna used
in fixed measurements was installed.

At reception, the measurement system is composed of a panel antenna with two independent polarizations (horizontal and vertical), a pair of RF cables
(with losses of 2.92 and 2.97 dB) whose terminations were connected to a set of filters, attenuators, power dividers, and low noise amplifiers.

Figure 7.1 presents the schematic diagram, and the actual implementation of the setup described in Section 6.2.2.1, which was called RF Box. SBTVD
Forum developed the RF Box to facilitate the field measurement tests. This box contains a set of devices, forming two branches of inputs: A and B. Each
branch has two inputs, totalizing four inputs, as follows:

A Signal l nput A: this input connects to the Recei vi n-gassHiltet betweeathepotdnaar i z at
and the RF Box signal input.

A Noise I nput A: this input connects to a noise gener atpooiseinpithere is a 1:

A Signal l nput B: this input connects to the Recei vi n-passfiliet etweeathepaoténmar i z at
and the RF Box signal input.

A Noise Input B: this input connects to a noise gener atooiseinpthere is a 1:
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Figure 7.1 - Field test RF Box setup.

The 1:2 splitter divides the signal generated by the noise generator to inject this signal into both noise inputs. The filters before both signal inputs select
the channel of interest. The impedance matcher matches the impedance between the cable from the antenna and the filter input.

In branches A and B, the signal input paths have the following steps:
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The input signal enters a variable attenuator that attenuates up to 60 dB, controlled via IP.
The variabl e att e muiawtNoise@mplifier(LNA)ahat nanmallyamplifies 25 dB.

The LNAOGsS o0 aZ2:Jpcaombiner thdat @mlsnes signal and noise.

Do o o Do

The combi ner 6 sal:8 spiittpruhit dieded tleerinput into three output signals, S1A, S1B, S2A, S2B, and S3A, S3B. These outputs
allow three different equipment to show the received signal (for instance, Spectrum Analyzer, TV 3.0 receiver, and TV 3.0 Analyzer).

In branches A and B, the noise input paths have the following devices:
A Noise enters a variable attenuator that attenuates up to 60 dB, controlled via IP.
A The variabl e att e m2actcombinérthatcambipes gignatamd neises

A The combi ner 6 sal:8 sptittpruhat digeded tleerinput into three output signals, S1A, S1B, S2A, S2B, and S3A, S3B. These outputs
allow three different equipment to show the received signal (for instance, Spectrum Analyzer, TV 3.0 receiver, and TV 3.0 Analyzer).

We used a DTU-315 Modulator and a PC with DekTec Stream Xpress software as a noise generator. We used the ISDB-T signal generation in an 8 MHz
channel as noise. The software allows adjusting the signal level in the range of (-45, -25) dBm in 0.5 dB steps. This characteristic enables fine adjustment
of the noise level in measurements of C/N at TOV.

7.1.1  Field equipment characterization
a) RF Box characterization

The frequency response of the 4 RF Box inputs was characterized using an arbitrary signal generator MG3700 from the brand Anritsu and a spectrum
analyzer Tektronix RSA306, generating a continuous wave (CW) signal with an output power of -29 dBm whose output is connected to a cable with
attenuation of 1.6 dB, in the bandwidth of 569 + 3.96 MHz. For this characterization, the four input variable attenuators, one for each RF Box input, are
set to 0 dB attenuation. The characterization procedure consists of injecting a -30.6 dBm signal into the measured input while matching the impedance of
the remaining inputs. The impedance of the outputs not used in the test were matched to avoid interference. It is worth noting that the splitter utilized to
divide the signals to branch A and branch B introduces a 3 dB loss to the signal generated by the noise generator.
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i Branch A

At first, a -30.6 dBm signal was injected into the Noise Input A. Then, we collected the level at the six outputs, S1A/B, S2A/B, and S3A/B, one at a time.
The observed power is -44.8 dBm, which means the loss observed at the 569 MHz central frequency equals approximately 14.2 dB. The frequency
response is very similar for all three outputs.

Next,a-30.6dBm si gnal was injected into the Signal l nput A and col {1&5dBm ah
average, which means the gain observed at the 569 MHz central frequency equals approximately 13.1 dB in this branch.

ii. Branch B

At first, a -30.6 dBm signal was injected into the Noise Input B. Then, we collected the level at the six outputs, S1A/B, S2A/B, and S3A/B, one at a time.
The observed power is -44.3 dBm, which means the loss observed at the 569 MHz central frequency equals approximately 13.7 dB. The frequency
response is very similar for all three outputs.

Next,a-30.6dBm si gnal was injected into the Signal l nput A and col {122dBm ah
average, which means the gain observed at the 569 MHz central frequency equals approximately 13.4 dB in this branch.

Signal branches A and B provided approximate gains of 13.1 dB and 13.4 dB from the signal input to the outputs S. The losses in A and B noise branches
were 14.2 dB and 13.7 dB. The ZX60-112LN+ Low Noise Amplifier has a typical gain of 28 dB in 600 MHz. If we compare the loss in the noise input
(without LNA) and the gain in the input signal (with LNA) the difference is about 27.3 dB.

The measurements at both branches' outputs are in Table 7.1.

Table 7.1 - Gains and Losses across the branches of the Subtest Field Setup.

Signal (Gain) Noise (Loss)
Output A Branch(dB) B Branch (dB) A Branch (dB) B Branch (dB)
S1A 13.1 14.2
S1B 13.4 13.7
S2A 13.1 14.0
S2B 13.3 13.9
S3A 13 14.1
S3B 13.2 13.8
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b) Filter and cable losses

Using RF Box branch A, we also analyzed the losses external to the RF Box, specifically the filter, cable loss, and other accessories. We injected a signal
in the system in two different configurations. We used a signal generator + RF Box branch A + analyzer in the first configuration. We used a signal
generator + filter + RF Box branch A + analyzer in the second configuration. As a result, the attenuation of the filter is about 6.43 dB.

c) Attenuator characterization

Each branch corresponding to the desired signal is composed of a low-noise amplifier, a variable attenuator controlled via IP and a set of RF integrators
used to insert noise into the desired signal. The two noise inputs (one for each polarization) each have a variable attenuator, used in the test to calculate
the minimum signal-to-noise ratio at which the system can decode the signal without reaching the minimum bit error rate.

Tables 7.2 and 7.3 present the attenuation for each attenuator in 10 dB increments.

Table 7.2 - Attenuator loss characterization for signal input.

Output Output
Attenuator 1 Attenuator 2

(dB) S1A S2A S3A (dB) S2B S2B S2B

(dB) (dB) (dB) (dB) (dB) (dB)

0 0.00 0.00 0.00 0 0.00 0.00 0.00
-10 -10.06 | -10.13 | -10.03 -10 -10.05 | -10.01 | -10.02
-20 -19.74 | -19.87 | -19.70 -20 -19.80 | -19.77 | -19.77
-30 -29.71 | -29.81 | -29.64 -30 -29.73 | -29.69 | -29.69
-40 -39.59 | -39.72 | -39.51 -40 -39.62 | -39.56 | -38.59
-50 -49.69 | -49.86 | -49.63 -50 -49,71 | -49.73 | -49.69
-60 -59.31 | -59.60 | -59.12 -60 -59,16 | -59.16 | -59.04
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Table 7.3 - Attenuator loss characterization for noise input.

Output | | Output _
Attenuator 3 Attenuator 4
(dB) S1A (dB) S1B
0 | 0,00 0 | 000
-10 -10.44 -10 -10.02
20 | 2017 | -20 -19.74
-30 -29.95 -30 | -2956
-40 | 3952 | 40 | -394
-50 -49.79 -50 | -49.64
-60 -59.28 -60 -59.41

7.1.2 Antennas

We received 3 antennas models to perform field tests. One of them is a panel antenna with two entries, one for each polarization. This antenna was used
for outdoor test and was installed at the mast of the mobile unit. The second antenna is a panel antenna too and was used for indoor test. The third is an
omnidirectional antenna and was used to perform a drive test. Specifications are in Table 7.4.

Table 7.4 - Antennas specifications.

ANTENNA Pattern Operation Band (MHz) | Gain (dBi) Zin (W) Polarization Return Loss (dB)
Ideal Panel 566-674 8.7 50 H/V > 10
VH-PT00-5767 Panel 470-698 4 75 H/V > 10
VH-SLDP-5767 Omni 470-698 0 50 H/V > 10

7.2 Testing Sites

The field test sites are located in the districts of Jacarepagua, Barra da Tijuca, and Recreio dos Bandeirantes, which are located in the western zone of
Rio de Janeiro city. The main reasons for selecting this area are:

a) It's the most suitable area for implementing the standards of recommendation ITU-R SM.1875-3;
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b) It allows the reuse of measurements considering Sumaré and Pena transmission sites;
c) Safety reasons.

We simulated the coverage prediction using PROGIRA software to provide the approximate values of the electric field strength in the test area. The
software loads the topography and morphology of the environment. It calculates the electric field strength considering the phenomena of diffraction,
tropospheric dispersion, reflection, refraction, and losses when entering the relief and constructions. The coverage area prediction from the transmitting
antennas installed at the Sumaré and Penna stations and the expected electric field strength in dBuV/m are in Figure 7.2.

{ Legenda (dBuV/m)
I 45,8196044 - 50
[ 50,00000001 - 60
[ 60,00000001 - 70
[] 70,00000001 - 80
[]80,00000001 - 90
[190,00000001 - 100
[ 100,0000001 - 110
e [] 110,0000001 - 120
[ 120,0000001 - 130

BT 2 TR (P it Ehwhe e AT U

(a) Sumaré (b) Penna
Figure 7.2 - Coverage Predictions of broadcast stations.

Due to the region's topography, it was not possible to strictly follow the standards of ITU-R SM.1875-3 for choosing the measurement points. Due to time
limitations, we selected a limited number of sites within the predicted coverage area with different population densities, traffic, terrain (rugged and flat,
proximity or not to water bodies), and azimuth to the transmitters. Figure 7.3 shows the selected measurement locations. We have a total of 30 outdoor
sites and nine indoor sites. Among the 30 outdoor sites, we included the outdoor measurements of each indoor site to compare the effects of the building
over the reception in the area.
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Concerning the indoor sites, they were selected considering the coverage area and the availability for the researcher team being for hours to perform the
tests. Moreover, we need to return to the same place a few times to complete different technology configuration analyses.

Ste Ouidoor/indoor
Ste Outdoot
Transmatios

LE M sm—

3to Redentor
—_— 3

ante Dona Marta

S .
f | < ~ —~
ENGENHO! - -'A. L,-U'RIL,H‘A e

S OF DENTROE ; Lo
. £ . - ot .
5 . WS .
. P, . A S N o
£ Camadas : X AR e S .

Google © 1005  Atribuicho de dados  02/05/:2004- 124022024 L 6.000Mm | Camern: 15km 23002675 43QINOW Em

Figure 7.3 - Measurement sites.
In sum, we defined the number of tested areas based on the following assumptions:
a) terrain difference within and around the planned coverage area;

b) existence of necessary precision for coverage evaluation;
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c) access availability;
d) availability of indoor site; and
¢) maximum measurement effort possible, considering the project schedule, the size of the team, and the available measurement devices.

Table 7.5 shows the summarized information about each site. We specify which sites we used as outdoor and/or indoor sites, and the average channel
power measured in vertical and horizontal polarization. We considered all the measurements performed in each site, considering that the number of
measurements in each site varies, as some measurement campaigns used a subset of the sites due to schedule constraints.

It is important to note that the researcher team planned to perform a measurement campaign using all sites for the main configuration of each technology
and a subset containing 20 outdoor sites and four indoor sites for extra configurations suggested by SBTVD Forum. Nevertheless, we had four test
interruptions for vehicle maintenance, which impacted this initial planning. Hence, smaller subsets were used in the extra campaigns, as the tests were
finished before initial subset completion due to schedule restrictions. We could not compensate for the lost days in car maintenance due to SBTVD Forum
schedule restrictions. The extra configurations were requested by the SBTVD forum to perform extra campaigns. Thus, the extra measurement tests are
optional and not essential for choosing the candidate technology to be the Brazilian TV 3.0 Standard.
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Table 7.5 - Final selection of measurement sites.
Outdoor | Distance to Outdoor Average Outdoor Average Chonnel

Site | Latitude | Longitude Address fndoor | Penna (km) | Channel Power -V (dBm) Power - H (dBm)
1 -22.997507| -43.328922|Av. das Américas, 1650 - Barra da Tijuca, Rio de Janeiro - R), 22640-101 0+ 6.6 -39.71 -39.65
2 -23.006203| -43.333335|Av. Sen. Danton Jobim, 820 - Barra da Tijuea, Rio de Janeire - I, 22631-060 (8] 7.5 -71.45 -75.52
3 -23,00289| -43.342009|Av. Gastio Sengés, 185 - Barra da Tijuca, Rio de Janeiro - RJ, 22631-280 O+ 7.0 -67.41 -67.42
4 -22.997372| -43.33625|R. Mario Melo - Barra da Tijuca, Rio de Janeiro - RJ, 22640-100 o 6.5 -62.15 -62.58
5 -23.001388| -43.347166|Av. Assis Chateaubriand, 301 - Barra da Tijuca, Rio de Janelro - R, 22631-320 (8] 6.7 -572.77 -57.39
& -22.996291| -43.354979|Av. Luis Carlos Prestes - Barra da Tijuca, Rio de Janeiro - RI, 22640-102 0 6.2 -65.29 -63.86
7 -22,99645| -43.365296|4v. das Américas, 5150 - Barra da Tijuca, Rio de Janeiro - RJ, 22640-102 o 6.5 -57.54 -55.08
8 -22.9858%9| -43.359167|Av. Jodo Cabral de Mello Meto, 405 - Barra da Tijuca, Rio de Janeiro - RJ, 22775-057 (8] 5.1 -59.19 -58.14
E] -22.974372| -43.35656|Av. Projetada 3, Vila do Pan - lacarepagud, Rio de Janeire - RJ, 22775-036 (8] 18 -36.52 -37.68
10 | -22.959769| -43.356765|Av. Ayrton Senna, 6000 - Jacarepagus, Rio de Janeiro - RJ, 22775-005 (8] 22 -33.75 -35.34
11 | -22.972765| -43.367048)Av. Almirante Jilio de Sa Bierrenbach - Jacarepagud, Rio de Janeiro - RJ, 22775-022 0 4.0 -51.17 -51.29
12 | -22.9659287| -43.379213|Av. lose Wilker, Jacarepagua, Rio de Janeiro - R o] 4.5 -41.46 -41.12
13 | -22.965617| -43.389325|4v. Vice Pres. José Alencar, 7 - Jacarepagud, Rio de laneiro - R, 22775-033 0 5.0 -61.91 -61.76
14 | -22.999160|-43,3719470|Av. das Américas, G000 - Barra da Tijuca, Rio de laneiro - R, 22793-080 [a] £.9 -44.10 -43.50
15 | -22.974721) -43.400773)|Av. Embaixador Abelardo Bueno, 5001 - Barra da Tijuca, Rio de Janeiro - RJ, 22775038 0 6.5 -61.29 -62.74
16 | -22.960635| -43.403654|Estr. de Curicica, 192-204 - Curicica, Rio de Janeiro - R, 23710-560 o 6.2 -51.50 -51.23
17 | -22.998755| -43.375285|Av. das Américas, N® 6120 - Barra da Tijuea, Rio de Janeirs - RJ, 22793-080 O+ 7.0 -42.97 -42 85
18 | -23.002504| -43.388385|Av. das Américas, 8445 - Barra da Tijuca, Rio de Janeiro - R, 22793-081 O+ 21 63,80 -52.32
19 | -23.000793| -43.414506)Av. das Américas, 10605 - Barra da Tiuca, Rio de Janeiro - RJ, 22783-082 8] 9.6 -47.11 -46.97
20 | -23.002602| -43.376897|Rua Ataulpho Coufinho, 80 - Barra da Tijuca, Ric de Janeiro - RJ, 22793-520 O+l 7.4 -41.97 -31.62
21 | -23.007774| -43.428911|Condominio Barra Sul - Praga Sao Marcos, 10 - Barra da Tiuca, Rio de Janeiro - RJ, 22783-38 O+l 11.0 -62.78 -62.11
22 | -23.020473) -43.440157|Av. Licio Costa, S/N - Barra da Tijuca, Rio de Janeiro - RJ, 22620-170 [a] 13.0 -53.00 -52.37
23 | -23.0147%9) -43.406583|Av. Licio Costa, S/N - Barra da Tijuca, Rio de Janeiro - RJ, 22795-006 o 10.1 -456.00 -436.13
24 | -23.013019| -43.393763|Av. Licio Costa, 5/N - Barra da Tijuca, Rio de Janeiro - RJ, 22830-012 o 9.3 -49.87 -50.38
25 | -23.012123| -43.384085|Av. Licio Costa, S/N - Barra da Tijuca, Rio de Janeiro - R, 22820-170 (8] 87 52 82 -52.60
26 [ -23.010459| -43.362609|Av. Licio Costa, 6388 - Barra da Tijuca, Rio de Janeiro - RJ, 22630-013 (8] 74 -51.55 -53.00
27A | -23.012123| -43.384085|R. Prof. Sikio Fialho - Jacarepagua, Rio de Janeiro - RJ, 22750-470 8] 2.0 -44.04 -41.99
278 | -2294731) -43.33169|Rua Prof Femande Raja Gabaglia, 217 - Anil, Jacarepagua, Rio de Janeiro - RJ, 22750660 | 1.8 - -
28 | -23.010049| -43.356259|Av. Licio Costa, 6000 - Barra da Tijuca, Rio de Janeiro - RJ, 22630-012 O+l 7.6 -49.34 -50.10
29 | -22.939926| -43.345226|Ladeira da Freguesia, 375 - Freguesia, Jacarepagud, Rio de Janeiro - RJ, 22760-080 O+ 0.4 -58.66 -58.27
30 [-22.93B003] -43.333644|Estr. do Bananal, 400 - Freguesia (Jacarepagua), Rio de Janeiro - RJ, 22750-013 8] 16 -64.12 -63.88
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7.2.1

Outdoor and Indoor fixed sites

19 July 2024

In the following sections, we present a detailed description of each site. The site profile indicates causes for differences observed in measurements

between sites.

7.21.1 Site 1
a) Outdoor
Table 7.6 - Site 1 outdoor profile.
Site Index 1 - ION Intelligent Center, Globo
Geographic 22°59'51.10"S

coordinates

43°19'43.95"0

Address

Av. das Américas, 1650 - Barra da Tijuca, Rio de Janeiro - RJ, 22640-101

Distance between TX
and RX

6.6 km

Average power
reception

Vertical polarization: -36 dBm
Horizontal polarization: -38 dBm

Area description

ION parking is an area with medium-height buildings and little vegetation, and it is close to Tijuca Lake, as shown in
Figure 7.4.

Altitude profile

Transmission without interference from mountains, as shown in Figure 7.5.

Signal characterization

Good reception, with flat frequency fading and high signal level, as shown in Figure 7.6.
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Figure 7.4 - Area around Site 1, showing the positioning of the measurement van.

Page 24 of 1923



SBTVD Forum - TV 3.0 Project - Phase 3 - Over-the-air Physical Layer Field Tests

Site 1 - Penna
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Figure 7.5 - Map showing the position of Site 1 relative to the Penna transmitter and the altitude profile of the path between these two points.
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19 July 2024
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Figure 7.6 - Example of the received signal at Site 1, with a 15 dB attenuation.
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b) Indoor

We performed measurements in the building next to the outdoor site on the second floor. The antenna was near a closed window, as shown in Figure 7.7.
The position was selected to maximize reception power. We observe approximately a 25 dB loss in channel power, compared to the outdoor site, and
low impact on the fading pattern, as shown in Figure 7.8.

Figure 7.7 - Indoor area of Site 1, showing the antenna positioning.
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Figure 7.8 - Example of the indoor received signal at Site 1.
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7.21.2 Site 2

a) Outdoor

Table 7.7 - Site 2 outdoor profile.

Site Index 2 - Condominio Santa Lucia

Geographic coordinates 23°0'22.39"S
43°20'0.41"0

Address Av. Sen. Danton Jobim, 620 - Barra da Tijuca, Rio de Janeiro - RJ, 22631-060

Distance between TX and | 7.5 km
RX

Average power reception | Vertical polarization: -71 dBm
Horizontal polarization: -76 dBm

Area description Street has meager traffic and little vegetation and is close to the Marapendi Canal, as shown in Figure 7.9.
Altitude profile Transmission with mountain interference, with impact on frequency fading selectivity, as shown in Figure 7.10.
Signal characterization Selective frequency fading and low signal level, as shown in Figure 7.11.
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Figure 7.9 - Area around Site 2, showing the positioning of the measurement van.
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Site 2 - Penna
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Figure 7.10 - Map showing the position of Site 2 relative to the Penna transmitter and the altitude profile of the path between these two points.

Page 31 of 1923



SBTVD Forum - TV 3.0 Project - Phase 3 - Over-the-air Physical Layer Field Tests 19 July 2024

B A e v Muben Sop Wees oo Carmecs  Yindas Moy Tahavonks B A M Yew Maters Sng Pows Tes o Wndaw  Wep Telrronix

”, ”

Figure 7.11 - Example of the received signal at Site 2.
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7.2.1.3 Site 3

a) Outdoor

Table 7.8 - Site 3 outdoor profile.

Site Index 3 - Condominio Mediterraneo Flat

Geographic coordinates 23° 0'10.65"S
43°20'31.46"0

Address Av. Gastdo Sengés, 185 - Barra da Tijuca, Rio de Janeiro - RJ, 22631-280

Distance between TX and | 7.0 km
RX

Average power reception | Vertical polarization: -67 dBm
Horizontal polarization: -67 dBm

Area description Street with meager traffic, little vegetation, and close to high buildings, as shown in Figure 7.12.
Altitude profile Transmission with mountain interference and high impact on frequency fading selectivity, as shown in Figure 7.13.
Signal characterization Good signal level reception, with selective frequency fading, as shown in Figure 7.14.
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Figure 7.12 - Area around Site 3, showing the positioning of the measurement van.
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Figure 7.13 - Map showing the position of Site 3 relative to the Penna transmitter and the altitude profile of the path between these two points.
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19 July 2024

Tedutronix

Figure 7.14 - Example of the received signal at Site 3.
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b) Indoor

We performed measurements in the building next to the outdoor site on the seventh floor. The antenna was pointed to a wall near a closed window, as
shown in Figure 7.15. The position was selected to maximize reception power. We observe approximately an increase of 5 dB on channel power,
compared to the outdoor site, and an improvement on fading pattern, as shown in Figure 7.16. This increase is attributed to the much higher height than
the outdoor point, with a view towards the antenna with less interference. This scenario compensates for the losses expected for an indoor scenario,
when compared to an outdoor one.

Figure 7.15 - Indoor area of Site 3, showing the antenna positioning.
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Figure 7.16 - Example of indoor received signal at Site 3.
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7214 Site 4

a) Outdoor

Table 7.9 - Site 4 outdoor profile.

Site Index 4 - Freeway supermarket

Geographic coordinates 22°59'51.16"S
43°20'10.63"0

Address R. Mario Melo - Barra da Tijuca, Rio de Janeiro - RJ, 22640-100

Distance between TX and | 6.5 km
RX

Average power reception | Vertical polarization: -62 dBm
Horizontal polarization: -63 dBm

Area description Street with meager traffic, a little vegetation, and close to low buildings and Tijuca Lake, as shown in Figure 7.17.
Altitude profile Transmission with mountain interference, and low impact on frequency fading selectivity, as shown in Figure 7.18.
Signal characterization Good reception, with almost flat frequency fading, as shown in Figure 7.19.
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Figure 7.17 - Area around Site 4, showing the positioning of the measurement van.
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Figure 7.18 - Map showing the position of Site 4 relative to the Penna transmitter and the altitude profile of the path between these two points.
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Figure 7.19 - Example of the received signal at Site 4.
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7.2.1.5 Site 5

a) Outdoor

Table 7.10 - Site 5 outdoor profile.

Site Index 5 - Condominio Blue Ship

Geographic coordinates 23° 0'5.01"S
43°20'49.79"0

Address Av. Assis Chateaubriand, 301 - Barra da Tijuca, Rio de Janeiro - RJ, 22631-320

Distance between TX and | 6.7 km
RX

Average power reception | Vertical polarization: -58 dBm
Horizontal polarization: -57 dBm

Area description Street with meager traffic and a little vegetation, and close to a few buildings, as shown in Figure 7.20.
Altitude profile Transmission without mountain interferences, as shown in Figure 7.21.
Signal characterization Good reception, with almost flat frequency fading, as shown in Figure 7.22.
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Figure 7.20 - Area around Site 5, showing the positioning of the measurement van.
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Figure 7.21 - Map showing the position of Site 5 relative to the Penna transmitter and the altitude profile of the path between these two points.
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Figure 7.22 - Example of the received signal at Site 5.
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7.2.1.6 Site 6

19 July 2024

a) Outdoor
Table 7.11 - Site 6 outdoor profile.
Site Index 61 Forum
Geographic coordinates 22°59'46"S
43°21'17"W

Address

Av. Luis Carlos Prestes - Barra da Tijuca, Rio de Janeiro - RJ, 22640-102

Distance between TX and
RX

6.2 km

Average power reception

Vertical polarization: -65 dBm
Horizontal polarization: -64 dBm

Area description

It is a street with meager traffic and little vegetation, close to Tijuca Lake, as shown in Figure 7.23.

Altitude profile

Transmission without mountain interferences, as shown in Figure 7.24.

Signal characterization

The signal has a good reception level but with selective frequency fading, as shown in Figure 7.25.
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Figure 7.23 - Area around Site 6, showing the positioning of the measurement van.
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Figure 7.24 - Map showing the position of Site 6 relative to the Penna transmitter and the altitude profile of the path between these two points.
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Figure 7.25 - Example of the received signal at Site 6.
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7.21.7 Site 7

a) Outdoor

Table 7.12 - Site 7 outdoor profile.

Site Index

7 - Carrefour Supermarket

Geographic coordinates

22°59'47"S
43°21'54"W

Address

Av. das Américas, 5150 - Barra da Tijuca, Rio de Janeiro - RJ, 22640-102

Distance between TX and
RX

6.5 km

Average power reception

Vertical polarization: -58 dBm
Horizontal polarization: -55 dBm

Area description

The parking area is close to an avenue with high traffic, as shown in Figure 7.26.

Altitude profile

Transmission without mountain interferences, as shown in Figure 7.27.

Signal characterization

Signal with good reception level but with selective frequency fading in vertical polarization and flat frequency fading in
horizontal polarization, as shown in Figure 7.28.
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Figure 7.26 - Area around Site 7, showing the positioning of the measurement van.
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Figure 7.27 - Map showing the position of Site 7 relative to the Penna transmitter and the altitude profile of the path between these two points.
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Figure 7.28 - Example of the received signal at Site 7.
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7.2.1.8 Site 8

a) Outdoor
Table 7.13 - Site 8 outdoor profile.
Site Index 81 CEO Business Building
Geographic coordinates 22°59'09"S
43°21'33"W
Address Av. Jodo Cabral de Mello Neto, 405 - Barra da Tijuca, Rio de Janeiro - RJ, 22775-057

Distance between TX and | 5.1 km
RX

Average power reception | Vertical polarization: -59 dBm
Horizontal polarization: -58 dBm

Area description Streets with low traffic, close to high buildings, and little vegetation are shown in Figure 7.29.
Altitude profile Transmission without mountain interferences, as shown in Figure 7.30.
Signal characterization The signal had a good reception level but was degraded with selective frequency fading, as shown in Figure 7.31.
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Figure 7.29 - Area around Site 8, showing the positioning of the measurement van.
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Site 8 - Penna

Figure 7.30 - Map showing the position of Site 8 relative to the Penna transmitter and the altitude profile of the path between these two points.

Page 57 of 1923



SBTVD Forum - TV 3.0 Project - Phase 3 - Over-the-air Physical Layer Field Tests 19 July 2024

- =
BaA e Yo Muby Sng Peets Tom T Telororss B A e Vew M wtip Pty Took Cawms  Window Wy Tahtrooix
== S - 5 } ) -
. ‘ L £ Ot it domy ¥ He o
S ” e ”
1 aseam [

Figure 7.31 - Example of the received signal at Site 8.
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7.2.1.9 Site 9

a) Outdoor
Table 7.14 - Site 9 outdoor profile.
Site Index 91 Pan Village
Geographic coordinates 22°58'27"S
43°21'23"W
Address Av. Projetada 3, Vila do Pan - Jacarepagud, Rio de Janeiro - RJ, 22775-036

Distance between TX and | 3.8 km
RX

Average power reception | Vertical polarization: -37 dBm
Horizontal polarization: -38 dBm

Area description Street with low traffic and close to high buildings, a small canal, and little vegetation, as shown in Figure 7.32.
Altitude profile Transmission without mountain interferences, as shown in Figure 7.33.
Signal characterization Signal with good reception level, with flat frequency fading, as shown in Figure 7.34.
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Figure 7.32 - Area around Site 9, showing the positioning of the measurement van.
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Figure 7.33 - Map showing the position of Site 9 relative to the Penna transmitter and the altitude profile of the path between these two points.
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Figure 7.34 - Example of the received signal at Site 9, attenuated in 15 dB.
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7.2.1.10 Site 10

a) Outdoor

Table 7.15 - Site 10 outdoor profile.

Site Index 107 Assai Atacadista Supermarket

Geographic coordinates 22°57'35"S
43°21'24"W

Address Av. Ayrton Senna, 6000 - Jacarepagud, Rio de Janeiro - RJ, 22775-005

Distance between TX and | 2.2 km
RX

Average power reception | Vertical polarization: -34 dBm
Horizontal polarization: -35 dBm

Area description Street with high traffic and close to high buildings, as shown in Figure 7.35.
Altitude profile Transmission without mountain interferences, as shown in Figure 7.36.
Signal characterization The signal has a good reception level but with selective frequency fading, as shown in Figure 7.37.
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Figure 7.35 - Area around Site 10, showing the positioning of the measurement van.
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Figure 7.36 - Map showing the position of Site 10 relative to the Penna transmitter and the altitude profile of the path between these two points.
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Figure 7.37 - Example of the received signal at Site 10, attenuated by 15 dB.
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7.2.1.11 Site 11

a) Outdoor
Table 7.16 - Site 11 outdoor profile.
Site Index 117 Cond. Worldwide Offices
Geographic coordinates 22°58'21"S
43°22'01"W
Address Av. Almirante Julio de Sa Bierrenbach - Jacarepagud, Rio de Janeiro - RJ, 22775-022

Distance between TX and | 4.0 km
RX

Average power reception | Vertical polarization: -51 dBm
Horizontal polarization: -51 dBm

Area description Parking close to streets with high traffic and high buildings, as shown in Figure 7.38.
Altitude profile Transmission without mountain interferences, as shown in Figure 7.39.
Signal characterization Signal with good reception level, but degraded with selective frequency fading, as shown in Figure 7.40.
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Figure 7.38 - Area around Site 11, showing the positioning of the measurement van.
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Figure 7.39 - Map showing the position of Site 11 relative to the Penna transmitter and the altitude profile of the path between these two points.
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Figure 7.40 - Example of the received signal at Site 11
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7.2.1.12 Site 12

a) Outdoor
Table 7.17 - Site 12 outdoor profile.
Site Index 127 SARA Hospital
Geographic coordinates 22°58'09"S
43°22'45"W
Address Av. José Wilker, Jacarepagua, Rio de Janeiro i RJ

Distance between TX and | 4.5 km
RX

Average power reception | Vertical polarization: -41 dBm
Horizontal polarization: -41 dBm

Area description Street with low traffic and little vegetation, as shown in Figure 7.41.
Altitude profile Transmission without mountain interferences, as shown in Figure 7.42.
Signal characterization Signal with good reception level, with flat frequency fading, as shown in Figure 7.43.
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Figure 7.41 - Area around Site 12, showing the positioning of the measurement van.
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Site 12 - Penna

Figure 7.42 - Map showing the position of Site 12 relative to the Penna transmitter and the altitude profile of the path between these two points.
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Figure 7.43 - Example of the received signal at Site 12, attenuated by 15 dB.
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7.2.1.13 Site 13

a) Outdoor

Table 7.18 - Site 13 outdoor profile.

19 July 2024

Site Index

137 Cond. Cidade Jardim

Geographic coordinates

22°57'56"S
43°23'20"W

Address

Av. Vice Pres. José Alencar, 7 - Jacarepagud, Rio de Janeiro - RJ, 22775-033

Distance between TX and
RX

5.0 km

Average power reception

Vertical polarization: -62 dBm
Horizontal polarization: -62 dBm

Area description

Street with low traffic and little vegetation, close to high buildings, as shown in Figure 7.44.

Altitude profile

Transmission without mountain interferences, as shown in Figure 7.45.

Signal characterization

Signal with good reception level, with selective frequency fading, as shown in Figure 7.46.
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Figure 7.44 - Area around Site 13, showing the positioning of the measurement van.
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Figure 7.45 - Map showing the position of Site 13 relative to the Penna transmitter and the altitude profile of the path between these two points.
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Figure 7.46 - Example of the received signal at Site 13.

Page 78 of 1923



SBTVD Forum - TV 3.0 Project - Phase 3 - Over-the-air Physical Layer Field Tests

7.2.1.14 Site 14

a) Outdoor

Table 7.19 - Site 14 outdoor profile.

19 July 2024

Site Index

14 7 Barra Forest

Geographic coordinates

22°59'57"S
43°22'19"W

Address

Av. das Américas, 6000 - Barra da Tijuca, Rio de Janeiro - RJ, 22793-080

Distance between TX and
RX

6.9 km

Average power reception

Vertical polarization: -44 dBm
Horizontal polarization: -43 dBm

Area description

Parking of the forest, close to vegetation and a few low buildings, as shown in Figure 7.47.

Altitude profile

Transmission without mountain interferences, as shown in Figure 7.48.

Signal characterization

Signal with good reception level, with flat frequency fading, as shown in Figure 7.49.
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Figure 7.47 - Area around Site 14, showing the positioning of the measurement van.
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Figure 7.48 - Map showing the position of Site 14 relative to the Penna transmitter and the altitude profile of the path between these two points.
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Figure 7.49 - Example of the received signal at Site 14, attenuated by 15 dB.
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7.2.1.15 Site 15

a) Outdoor

Table 7.20 - Site 15 outdoor profile.

Site Index

157 Olympic City

Geographic coordinates

22°58'25"S
43°24'03"W

Address

Av. Embaixador Abelardo Bueno, 5001 - Barra da Tijuca, Rio de Janeiro - RJ, 22775-039

Distance between TX and
RX

6.5 km

Average power reception

Vertical polarization: 61 dBm
Horizontal polarization: 63 dBm

Area description

Parking of the Olympic City, close to some buildings and an avenue with a lot of traffic, as shown in Figure 7.50.

Altitude profile

Transmission without mountain interferences, as shown in Figure 7.51.

Signal characterization

Signal with good reception level, with flat frequency fading, but with some degradation on the vertical polarization, as
shown in Figure 7.52.
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Figure 7.50 - Area around Site 15, showing the positioning of the measurement van.
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Figure 7.51 - Map showing the position of Site 15 relative to the Penna transmitter and the altitude profile of the path between these two points.
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Figure 7.52 - Example of the received signal at Site 15.
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7.2.1.16 Site 16

a) Outdoor

Table 7.21 - Site 16 outdoor profile.

19 July 2024

Site Index

167 Globo Studios

Geographic coordinates

22°57'42"S
43°24'16"W

Address

Estr. de Curicica, 192-204 - Curicica, Rio de Janeiro - RJ, 22710-560

Distance between TX and
RX

6.2 km

Average power reception

Vertical polarization: -52 dBm
Horizontal polarization: -51 dBm

Area description

Wide parking area, close to low buildings and vegetation area, as shown in Figure 7.53.

Altitude profile

Transmission without mountain interferences, as shown in Figure 7.54.

Signal characterization

Signal with good reception level, with flat frequency fading, as shown in Figure 7.55.
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Figure 7.53 - Area around Site 16, showing the positioning of the measurement van.
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Figure 7.54 - Map showing the position of Site 16 relative to the Penna transmitter and the altitude profile of the path between these two points.
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Figure 7.55 - Example of the received signal at Site 16, attenuated by 15 dB.
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7.2.1.17 Site 17

a) Outdoor

Table 7.22 - Site 17 outdoor profile.

Site Index 17 7 Vicente Januzzi School

Geographic coordinates 22°59'57"S
43°22'31"W

Address Av. das Américas, N° 6120 - Barra da Tijuca, Rio de Janeiro - RJ, 22793-080

Distance between TX and | 7.0 km
RX

Average power reception | Vertical polarization: -43 dBm
Horizontal polarization: -43 dBm

Area description Street with low traffic, close to low buildings, as shown in Figure 7.56.
Altitude profile Transmission without mountain interferences, as shown in Figure 7.57.
Signal characterization Signal with good reception level, with flat frequency fading, as shown in Figure 7.58.

This site has an approximate 16 dB reception power difference between Penna and Sumaré transmitters. Hence, it
was selected for the frequency reuse-1 test.
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Figure 7.56 - Area around Site 17, showing the positioning of the measurement van.

Page 92 of 1923



SBTVD Forum - TV 3.0 Project - Phase 3 - Over-the-air Physical Layer Field Tests 19 July 2024

Site 17 - Penna i - VS b, R Vs S R Ci
. 4 : s 3 5 <= Medida do caminho

Wi43:18'36"

Figure 7.57 - Map showing the position of Site 17 relative to the Penna transmitter and the altitude profile of the path between these two points.
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19 July 2024
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Figure 7.58 - Example of received signal at Site 17, attenuated by 15 dB.
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b) Indoor

We performed measurements in the building next to the outdoor site, on the ground floor. The antenna was pointed to a wall and was near a window, as
shown in Figure 7.59. The position was selected to maximize reception power. We observe an average decrease of 27 dB on channel power, compared
to the outdoor site, and a similar fading pattern, as shown in Figure 7.60.

Figure 7.59 - Indoor area of Site 17, showing the antenna positioning.
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Figure 7.60 - Example of indoor received signal at Site 17.

Page 96 of 1923



SBTVD Forum - TV 3.0 Project - Phase 3 - Over-the-air Physical Layer Field Tests 19 July 2024

7.2.1.18 Site 18

a) Outdoor

Table 7.23 - Site 18 outdoor profile.

Site Index 187 Cond. Barra Tower

Geographic coordinates 23°00'03"S
43°23'38"W

Address Av. das Américas, 8445 - Barra da Tijuca, Rio de Janeiro - RJ, 22793-081

Distance between TX and | 8.1 km
RX

Average power reception | Vertical polarization: -64 dBm
Horizontal polarization: -52 dBm

Area description Street with low traffic, close to high buildings, as shown in Figure 7.61.
Altitude profile Transmission without mountain interferences, as shown in Figure 7.62.
Signal characterization Signal with good reception level, but with selective frequency fading, as shown in Figure 7.63.

This site has approximately the same reception power from Penna and Sumaré transmitters. Hence, it was selected
for the frequency reuse-1 test.
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Figure 7.61 - Area around Site 18, showing the positioning of the measurement van.
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Figure 7.62 - Map showing the position of Site 18 relative to the Penna transmitter and the altitude profile of the path between these two points.
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Figure 7.63 - Example of the indoor received signal at Site 18.
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b) Indoor

We performed measurements in the building next to the outdoor site, on the terrace, on the fifteenth floor. The antenna was on the floor pointed to a
hallway, as shown in Figure 7.64. The position was selected to maximize reception power. We observe a 6 dB decrease in channel power in vertical
polarization and a 17 dB decrease in horizontal polarization compared to the outdoor site. We also note an improvement in the fading pattern, as shown
in Figure 7.65. These changes are attributed to the much higher height than the outdoor point and the antenna opening area surrounded by walls.

Figure 7.64 - Indoor area of Site 18, showing the antenna positioning.
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Figure 7.65 - Example of the indoor received signal at Site 18.
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7.2.1.19 Site 19

a) Outdoor

Table 7.24 - Site 19 outdoor profile.

Site Index 19 - Fiat Italia store

Geographic coordinates 23°00'03"S
43°24'59"W

Address Av. das Américas, 10605 - Barra da Tijuca, Rio de Janeiro - RJ, 22793-082

Distance between TX and | 9.6 km
RX

Average power reception | Vertical polarization: -47 dBm
Horizontal polarization: -47 dBm

Area description Avenue with high traffic and close to buildings, as shown in Figure 7.66.
Altitude profile Transmission without mountain interferences, as shown in Figure 7.67.
Signal characterization Signal with good reception level, with flat frequency fading, as shown in Figure 7.68.

This site has an approximate 16 dB reception power difference between Penna and Sumaré transmitters. Hence, it
was selected for the frequency reuse-1 test.
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Figure 7.66 - Area around Site 19, showing the positioning of the measurement van.
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Figure 7.67 - Map showing the position of Site 19 relative to the Penna transmitter and the altitude profile of the path between these two points.
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Figure 7.68 - Example of the received signal at Site 19.
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7.2.1.20 Site 20

a) Outdoor

Table 7.25 - Site 20 outdoor profile.

19 July 2024

Site Index

20 - Collaborator Apartment

Geographic coordinates

23°00'08"S
43°22'37"W

Address

Rua Ataulpho Coutinho, 80 - Barra da Tijuca, Rio de Janeiro - RJ, 22793-520

Distance between TX and
RX

7.4 km

Average power reception

Vertical polarization: -42 dBm
Horizontal polarization: -42 dBm

Area description

Parking in a street with low traffic, with buildings and close to a square, as shown in Figure 7.69.

Altitude profile

Transmission without mountain interferences, as shown in Figure 7.70.

Signal characterization

Signal with good reception level, with flat frequency fading, as shown in Figure 7.71.

Page 107 of 1923



SBTVD Forum - TV 3.0 Project - Phase 3 - Over-the-air Physical Layer Field Tests 19 July 2024

Figure 7.69 - Area around Site 20, showing the positioning of the measurement van.

Page 108 of 1923



SBTVD Forum - TV 3.0 Project - Phase 3 - Over-the-air Physical Layer Field Tests 19 July 2024

Site 20 - Penna > W5 Es by, 093 TN j = | Legenda
g : ] . . < Medida 80 caminho

W43°18°36"™ .\ ‘\W. 43°17'24"

Figure 7.70 - Map showing the position of Site 20 relative to the Penna transmitter and the altitude profile of the path between these two points.
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Figure 7.71 - Example of the received signal at Site 20, attenuated by 3 dB.
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b) Indoor

We performed measurements in the building next to the outdoor site on the sixth floor. The antenna was pointed to a window, as shown in Figure 7.72.
The position was selected to maximize reception power. We observe a loss of 10 dB on channel power compared to the outdoor site and a similar fading
pattern, as shown in Figure 7.73.

Figure 7.72 - Indoor area of Site 20, showing the antenna positioning.
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Figure 7.73 - Example of the indoor received signal at Site 20.
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7.2.1.21 Site 21

a) Outdoor
Table 7.26 - Site 21 outdoor profile.
Site Index 21 - Saint Mark's Church
Geographic coordinates 23°00'27"'S
43°25'42"W
Address Condominio Barra Sul - Praca Sdo Marcos, 10 - Barra da Tijuca, Rio de Janeiro - RJ, 22793-360

Distance between TX and | 11.0 km
RX

Average power reception | Vertical polarization: -63 dBm
Horizontal polarization: -62 dBm

Area description Street with low traffic and low buildings, close to a square, as shown in Figure 7.74.

Altitude profile Transmission without mountain interferences, as shown in Figure 7.75.

Signal characterization Signal with good reception level and selective frequency fading, especially at vertical polarization, as shown in
Figure 7.76.
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Figure 7.74 - Area around Site 21, showing the positioning of the measurement van.
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Figure 7.75 - Map showing the position of Site 21 relative to the Penna transmitter and the altitude profile of the path between these two points.
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Figure 7.76 - Example of the received signal at Site 21.
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b) Indoor

We performed measurements in the building next to the outdoor site on the second floor. The room presented a covered balcony, and the antenna was
pointed to this balcony, as shown in Figure 7.77. The position was selected to maximize reception power. We observe an approximate 3 dB gain in the

vertical polarization and a 6 dB loss in channel power on horizontal polarization compared to the outdoor site. Also, we note a degraded fading pattern,
as shown in Figure 7.78.

Figure 7.77 - Indoor area of Site 21, showing the antenna positioning.
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Figure 7.78 - Example of the indoor received signal at Site 21.
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7.2.1.22 Site 22

a) Outdoor

Table 7.27 - Site 22 outdoor profile.

Site Index

22 - Reserva Beach

Geographic coordinates

23°01'14"S
43°26'25"W

Address

Av. Lucio Costa, S/N - Barra da Tijuca, Rio de Janeiro - RJ, 22620-170

Distance between TX and
RX

13.0 km

Average power reception

Vertical polarization: -53 dBm
Horizontal polarization: -52 dBm

Area description

Avenue bordering the Reserve beach, with the beach on one side and a natural reserve area on the other, as shown
in Figure 7.79. In the reserve area, there is a canal.

Altitude profile

Transmission without mountain interferences, as shown in Figure 7.80.

Signal characterization

Signal with good reception level, with flat frequency fading, as shown in Figure 7.81.
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Figure 7.79 - Area around Site 22, showing the positioning of the measurement van.
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Figure 7.80 - Map showing the position of Site 22 relative to the Penna transmitter and the altitude profile of the path between these two points.
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Figure 7.81 - Example of the received signal at Site 22.
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7.2.1.23 Site 23

a) Outdoor

Table 7.28 - Site 23 outdoor profile.

Site Index

23 - Reserva Beach 2

Geographic coordinates

23°00'53"S
43°24'22"W

Address

Av. Lucio Costa, S/N - Barra da Tijuca, Rio de Janeiro - RJ, 22795-006

Distance between TX and
RX

10.1 km

Average power reception

Vertical polarization: -46 dBm
Horizontal polarization: -46 dBm

Area description

Avenue bordering the Reserve beach, with beach on one side and natural reserve area on the other, as shown in
Figure 7.82. In the reserve area, there is a canal.

Altitude profile

Transmission without mountain interferences, as shown in Figure 7.83.

Signal characterization

Signal with good reception level, with flat frequency fading, as shown in Figure 7.84.
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Figure 7.82 - Area around Site 23, showing the positioning of the measurement van.
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Figure 7.83 - Map showing the position of Site 23 relative to the Penna transmitter and the altitude profile of the path between these two points.
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Figure 7.84 - Example of the received signal at Site 23, attenuated by 15 dB.
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7.2.1.24 Site 24

a) Outdoor

Table 7.29 - Site 24 outdoor profile.

Site Index

24 - Reserva Beach 3

Geographic coordinates

23°00'46"S
43°23'37"W

Address

Av. Lucio Costa, S/N - Barra da Tijuca, Rio de Janeiro - RJ, 22630-012

Distance between TX and
RX

9.3 km

Average power reception

Vertical polarization: -50 dBm
Horizontal polarization: -50 dBm

Area description

Avenue bordering the Reserve beach, with the beach on one side and a natural reserve area on the other, as shown
in Figure 7.85. In the reserve area, there is a canal.

Altitude profile

Transmission without mountain interferences, as shown in Figure 7.86.

Signal characterization

Signal with good reception level, with flat frequency fading, as shown in Figure 7.87.
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Figure 7.85 - Area around Site 24, showing the positioning of the measurement van.
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Figure 7.86 - Map showing the position of Site 24 relative to the Penna transmitter and the altitude profile of the path between these two points.
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Figure 7.87 - Example of the received signal at Site 24, attenuated by 15 dB.
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7.2.1.25 Site 25

a) Outdoor

Table 7.30 - Site 25 outdoor profile.

Site Index

25 - Reserva Beach 4

Geographic coordinates

23°00'43"S
43°23'00"W

Address

Av. Lucio Costa, S/N - Barra da Tijuca, Rio de Janeiro - RJ, 22620-170

Distance between TX and
RX

8.7 km

Average power reception

Vertical polarization: -53 dBm
Horizontal polarization: -53 dBm

Area description

Avenue bordering the Reserve beach, with the beach on one side and a natural reserve area on the other, as shown
in Figure 7.88. In the reserve area, there is a canal.

Altitude profile

Transmission without mountain interferences, as shown in Figure 7.89.

Signal characterization

Signal with good reception level, with flat frequency fading, as shown in Figure 7.90.
This site has approximately the same reception power from Penna and Sumaré transmitters. Hence, it was selected
for the frequency reuse-1 test.
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Figure 7.88 - Area around Site 25, showing the positioning of the measurement van.
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Figure 7.89 - Map showing the position of Site 25 relative to the Penna transmitter and the altitude profile of the path between these two points.
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Figure 7.90 - Example of the received signal at Site 25.
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7.2.1.26 Site 26

a) Outdoor

Table 7.31 - Site 26 outdoor profile.

Site Index

26 - Post 8, Barra Beach

Geographic coordinates

23°00'38"S
43°21'46"W

Address

Av. Lucio Costa, 6388 - Barra da Tijuca, Rio de Janeiro - RJ, 22630-013

Distance between TX and
RX

7.9 km

Average power reception

Vertical polarization: -52 dBm
Horizontal polarization: -53 dBm

Area description

Avenue bordering the Barra beach, with the beach on one side and high buildings on the other, as shown in
Figure 7.91. The avenue presents heavy traffic.

Altitude profile

Transmission without mountain interferences, as shown in Figure 7.92.

Signal characterization

Signal with good reception level, with flat frequency fading, as shown in Figure 7.93.
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Figure 7.91 - Area around Site 26, showing the positioning of the measurement van.
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Figure 7.92 - Map showing the position of Site 26 relative to the Penna transmitter and the altitude profile of the path between these two points.
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