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CONCEPTUAL POINTS OF RESEARCH

The topicality of the topic and the importance of the problem addressed

In accordance with the provisions of the Regional Agreement on the planning of the digital
terrestrial broadcasting service, signed at the ITU Regional Radio communication Conference
(Geneva, 2006) [1], starting with June 17, 2015 the Republic of Moldova (RM) assumed
responsibility for the implementation of digital terrestrial television (DTT). This paper is intended
for the conceptual development and implementation of the digital terrestrial television (DTT)
network in the RM. The choice of the research topic was determined by the reduction of the gap
between the rural and urban areas regarding access to diverse information (TV programs), the
integration of the region on the left bank of the Dniester River into the information space of the
Republic of Moldova. At the same time, the increased interest of the community regarding this new
technology was also taken into account. The research topic fully corresponds to the Digital
Transformation Strategy of the Republic of Moldova for 2023-2030, approved by the Ministry of
Economic Development and Digitalization of the Republic of Moldova, which aims to build a
modern digital society, aligned with the European integration agenda.

The purpose of the work is to conceptually develop and implement the DTT network
in the Republic of Moldova. In order to reduce operational costs and the resources required for
the implementation of the airwaves digitalization project, the task was set to build the first
national multiplex "MUX-A" based on the infrastructure of existing terrestrial networks, which
belong to the State Enterprise "Radiocomunicatii", the national operator in the field of terrestrial
broadcasting.

The objectives of the work are

1. Selection of the "MUX-A" coverage area forecasting model according to international
recommendations;
2. Determination of the operating parameters of the DTT network adjusted to the
infrastructure of existing terrestrial broadcasting networks;
3. Forecasting the field strength for the service areas of "MUX-A";
4. Development of the signal emission technology in the "shadow areas" of the designed
network;
5. Implementation of the project by putting "MUX-A" into operation;
6. Testing the quality parameters of the digital signal received in "MUX-A";
7.  Development of recommendations regarding the reception of the digital signal within the
single-frequency DVB-T2 terrestrial networks;
8. Estimation of the forecasting accuracy of the electromagnetic field strength in the
conditions of the relief and landscape of the RM.
Expected results of the research: conceptual development and implementation of the DTT
network in the Republic of Moldova that is technically, technologically and economically
efficient.

Scientific research methodology

To achieve the objectives of the thesis, the following research methods were used: linear
algebra, analytical geometry, communication theory, radio wave propagation theory, statistics,
international recommendations ITU-R P.370, ITU-R P.1546 and ITU-R P.1812, ETSI
international standards, regulations, acts and normative documents, planning of research and
measurements, measurements of signal quality indices in laboratory and field conditions,
comparative analysis of the values of signal quality indices obtained as a result of measurements.
For automated forecasting of field strength in the service areas of the national DTT multiplex, the
specialized software "ICS Telecom" was used.

4



Scientific novelty of the work

A new method for indirect estimation of inter-symbol interference at the input of the DVB-

T2 SFN SISO network receiver and its mitigation method was proposed. Based on the

research, the opportunity of using directional receiving antennas with many elements in a

DVB-T2 SFN SISO network, strictly oriented in the direction of the incident wave with the

highest field intensity, was demonstrated.

2. It was proposed to use the existing infrastructure of fiber optic networks for transmitting the
T2-MI stream at the input of DVB-T2 modulators located within the "shadow zones". The
implementation of this proposal made it possible to extend the signal by using the existing
infrastructure of low-height pylons, H = 27 m, and consequently allowed to significantly
reduce operational costs and the time required for the implementation of the DTT network.
At the same time, the technical implementation of this proposal made it possible to implement
remotely a video monitoring and signaling system for low-power DVB-T2 broadcasting
stations located in the "shadow areas".

3. The forecasting accuracy of the field intensity calculated using the ITU-R P. 370, ITU-R P.
1546 and ITU-R P. 1812 models was estimated under the conditions of the relief and
landscape of the Republic of Moldova.

Solved scientific problem

The conceptual benchmarks of the DTT network in the Republic of Moldova were
developed, the application of which allowed the implementation of the first national multiplex
based on the infrastructure of existing terrestrial networks (access roads, technical buildings,
electrical networks, towers, pylons, feeders, antennas, security and signaling systems, etc.),
belonging to the State Enterprise "Radiocomunicatii”, the national operator in the field of
terrestrial broadcasting. As a result, the operational costs and the time required for the
construction and commissioning of the DTT network were significantly reduced. In the process
of conceptual development and implementation of the DTT network in the Republic of Moldova,

a series of tests and researches were carried out, as a result of which: the opportunity of applying

the recommendations ITU-R P. 1546 and ITU-R P. 1812 for forecasting DVB-T2 signal coverage

areas under the conditions of the relief and landscape of the Republic of Moldova was
demonstrated; numerical values of the forecasting accuracy performed using the mentioned
models were obtained; a recommendation was developed on how to reduce inter-symbol
interference at the receiver input to a DVB-T2 SFN SISO network.
Main practical and scientific results submitted for support
The following results are submitted in support of the thesis:
Technology for using the ITU-R P.1546 and ITU-R P.1812 recommendations for forecasting
DVB-T2 signal coverage areas in the conditions of the relief and landscape of the Republic
of Moldova.

2. Development of the recommendation on how to reduce inter-symbol interference at the
receiver input to the DVB-T2 SFN SISO network.

3. Development of an alternative method for connecting the population to the digital terrestrial
signal in the "shadow areas" of the designed DTT network.

4. Conceptual development and implementation of a technically, technologically and

economically efficient DTT network in the Republic of Moldova.

Theoretical importance and applicative value of the work

Following the conceptual development and implementation of the DTT network in the

Republic of Moldova, the flexibility of the configuration parameters of the DVB-T2 system

was demonstrated, which can be easily adapted to the infrastructure of existing terrestrial
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networks, which allows to significantly reduce the operational costs for the implementation
of the DTT network.

Following theoretical and practical research, it was demonstrated that the use by viewers in a
DVB-T2 SFN SISO network of directional receiving antennas, with many elements, strictly
oriented in the direction of the incident wave with the highest field intensity, can considerably
reduce the inter-symbol interference of the signals at the receiver input. Making the
mentioned antennas available to viewers in commercial networks in the country has
significantly increased the quality of the services provided.

Research has shown that the use of Gap Fillers in the "shadow areas" of the Republic of
Moldova is not possible, since it requires ensuring the attenuation of signal crosstalk between
the input of the transmitting antenna and the output of the receiving antenna of about 100-
110 dB. Applying this condition to the infrastructure of existing 27 m high pylons is
practically impossible. For the emission of signals in the "shadow areas" of the Republic of
Moldova, it is appropriate to use low-power transmitters (provided that the T2-MI flow is
brought to the input of DVB-T2 modulators through the infrastructure of existing fiber optic
networks).

In the process of implementing "MUX-A", from a technological and legislative point of view,
the Republic of Moldova has been aligned with new TD standards, along with the most
developed European countries, and is currently making efforts to implement the latest
generation compression standard H.265.

Approval of the obtained results

The main scientific results were presented at the following conferences:
9th Edition, International Conference on Microelectronics and Informatics, "ICMCS-2017",
TUM, Chisinau, Moldova, October 19-21, 2017.
12th International Conference "Technologies of the Information Society (THO 2018)",
Moscow Technical University of Communications and Informatics (MTUCI), Moscow,
Russia, March 14-15, 2018.
6th Edition, International Conference on Telecommunications, Electronics and Informatics
"ICTEI 2018", TUM, Chisinau, Moldova, May 23-25, 2018.
International Conference "Systems of Signal Synchronization, Generating and Processing in
Telecommunications (Synchroinfo 2018)", Minsk State Academy of Communications,
Minsk, Belarus, 4-5 July 2018.
13th International Conference "Technologies of the Information Society (TUO 2018)",
Moscow Technical University of Communications and Informatics (MTUCI), Moscow,
Russia, March 20-21, 2019.
Technical and Scientific Conference of Students, Master's and PhD Students, TUM,
Chisinau, Moldova, March 26-29, 2019.
21st International Conference "Wave Electronics and its Application in Information and
Telecommunication Systems" (WECONF 2019), St. Petersburg State University of
Aecrospace Instrumentation (SUAI), Sankt-Petersburg, Russia, June 3-7, 2019.
International Conference "Systems of Signal Synchronization, Generating and Processing in
Telecommunications (Synchroinfo 2018)", P.G. Demidov Yaroslavl State University,
Yaroslavl, Russia, July 1-3, 2019.
10th International Conference on Electronics, Communications and Computing "ECCO
2019", Chisinau, Moldova, October 23-26, 2019.
11th International Conference on Electronics, Communications and Computing "ECCO
2021", Chisinau, Moldova, October 21-22, 2021.
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CONTENT OF THE THESIS

The introduction outlines the actuality and relevance of the thesis topic, as well as the
purpose, objectives, and scientific novelty of the research.

Chapter 1 describes the process of implementing DT technologies worldwide,
highlighting the advantages of DT technologies compared to analog television systems. The
technical and practical aspects related to the implementation of DTT in the Republic of Moldova
are studied and researched, namely: the advantages of TD systems; the choice of the digital
terrestrial broadcasting standard; the allocation of the radio spectrum for the implementation of
the project; the choice of the digital signal coding system; the technical features and advantages
of the DVB-T2 (Digital Video Broadcasting — Terrestrial) terrestrial broadcasting standard; the
technical features and synchronization elements of single-frequency DVB-T2 networks; the
problems of ensuring digital terrestrial broadcasting in "shadow areas"; the experience of
implementing DVB-T and DVB-T2 networks in other countries. Following the approach of the
mentioned technical aspects, the problem of conceptual development and implementation of the
DTT network in the Republic of Moldova was formulated, some preliminary recommendations
were formulated for the implementation of the project.

TD systems have undeniable advantages in relation to analog television systems,
namely:

- The radio frequency spectrum is managed much more efficiently, in the frequency
band of a channel that can transmit several TV programs, including with the high resolution of
the HD (High Definition) image.

- The digital image is of better quality than the analog one: it is clearer, contains more
details, because it is resistant to interference and noise.

- The viewer has access to several additional facilities, such as the EPG (Electronic
Program Guide) table, support in several languages, titles in different languages, etc.

Currently, several TD systems are in operation in the world [2,3]:

1. DVB (Digital Video Broadcasting) — systems implemented in the European Union
countries, Russia, Australia, Ukraine, RM, in most African countries.

2. ATSC (Advanced Television Systems Committee) — systems implemented in the
United States of America, Canada, Mexico, Argentina, Taiwan and South Korea.

3. ISDB (Integrated Services Digital Broadcasting) — systems implemented in Japan,
South America and other countries of the world.

4. DMB (Digital Multimedia Broadcasting) — systems implemented in South Korea,
China, Cuba, Hong Kong and other countries.

DVB represents a series of standards in the field of digital television developed by an
international consortium operating under the name DVB Project, today including about 300
companies from 35 countries. These standards are known under the following names: DVB-T,
DVB-T2 — for terrestrial broadcasting; DVB-H, DVB-SH, DVB-H2 — for portable devices; DVB-
S, DVB-S2, DVB-S2X — for satellite transmission; DVB-C, DVB-C2 — for cable transmission.

The DVB-T [4] and DVB-T2 [5] systems provide technical solutions for the
implementation of DTT networks. The implementation of these technologies allowed the
reorganization of the radio spectrum previously intended for analogue terrestrial television,
freeing up the upper part of the spectrum (694-862 MHz) for other new telecommunications
services. According to the statistical data from July 2022 on the distribution of DTT standards,
the DVB-T and DVB-T2 standards prevail in the world. Due to its geographical location, the
digital terrestrial television standards DVB-T and DVB-T2 have been adopted in the RM, but in
the near future only the DVB-T2 system will be used.
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Due to the application of the COFDM (Coded Orthogonal Frequency Division
Multiplexing) principle [6], the DVB-T and DVB-T2 digital terrestrial television systems are well
adapted for the implementation of DTT in conditions when the signal reaches the reception point
through several propagation paths. Due to this fact, the mentioned standards have been applied
for the implementation of DTT (in the VHF and UHF bands) in most countries of the world. The
decision to implement the DVB-T2 standard has been accepted by the administrations of Austria,
the United Kingdom, Germany, Denmark, India, Spain, Italy, Kazakhstan, Slovakia, Ukraine,
Romania, Belarus, Finland, the Czech Republic, Sweden, South Africa, Russia, Albania, Algeria
and many other countries. Moreover, in a large number of countries the transition to the DVB-T2
standard has already been completed, such as in Andorra, Austria, Colombia, the Czech Republic,
the Republic of Macedonia, Luxembourg, Portugal, Romania, France, Saudi Arabia, Germany,
Greece, Hungary, Iceland, Serbia, Slovakia, the United Kingdom, etc. At the same time, at the
global level, a migration trend from DVB-T technology to DVB-T2 technology and from the
MPEG-2 compression system to MPEG-4 and MPEG-H is observed.

According to the provisions of the Regional Agreement on the planning of the digital
terrestrial broadcasting service, approved at the Regional Radiocommunication Conference RRC-
06 (Geneva, 2006) [1] and ratified by the Law of the Parliament in 2008 [7], starting with June
17,2015, the Republic of Moldova assumed the responsibility of completing the digitalization of
terrestrial television networks [8]. This responsibility was assumed by 104 countries. At the
aforementioned conference, a new frequency plan was adopted that defined the use of
transmission bands III (VHF — 174-230 MHz) and bands IV/V (UHF — 470-862 MHz) for digital
terrestrial broadcasting. According to the final documents of RRC-06, the territory of the
Republic of Moldova was divided into 6 national service areas [1].

The location of the national DTT areas on the territory of the Republic of Moldova is
represented in Figure 1. In order to rationally use the radio spectrum, a decision was made to
implement DTT networks by applying SFN (Single Frequency Network) technology. Thus, 6
channels from the UHF frequency band were allocated for the implementation of "MUX-A".

{ Trifesti

| Causeni

Mindrestii Noi

Figure 1. Location of national DTT zones on the territory of the Republic of Moldova



The operation of TD systems is possible only under the condition of applying MPEG
(Moving Pictures Experts Group) technologies for coding (compression) of digital signals [3].
Currently, two digital video signal compression standards are widely used in the world:
H.262/MPEG-2 and H.264 AVC/MPEG-4. Recently, the H.265 HEVC/MPEG-H standard has
also been developed, which has undeniable advantages in terms of system capacity. This standard
is already beginning to be implemented in many countries around the world.

In 2016, jointly with a group of specialists from the State Enterprise
"Radiocommunicatii", technical tests of H.265 encoders were carried out with the aim of
applying, in the near future, this modern technology to the formation of national TD multiplexes.
Real tests, which were carried out in the municipality of Chisinau on channel 58, demonstrated
the efficiency of the new compression technology. Thus, based on the arguments presented to the
Ministry of Information Technology and Communications, by the Decision of the Government
of the Republic of Moldova [9], H.264 and H.265 technologies were approved as national
compression standards.

The architectural model of the DVB-T2 SFN cluster is represented in Figure 2. The
broadcast segment is composed of 3 basic elements: the audiovisual content encoding and
multiplexing station; the “T2 Gateway” stream processing station; the DVB-T2 modulators. The
first two form the central station of the system, the so-called “Head End” station. The encoding
and multiplexing station generates the TS (Transport Stream) or GS (Generic Stream) streams
which are subsequently applied to the input of the “T2 Gateway” device [10]. Its function is to
generate at its output the T2-MI (DVB-T2 Modulator Interface) serial stream, with digital packets
adapted for their further processing in the network modulators. The T2-MI stream is transmitted
to the modulators input via a distribution network.

Interface D
Interface A Interface B Interface C_ __ __ _T_,S_ .
TS’ ‘pvBTZ i
Input —_—— g — — = §54: i| sss
progra 55— | S5 /L T2 U mpPEG >
signals - { H
ig Video! | s T2 | Demodulator : Decoder |
audio i oL Modulator i
—f—’ —i» Basic T2- IR Ul SN ———
codersand | | Gat i
—) statistical | ateway ===
L Thlfﬂ_e)(e.f_ i N S%: S54: i | sss Dec:)detd
Centralised coding, ‘l’— M T2 M MPEG outpu
Input ~ Mdplerngena [ odulator | | Demodulator | [ Decoder pr:igr:;\;ne
istr on .
programme / = H g
signals |~ 7881777 / I
—>  Video/ |/ ,————~:———|
—p1 audio . ; .
! coders and ] Distribution Ss4: H SS5:
j coders and network T2 | MPEG
| Statistical | RF Demodulator | ; | Decoder
1 multiplexer 1 channel | i |
Optionalmultiple e e e — — — —
coding &multipglexing T2receiver

Figure 2. Architectural model of the DVB-T2 SFN system [11]

The implementation of the SFN network provides for the placement in the “C Interface”
of a cluster of several identical DVB-T2 signals with the binding of their time-frequency
resources to a single synchronization system. To achieve this goal, identical data contained in the
digital packets of the T2-MI stream are applied to the input of the network modulators. At the
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same time, the 10 MHz and 1 pps reference synchronization signals are applied to the input of
each modulator in the SFN network and to the input of the “T2 Gateway” device. For these
purposes, GPS, GLONASS global positioning receivers or other high-precision external reference
sources can be used. The 1 pps signal (one pulse per second) has a duration of 100 ns and is
formed by dividing the 10 MHz reference frequency.

To ensure signal coverage in the “shadow areas”, it is proposed to place low-power
repeaters in the field. In the case of implementing a single-frequency terrestrial network, low-
power fl1/fl repeaters, the so-called Gap Fillers, can be applied. At the same time, due to the
presence of echoes of the own signal at the Gap Filler input, there are a number of technical
limitations related to its operation. Based on the above, in the process of designing and
implementing "MUX-A", the task was set to investigate the opportunity/possibility of applying
Gap Fillers in the "shadow areas" of the Republic of Moldova.

After addressing the issues of developing and implementing DTT in the Republic of
Moldova, the following conclusions were drawn:

1. For the construction of "MUX-A" it will be necessary to implement the following
technical components: audiovisual content coding and multiplexing station; "T2 Gateway" station
for generating the T2-MI digital stream; IP network for distributing the T2-MI digital stream; 6
DVB-T2 SFN networks;.

2. In the process of implementing "MUX-A" it will be necessary to adjust the system
configuration parameters to the infrastructure of existing terrestrial broadcasting networks. The
use of the existing infrastructure will allow to essentially optimize the use of material resources
and will influence the final tariff for the provision of DTT services by national audiovisual
operators.

3. Designing and implementing a DVB-T2 SFN network is a complex problem.
Simultaneously with the choice of emission, coding and modulation parameters of the signal, it
is also necessary to implement network synchronization elements. For reliable operation of the
multiplex, it will be necessary to include in the technological chain the external reference signals
10 MHz and 1 pps and the internal signal for synchronizing the phase of the emitted signals.

4. From a technological and legislative point of view, following the implementation of
DTT, the Republic of Moldova will align with new standards in the field of DTT, along with the
most developed European countries.

5. In Chapter 1, the study of the issues of conceptual development and implementation
of DTT in the Republic of Moldova was carried out. The advantage of the DVB-T2 standard in
relation to other systems was demonstrated. In conclusion, the purpose of the work - conceptual
development and implementation of the DTT network in the Republic of Moldova - is justified.
Also, the main objectives of the project - development of "MUX-A" configuration parameters;
forecasting of field strength for national service areas; implementation of the project by putting
"MUX-A" into operation; testing of quality parameters of the signal received within the DVB-T2
SFN cluster - are current.

Chapter 2 describes the technology for implementing the national DTT multiplex in
the Republic of Moldova, such as:
1. Selection of the coverage area prediction model within "MUX-A"

Several calculation models can be used to forecast terrestrial signal coverage areas, including
“point-to-surface” models described in the International Telecommunication Union
Recommendations ITU-R P.370, ITU-R P.1546 [12] and ITU-R P.1812 [13]. These
recommendations are “point-to-surface” forecasting methods for terrestrial services in the
frequency range from 30 MHz to 3000 MHz. Specialists of the State Enterprise
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“Radiocommunications” have been successfully using the ITU-R P.1546 recommendation for a
long time, which demonstrates satisfactory accuracy. At the same time, performing the
calculations using the recommendations ITU-R P.370, ITU-R P.1546 and ITU-R P.1812, we can
see that, based on the same configuration parameters of the terrestrial network, the predicted
values of the field strength, the surface and the shape of these predicted areas differ from each
other. Based on the above, the objective was put forward to select the model for forecasting the
coverage areas within the "MUX-A". In order to achieve the proposed objective, the calculation
of the DVB-T2 signal coverage areas for the channel 58 broadcasting station, located in the
municipality of Chisinau, Lech Kacyznschi str. 3 was carried out. Following the analysis, it was
established that the normalized quality of the DVB-T2 signal predicted by the recommendation
ITU-R P.1546 was also confirmed by the calculation results performed using the recommendation
ITU-R P.1812. At the same time, the contour of the assumed coverage area is more uniform in
the case of applying the ITU-R P.1546 model. Based on the arguments presented above, a
proposal was submitted to use the ITU-R P.1546 recommendation for forecasting DVB-T2 signal
coverage areas within the “MUX-A” framework.

At the same time, it was considered appropriate to develop a recommendation for the
application of the ITU-R P.1546 and ITU-R P.1812 models for forecasting coverage areas, given
the relief and landscape of the Republic of Moldova. In this regard, a proposal was submitted to
estimate the forecasting accuracy of coverage areas in the “MUX-A” service area after its
implementation.

2. Forecasting the coverage areas of the service areas within the “Mux-A”

To forecast the coverage areas with DVB-T2 signal, it was necessary to develop the following
technological elements of the national multiplex: choosing the system operating mode;
configuring the networks (planning the transmission parameters, planning the time-frequency
resources of the frame, etc.); calculating the minimum median field strength at the boundaries of
the coverage areas; forecasting the coverage areas of the terrestrial networks. Configuring the
technical parameters of the system and planning the coverage areas with DVB-T2 signal was
carried out in the light of some basic requirements - maximum use of the infrastructure of the
existing terrestrial broadcasting networks and ensuring the maximum capacity of the system.

The emission of COFDM symbols, from the output of the DVB-T2 modulator, provides
for two operating modes SISO (Single Input, Single Output) and MISO (Multiple Input, Single
Output) [5]. The SISO mode provides that all the modulators of the cluster emit the same signal.
In the MISO mode, the cluster modulators are divided into two groups. The first group of
modulators transmits COFDM symbols as in the SISO mode. The second group of modulators
transmits COFDM symbols processed according to the Alamouti algorithm. Therefore, two
groups of signals arrive at the receiver input. Applying the MISO mode allows to reduce inter-
symbol interference in the system, but at the same time reduces the system capacity.

The configuration parameters of the “MUX-A” were set through the “T2 Gateway”
station options. The system configuration was divided into four stages [14]:

- setting the cluster operating mode;

- setting the SFN network parameters;

- setting the DVB-T2 frame time-frequency resources;

- setting the physical channel (PLP) parameters.

For the operation of "MUX-A" the following operating modes were chosen: SISO;
"System B"; "Single-PLP". The application of the "System B" mode allowed the implementation
of terrestrial SFN networks within the "MUX-A". In this case, 6 frequencies/channels were
required for the implementation of "MUX-A".
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Figure 3 shows the setting of the SFN network parameters. From the image we can see
the following: for the operation of the system the basic profile of the DVB-T2 standard is selected;
the MISO mode is not activated; the T2-MIP packets (intended for synchronization of low-power
repeaters within the "shadow areas") are not activated; synchronization of the emission moment
of COFDM symbols from the output of the network modulators - strictly over 900 ms after
receiving the 1 pps synchronization pulse [15].

Network Settings '.3 v
T2 version 1.1.1 |~
T2 standard T2-Base |~v
Jumbo-T2MI Disabled -
T2 system SFN
Network ID 13057 M T2-MI timestamp insertion
T2 system ID 111 [] Absolute timestamp
Maximum network dela ms
Cell ID 1 y 200
Frequency 530000000 [] T2-MIP packet insertion
|| Absolute timestamp
MISO
O on Maximum network delay 901 ms
@ OFF Timestamp

GPS leap seconds 16 utco: 3

Figure 3. “T2 Gateway” device: Network Settings option

For the implementation of "MUX-A" the following time-frequency resource settings of
the DVB-T2 frame were installed: Channel frequency band — 8 MHz; FFT mode parameter — 32k
extended; Guard interval — 19/256; Scattered-pilot patterns — PP4; PAPR redaction — was not
activated.

The FFT mode (Fast Fourier Transform) parameter sets the number of subcarrier
frequencies in the channel band of the DVB-T2 system. To increase the number of subcarrier
frequencies in the composition of the COFDM symbol, the channel frequency band extension
(32k extended) was applied. In a channel with a width of 8 MHz, the transition of the FFT size
parameter from 32k to 32k extended allowed to increase the useful channel bandwidth from 7.61
MHz to 7.77 MHz.

The guard interval values in the DVB-T2 system, for the 8 MHz channel, are inserted
in Table 1 [16]. For the implementation of SFN networks and stationary signal reception, the FFT
- 32k mode is recommended. In this case, the duration of the COFDM symbol is 3.584 ms.

Table 1. Guard interval duration in the DVB-T2 system, for the 8 MHz channel

GI-Fraction
19/12
1/128 1/32 1/16 19/256 1/8 8 1/4
Tv
FFT (ms) GI (us)
32k 3.584 28 | 112 | 224 266 | 448 | 532 | nla
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For the 32k extended network settings and the guard interval duration 19/256 - the
distance between neighboring transmitters within the DVB-T2 cluster [17] falls within the limit
of 80 km (3*108 m/s*266*10-6 s = 79.8%103 m). At the same time, we note that the distance
between all adjacent sites of existing terrestrial broadcasting networks (located within the "MUX-
A" service areas) does not exceed the distance of 80 km.

The PP4 (SISO) scattered-pilot frequency template has been activated. The parameters
of this template represent a compromise between the system's resistance to disturbances and the
data transmission speed in the network.

COFDM technology is characterized by a relatively high ratio between the peak and
average levels of the RF signal, the so-called PAPR (Peak to Average Power Ratio). Because of
this, the DVB-T2 signal is quite sensitive to nonlinear distortions in the final stages of power
amplifiers. When setting the "MUX-A" parameters, special options for reducing the PARP value
were not enabled. This was possible due to the use of DVB-T2 transmitters from leading global
manufacturers (GATES AIR, USA) when implementing the network.

For data transmission within the "MUX-A" the following physical channel parameters
were set: PLPO frequency modulation - QAM-256 with signal constellation rotation; protection
code rate 2/3; length of the encoded BB-frame is 64800 bits (after the LDPC encoder). The
rotation of the signal constellation of the physical channel is performed in order to improve the
protection of the signal against interference in the telecommunication channel.

The data transmission speed in the system obtained as a result of its configuration is
36.5 Mbit/s. Therefore, based on the H.264 AVC/MPEG-4 compression system, up to 15 TV
programs in SD format can be transmitted within the "MUX-A" (36.5/2.5 = 14.6).

The calculation of the C/N ratio (carrier/noise) and the value of the minimum median field
intensity Emed for the designed broadcasting system was carried out based on the international
recommendation "Report ITU-R BT.2254-3 (03/2017), Frequency and network planning aspects
of DVB-T2". The C/N ratio characterizes the resistance of transmission systems to noise and
interference. Establishing the value of this ratio is necessary to determine the minimum
admissible signal power at the receiver input and is of fundamental importance for network
planning. The calculation of the Emed value for the service areas within the “MUX-A” was
carried out for fixed signal reception, for the case when the receiving antenna is located at a height
of 10 m above the ground. The calculations were developed for the reference frequency 650 MHz.
As aresult of the calculations, the values were established: (C/N) “MUX-A” =20.4 dB; Emed r
= 54.7 dBuV/m for “location probability” 95 %. The final Emed values for the national service
areas are listed in Table 2.

Table 2. Calculation of the Emed value for national service areas, within "MUX-A",
("location probability" 95%)

Area CH MI;',IZ Fr, MHz (lizll;:l e\(]i/:;; Corr, dB Emed, dBpV/m
Causeni 21 474 650 -2.7427 52.0
MN 22 482 650 -2.59733 52.1
Trifesti 28 530 650 -1.77275 52,9
Edinet 30 546 650 47 -1.51441 53,2
Straseni 31 554 650 -1.38807 53,3
Cahul 36 594 650 -0.78254 53,9
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The calculation of the DVB-T2 signal coverage areas, transmitted within the "MUX-
A", was carried out using a specialized software "ICS Telecom". The specialized software was
applied for each location. The following were introduced into the automated calculations: the
geographical coordinates of the emission point; the height of the mast base above sea level; the
height and azimuth of the emission antenna suspension; the maximum apparent radiated power
of the emission antenna; the directivity diagrams of the emission antenna in the horizontal and
vertical planes; the minimum median value Emed of the field intensity for the service areas; the
calculation step, over every 1 degree, starting with 0 degrees.

The forecasting of the DVB-T2 signal coverage areas, within the "MUX-A", was based
on the Notices and Specifications issued by the National Radio Frequency Management Service
(SNMFR): no. 06/1-239 of 26.03.2018 for high-power stations (SRTV stations); no. 06/1-322 of
14.02.2017 for medium-power stations (STV stations); no. 06/1-190 of 19.02.2019 and 06/1-450
of 15.05.2019 for low-power stations (broadcasting stations located in the "shadow areas"). The
coverage areas of the broadcasting stations, stipulated in the aforementioned Notices, ensure
access to 99% of the RM population to the "MUX-A" audiovisual content. The coverage area of
"MUX-A" for a 95% reception probability is presented in Figure 4.

Figure 4. Coverage area of “MUX-A”, field strength E > Emed, location probability 95 %

3. Development of digital signal transmission technology in the “shadow areas”

As a result of the need to expand the population’s access to the digital terrestrial signal in the
“shadow areas” of the Republic of Moldova, a technical solution had to be developed regarding
the mode of signal transmission in the mentioned territorial areas [18]. In this regard, it was
important to investigate the opportunity of using a specialized technical device in the “shadow
areas” — the low-power repeater of the f1/f1 type, the so-called Gap Filler [19]. A basic condition
related to the investigation of the possibility of applying the Gap Filler was the adjustment of its
technical operating parameters to the infrastructure of existing terrestrial networks in the “shadow
areas” of the Republic of Moldova, namely, the typical 27 m high masts. The Gap Filler is a
repeater of the digital terrestrial signal of the f1/f1 type, with signal processing and amplification.
Consequently, a certain part of the signal (echo) from the output of the transmitting antenna
returns back to the input of the Gap Filler, see Figure 5.
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Figure 5. Gap-Filler in a digital terrestrial broadcasting network [20]

According to the technical recommendations of the manufacturers, the echo level at the
Gap Filler input should not exceed the signal level at the network input by more than 12-15 dB.
Therefore, to ensure reliable operation of the Gap Filler, adequate isolation [20] of the signal
between the input of the transmitting antenna and the output of the receiving antenna must be
ensured.

In order to investigate the possibility of applying repeaters, type f1/f1, in the "shadow
areas" of the designed network, field tests of the Gap Filler were carried out, the manufacturer of
which was the TRedess company. As a result of the tests, it was concluded that the operation of
the Gap Filler based on the existing infrastructure of the State Enterprise "Radiocommunicatii" is
not possible, since due to the low height of the existing pylons, it will not be possible to ensure
the appropriate level of the echo/signal ratio at the Gap Filler input. At the same time, a decision
was made: for the signal transmission in the “shadow areas” of the Republic of Moldova, it is
necessary to apply low-power DVB-T2 transmitters (50-100 W). In this case, the transport of the
T2-MI digital stream to the input of the mentioned transmitters will be ensured through existing
fiber-optic networks, access to the infrastructure of which is practically available in any locality
of the Republic of Moldova. At the same time, the application of IP networks for the supply of
the T2-MI input signal in the “shadow areas” of the Republic of Moldova will allow for remote
monitoring of the technical parameters of DVB-T2 transmitters, as well as for video monitoring
of low-power digital broadcasting stations.

Chapter 3 addresses some practical issues related to estimating the total signal level
induced at the terminals of the receiving antenna, depending on the reception conditions. The
accuracy of the predicted field intensity under the relief and landscape conditions of the Republic
of Moldova was estimated. Thus, this chapter includes five main sections.

1. Implementation of “MUX-A”

During 20162019, the State Enterprise “Radiocomunicatii” put into operation the first
national DTT multiplex in the Republic of Moldova. For the implementation of “MUX-A”, 6
DVB-T2 SFN SISO networks were built. Thus, using the infrastructure of existing terrestrial
broadcasting networks, 8 high-power transmitters and 15 medium-power transmitters were put
into operation throughout the country. High-power and medium-power transmitters make the
greatest contribution to ensuring viewers’ access to the DVB-T2 signal. The implementation of
“MUX-A” ensured access to the digital signal for approximately 95% of the country’s population.
At the same time, due to the peculiarities of the relief, in the RM there are approximately 60
localities located in the so-called "shadow areas", where the digital terrestrial signal cannot be
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received. In order to expand the population's access to the digital signal in the "shadow areas", a
proposal was submitted to build digital terrestrial broadcasting sites on the existing infrastructure
of analog TV signal retransmission stations. The cessation of analog TV broadcasting was
completed in May 2022. Also, during this period, the construction of DVB-T2 broadcasting sites
in the "shadow areas" began (30 sites were built at the end of 2022). In the first half of 2023,
another 30 sites were built. Thus, the construction of the “MUX-A” in the Republic of Moldova
was completed and access to the multiplex signal was ensured for 99% of the country’s population
and 97% of the country’s territory.

2. Implementation of the multi-PLP operating mode within the “MUX-A”

At the stage of ceasing TV broadcasting in analog format, the need arose to increase the
percentage of the population connected to the DVB-T2 signal (including in the “shadow areas”).
For this purpose, it was proposed to obtain a larger coverage area for some TV programs. The
achievement of this goal was made possible by implementing the multi-PLP operating mode of
the DTT multiplex. Thus, the goal was set —to create within the data stream transmitted to viewers
a physical layer consisting of 3 TV programs with a lower modulation index in relation to the
broadcast parameters of the initial data stream.

The data stream of the “MUX-A” was divided into two physical layers — PLP_0 and
PLP_ 1. The emission parameters of the PLP_0 stream were set— 16 QAM modulation, protection
code rate 3/4. The choice of emission parameters of the PLP_1 stream — 256 QAM modulation,
protection code rate 2/3.

The calculated carrier/noise ratio value for the PLP 1 physical layer is 20.4 dB (see
page 16). As a result of calculating the carrier/noise ratio for the PLP_0 physical layer, the value
of 12.5 dB was obtained. Therefore, the difference in the carrier/noise ratios is:

(C/N) “PLP 1" - (C/N) “PLP 0" =20.4dB-12.5dB =7.9 dB.

1010.79=6.17

Thus, the results obtained are equivalent to increasing the transmission power of the
PLP_0 signal in relation to the PLP 1 signal by 6 times. Accordingly, we can also say about the
improvement of reception conditions and the increase in the coverage area of the PLP_0 stream
in relation to the PLP_1 stream.

The implementation of the multi-PLP regime allowed to increase without investments
the percentage of the population connected to the DVB-T2 signal. The capacity of the configured
system is (7.9 + 22.3) Mb/s = 30.2 Mb/s. Thus, we will be able to transmit up to 12 TV programs
in SD format within the "MUX-A" (30.2/2.5 = 12).

3. Testing the quality of the service provided in the Striseni service area

Concurrently with the implementation of “MUX-A”, the quality parameters of the
signal [21, 22] received in the Straseni cluster, channel 31, were tested. At the time of the tests,
the mentioned cluster consisted of 3 DVB-T2 transmitters located in the localities of Straseni,
Hincesti and Ivancea. The signal tests were carried out in 6 control points of the cluster. The
quality index measurements were carried out in two operating modes:

1. Tx mode — only one of the network transmitters operated, the consecutive receiving
antenna was strictly oriented in the direction of the transmitting antenna of this transmitter;

2. SFN mode — 3 transmitters operated, the consecutive receiving antenna was strictly
oriented in the direction of each transmitting antenna.

The results obtained are presented in Table 3. The R&S HL 040 directional reference
antenna was used for the measurements.
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Table 3. Quality indices of the signal received in the Straseni cluster, channel 31

Ne Orientation of the R&S HL 040 directional reference antenna
p.r Signal
. parameters Straseni station Hincesti station Ivancea station
Tx SFN Tx SFN Tx SFN
1 E, dB(uV/m) - 78.1 70.7 72.1 - 51.2
MER, dB - 30 33.1 30.9 - 16.8
C/N, dB - 36.8 29.6 30.7 - 10.6
CBER - 9.2E-04 | 1.1E-04 3.0E-04 - 8.6E-02
LBER - 1.0E-09 | 1.0E-07 1.0E-08 - 1.0E-07
2 E, dB(uV/m) 60.3 60.7 63.4 63.4 49 51.8
MER, dB 273 25 30.1 29.4 18.9 13.3
C/N, dB 19.3 20.3 222 223 7.9 10.9
CBER 3'013E' 5.0E-03 | 8.9E-04 8.6E-04 8.8E-02 9.6E-02
LBER 1'8;' 1.0E-08 | 1.0E-09 1.0E-08 1.0E-07 5.9E-07
3 | E,dB(uV/m) 52 523 48.8 492 41.1 48.9
MER, dB 20.9 20.7 - - - -
C/N, dB 11.1 11.9 7.8 8.2 0.3 7.9
CBER 3 ng 5.8E-02 - - - -
LBER 1'87E' 1.0E-07 - - - -
4 | E,dB(uV/m) 48.1 53.6 714 714 437 52.7
MER, dB - 17.6 34.9 34.6 - 16.5
C/N, dB 6.4 12.5 30.3 30.3 2.6 11.8
CBER - 6.8E-02 | 6.5E-05 4.3E-05 - 7.5E-02
LBER - 1.0E-08 | 1.0E-08 1.0E-09 - 1.0E-07
5 | E,dB(uv/m) 51.9 524 56.1 56 ] 46.9
MER, dB 21.8 20.6 26.4 25.5 - -
C/N, dB 11 11.4 15.3 15.1 0.2 6
CBER 4'072E' 4.8E-02 | 1.2E-02 1.4E-02 - -
LBER 1'&5' 1.0E-08 | 1.0E-09 1.0E-08 - -
6 E, dB(nV/m) 63.8 66 88.7 88.3 51.1 68.2
MER, dB 28.4 17.6 34.9 333 21.2 25
C/N, dB 22.7 25 472 46.7 10.1 27.2
CBER 1'5315' 1.6E-02 | 5.7E-05 1.8E-04 5.9E-02 1.4E-02
LBER 1'8;' 1.0E-09 | 1.0E-08 1.0E-09 1.0E-08 1.0E-07
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After estimating the quality indices of the DVB-T2 signal received via the directional
antenna in the Straseni cluster, the following conclusions were drawn:

1. At all 6 test points, signal reception was possible from at least one of the emission
directions, which demonstrates the efficiency of using SFN technology to reduce shadow areas
in the service area.

2. At control points no. 1, 2, 4, 6 the field intensity at the entrance of the receiving
antenna exceeds the field intensity threshold from 2 directions, E > Emed = 53 dBuV/m). At
control point 5 the field intensity at the entrance of the receiving antenna exceeds the field
intensity threshold from one direction. These data speak of the good quality of the signal in the
service area and the correct planning of the network.

3. Control point no. 3 is located in the “shadow area”, which is characteristic of the
relief conditions of the Republic of Moldova. At the same time, signal reception was also possible
in this case from the direction of the Straseni station, with the field intensity E = 52 dB(uV/m).

4. It is appropriate to compare the quality indices of the signal received in the DVB-T2
SFN SISO cluster by means of antennas with circular and directional diagrams.

Therefore, the decision was made to compare the parameters of the signal received by
means of reference antennas with circular diagrams RSH 4786 and directional diagrams R&S HL
040. To perform the measurements, a control point was chosen located on a height at the exit
from the city of Chisinau, with geographical coordinates N46°58°42.7” and E 28°46°17.2”. The
measurement results are presented in tables 4 — 6.

Table 4. Measurement results at point no. 7, R&S HL 040 receiving antenna
oriented in the direction of Hincesti station (Station 1 — Hincesti transmitter, Station 2 —
Straseni transmitter)

Tehnical parameters Station 1 — On Station 1 — On Station 1 — Off
ical p T Station 2 — Off Station2 — On Station 2 — On
U, dB(nV) 54.5 54.9
MER, dB 342 32.6
C/N, dB 29.6 29.8
CBER 3.20E-04 2.50E-04 -
LBER 1.00E-08 1.00E-08 -

Table 5. Measurement results at point no. 7, R&S HL 040 receiving antenna
oriented in the direction of the Striseni station (Station 1 — Striseni transmitter, Station 2
— Hincesti transmitter)

Tehnical parameters Station 1 — On Station 1 — On Station 1 — Off
p Station 2 — Off Station 2 — On Station 2 — On
U, dB(uV) 55.5 55.4
MER, dB 29.1 28.8
C/N, dB 30.0 29.9
CBER 9.60E-04 1.10E-03 -
LBER 1.00E-09 1.00E-09 -
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Table 6. Measurement results at point no. 7 with the circular antenna RSH 4786
Tehnical parameters Station 1 — On Station 1 — Off Station 1 — On
Station 2 — Off Station 2 — On Station 2 — On
U, dB(uV) 458 482 51.6

MER - - 20.6
CBER - - 1.8¢-2
LBER - - 1.0-8

After comparing the quality indices of the signal received via the directional antenna
and the circular antenna, the following conclusions were drawn:

1. As a result of using the circular antenna for reception, the quality indices of the
received DVB-T?2 signal had a negative dynamics.

2. The use of the circular antenna for receiving signals in the DVB-T2 SFN SISO cluster
does not allow to reduce the effect of mutual interference of signals arriving at the reception point
from different directions.

4. Simulation of the operation of the DVB-T2 SFN SISO cluster in laboratory
conditions
For a more detailed estimate of the degree and nature of signal interference at the reception point,
a set of equipment was mounted in laboratory conditions that simulated the operation of a DVB-
T2 SFN SISO terrestrial broadcast cluster, channel 22.

Initially, the quality indicators of the transmitted signal in the Tx mode (from the output
of one of the transmitters) were measured. The results of these measurements were further compared
with the results of measurements carried out in the SFN SISO mode (both transmitters were included
in the work). Applying two DVB-T2 signals to the input of the ETL measuring device made it
possible to identify the dynamics of changes in the parameters of the demodulated and decoded
signal, depending on their levels and arrival times at the receiver input.

Table 7 shows the selective results of measurements in the case when signal2 reaches
the receiver input with a delay of about 100 ps relative to signall.

Table 7. Quality parameters of the received DVB-T2 signal, Time offset 100ps

Operating mode Tx SFN

Parametrii 1 2 3 4 5 6
Level (142 -55.5 -48.2 51.6 49.1 -47.5
Level 1,dBm -49.7 -58.5 -48.8 -51.9 -49.2 -47.5
Level 2, dBm -58.5 -52.8 -57.9 -58.0 -58.2
A Level, dB 4.0 6.0 8.8 10.6
Time offset, pus -97.7 -97.3 -97.4 -97.6
MER PLP rms, dB 41.5 33.6 36.7 38.0 38.6

From the data listed in Table 7, we note that in the SFN mode, inter-symbol interference
occurs at the receiver input, the intensity of which significantly depends on the difference between
the levels of the Levell and Level2 signals. Therefore, we can conclude that in a DVB-T2 SFN
SISO network it is not advisable to have signals with comparable levels at the receiver input,
because in this case the mutual interference of the signals is maximum and there is a high
probability of complete degradation of the received signal. At the same time, analyzing the case
A Level = 0 dB from Table 7, we note that the summary value of the signal level Level (1+2)
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(dBm) increased by 3 dB. However, in the SISO transmission mode, this doubling of the summary
signal level is not admissible, because it will lead to complete degradation of the received signal.

5. Estimating the accuracy of field strength forecasting

To estimate the accuracy of field strength forecasting under the conditions of the relief
and landscape of the Republic of Moldova, the predicted electromagnetic field strength values
for 6 test points located in the Straseni service area were compared with those obtained from field
measurements (see Table 3). All calculations (forecasts) were performed in accordance with the
international recommendations ITU-R P.370-7, ITU-R P.1546-5 and ITU-R P.1812-3 using the
specialized software "ICS Telecom".

The final results of the research are visualized in Table 8, where: E — measured value
of field strength at the control point; EITU-R — predicted value of field strength at the control
point.

Table 8. Estimation of the field strength forecasting accuracy in the DVB-T2 signal
coverage area

Numirul evenimentelor
Definirea evenimentului
Np.370-7 Nrassss | Nrisizs > Np.
| Emur-E|[<3dB 2 5 6 13
3<|Emrur-E|<6dB 3 2 2 7
6 <|Emur-E|<10dB 4 1 1 6
10 dB< | Errur - E | 1 2 1 4

Following the estimation of the field strength forecasting accuracy performed within
the Straseni service area, we can draw the following conclusions:

1. The ITU-R P.1812-3 and ITU-R P.1546-5 models demonstrated a forecasting
probability of 60% and 50% respectively in the range of precision values | EITU-R - E | <3 dB.
This range of forecasted values can be considered almost perfect, since their accuracy can be
compared with the measurement error value (+ 2.5 dB).

2. At the same time, the ITU-R P.1812-3 and ITU-R P.1546-5 models demonstrated a
forecasting probability of 80% and 70% respectively in the range of precision values | EITU-R -
E|<6dB.

3. The ITU-R P.370-7 model demonstrated lower forecasting accuracy (compared to
the ITU-R P.1812-3 and ITU-R P.1546-5 models), namely, the forecasting probability is 20% in
the range of accuracy values | EITU-R - E | < 3 dB, the forecasting probability is 50% in the range
of accuracy values | EITU-R -.E | < 6 dB.

4. Given the relief and landscape of the Republic of Moldova, when forecasting the
coverage areas of digital terrestrial television signals, it is necessary to use two recommendations:
ITU-R P.1546-5 and ITU-R P.1812-3. In this case, the ITU-R P.1546-5 recommendation will
allow for a clearer identification of the supposed boundaries of the projected coverage area, and
the ITU-R P.1812-3 method will make it possible to reveal the supposed “shadow areas™ in more
detail.
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GENERAL CONCLUSIONS AND RECOMMENDATIONS

The general conclusions formulate the main results obtained as a result of the
conceptual development and implementation of the first DTT multiplex in the Republic of
Moldova:

1. In the process of conceptual development and implementation of the DTT network
in the Republic of Moldova, a number of tests and researches were carried out, such as: estimating
the quality parameters of the received signal in the service area of the multiplex; estimating the
conditions for signal reception in a single-frequency digital terrestrial network; developing
recommendations for optimal reception of the multiplex signal; estimating the accuracy of
forecasting the coverage areas with a digital terrestrial signal in the conditions of the Republic of
Moldova. As a result of the tests and researches, the following conclusions were reached:

1.1. Mutual interference of information signals in a DVB-T2 SFN SISO terrestrial
network is practically inevitable. As a result, the quality parameters of the received signal tend to
deteriorate. Implementing a number of technical measures related to network planning and
implementation, correct signal reception allows minimizing the effect of these interferences in
the system.

1.2. The quality indices of the signal received in a DVB-T2 SFN SISO network visibly
correlate with the difference between the levels of the signals reaching the receiver input. If two
signals with the same levels reach the receiver input, the value of the input summary level
increases by 3 dB (relative to dBm). At the same time, in this case, the maximum degradation of
the received signal occurs. As the difference between the levels of the signals at the receiver input
increases, the intensity of mutual interference of the signals decreases.

1.3. For stationary signal reception in a DVB-T2 SFN SISO network, it is recommended
to use a directional antenna with many elements, which will be strictly oriented in the direction
of the incident wave with the highest intensity. The directional properties of the receiving antenna
will allow to reduce the effect of mutual interference of network signals arriving from other
directions.

1.4. Following the estimation of the field strength forecasting accuracy (in the
conditions of the relief and landscape of the territory of the Republic of Moldova) the ITU-R
P.1812-3 and ITU-R P.1546-5 models demonstrated a forecasting probability of 60% and 50%,
respectively, in the range of accuracy values | EITU-R -E | < 3 dB. At the same time, the ITU-R
P.1812-3 and ITU-R P.1546-5 models demonstrated a forecasting probability of 80% and 70%,
respectively, in the range of accuracy values | EITU-R - E | < 6 dB.

1.5. In the conditions of the Republic of Moldova, for forecasting the coverage areas
with terrestrial broadcasting signal, it is recommended to use the recommendations ITU-R P.
1546 and ITU-R P. 1812 together. In this case, the recommendation ITU-R 1546 will allow to
highlight more clearly the supposed boundaries of the coverage area, and the recommendation
ITU-R 1812 will allow to highlight more clearly the supposed “shadow areas”.

2. For the implementation of “MUX-A” the following operating and configuration
parameters of the system were established: DVB-T2, System B, SFN, SISO, Multi-PLP; channel
bandwidth 8 MHz; carrier frequency regime 32K extended; PLP_0 stream parameters - signal
constellation QAM-16, protection code rate —3/4; PLP_1 stream parameters - signal constellation
QAM-256, protection code rate — 2/3; pilot frequency template PP4; coding system H. 264. The
capacity of the configured system is 30.1 Mb/s and allows transmitting 12 TV programs in SD
format.

3. For the forecasting of the coverage areas of "MUX-A" the international
recommendation ITU-R P.1546 was selected. At the same time, the value of the minimum median
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field intensity Emed = 54.7 dBpV/m for the frequency of 650 MHz was established. The design
of the coverage areas with the DVB-T2 signal was carried out for fixed reception of the signal,
provided that the receiving antenna is suspended at a height of 10 m from the ground surface.

4. Following the synthesis of the system operating and configuration parameters, the
following technical objectives were achieved: reliable operation of "MUX-A" under conditions
when the signal reaches the reception point from different directions; efficient use of the radio
frequency spectrum; ensuring the maximum capacity of the system within the set of configuration
parameters; adjusting the locations of digital terrestrial broadcasting stations to the infrastructure
of existing terrestrial networks.

5. "MUX-A" was built in the period 2015-2019. During the construction, the following
technical components of the system were implemented: the "Head End" audiovisual content
encoding and multiplexing station; the "T2 Gateway" station for generating the T2-MI digital
stream; the IP network for distributing the T2-MI digital stream; 6 DVB-T2 SFN SISO networks
(Edinet, Mandrestii Noi, Trifesti, Straseni, Causeni, Cahul cluster service areas); multiplex
synchronization elements. In order to implement DVB-T2 SFN SISO networks on the existing
terrestrial network infrastructure, 23 high, medium and low power digital terrestrial broadcasting
sites were built.

Thus, in the first stage of construction of the national DTT multiplex, access to the
DVB-T2 signal was ensured for 95% of the country's population.

6. In the next stage of construction of “MUX-A” it was necessary to extend the DVB-
T2 signal into the “shadow zones”. For this purpose, the possibility of using specialized repeaters
of the f1/f1 type, the so-called Gap Fillers, for the emission of the signal into the “shadow zones”
was investigated. As a result of the research, it was demonstrated that in the “shadow zones” of
the Republic of Moldova the application of Gap Fillers on the existing infrastructure of the State
Enterprise “Radiocommunicatii” is not possible for the following reasons:

a) in the “shadow zones” omnidirectional emission antennas must be used, and (in this
case) the appropriate level of signal isolation can be ensured only by increasing the vertical
distance between the receiving and transmitting antennas;

b) the appropriate level of signal isolation cannot be ensured due to the low height of
the existing pylons H=27 m;

c) due to the low signal level at the input of the receiving antenna it will be difficult to
reduce the echo/signal ratio at the input of the Gap Filler.

7. As a result of the research, an alternative method of signal emission in the “shadow
areas” of the RM was proposed. It was proposed: to use the infrastructure of existing fiber optic
networks for transmitting the T2-MI data stream to the input of DVB-T2 sites. The practical
application of this proposal allowed to eliminate the Gap Fillers, and the emission of the DVB-
T2 signal was organized using low-power transmitters, which are about 30% cheaper than the
Gap Filler. As a result, the need to reconstruct the existing pylons H=27 m or to build new pylons
with a height of about 40-50 m disappeared. Considering that in the “shadow areas” located in
the Prut, Raut and Nistru river basins, approximately 60 DVB-T2 stations had to be installed, the
operational costs and time required to complete the “MUX-A” implementation process were
significantly reduced (to the maximum).

8. Starting with June 2022, the construction of digital terrestrial broadcasting sites in
the “shadow areas” began. At the end of 2022, 30 low-power transmitters were installed. In the
first half of 2023, another 30 sites were built. Population access to new TD services reached
approximately 99% of the country's territory and 99% of the country's population.

9. The use of IP networks for the provision of the T2-MI input signal in the “shadow
zones” allowed (simultaneously with the emission of the DVB-T2 signal) to remotely monitor
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the technical parameters of DVB-T2 transmitters, as well as video monitoring of low-power
digital broadcasting stations.

10. The use of the existing terrestrial network infrastructure for the construction of
“MUX-A” allowed to significantly (to the maximum) reduce operational costs and the time
required for the implementation of the project. The general objectives of the research were
achieved - conceptual development and implementation of a technically, technologically and
economically efficient digital terrestrial television network in the Republic of Moldova.
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ADNOTARE
la teza Elaborarea conceptuali si implementarea retelei de televiziune digitild terestrd in
Republica Moldova prezentata de lacob Mihail pentru conferirea gradului de doctor in stiinte
ingineresti la specialitatea 231.02 ,,Ingineria si tehnologia comunicatiilor electronice”.

Structura tezei: este constituitd din introducere, 3 capitole, concluzii generale,
bibliografie (114 titluri), 8 anexe inserate in 138 pagini text de bazd, 56 tabele, 118 figuri.
Rezultatele cercetarii au fost publicate in 20 de publicatii stiintifice.

Cuvinte-cheie: televiziune digitala terestra, DVB-T, DVB-T2, T2 Gatway, MFN, SFN,
SISO, ,,System A”, ,,System B”, ,,PLP”, , multi-PLP”, ,,Single PLP”, T2-Frame, T2-MI, COFDM,
zona de servicii, ,,zond de umbra”, ITU-R P.1546, ITU-R P.1812, MER, BER, CBER, LBER,
C/N, Gap Filler.

Domeniul de studiu: televiziunea digitald terestra.

Scopul tezei: elaborarea conceptuald si implementarea retelei de televiziune digitala
terestrd In Republica Moldova.

Obiectivele de cercetare. Selectarea modelului de prognozare a intensitatii campului;
elaborarea parametrilor de operare si configurare a sistemului; prognozarea intensitatii campului;
sinteza tehnologiei de emisie a semnalului 1n ,,zonele de umbra”; implementarea multiplexului
national; testarea parametrilor de calitate ai semnalului; elaborarea recomandarilor in vederea
receptiondrii optimale a semnalului si diminuarii interferentelor in sistem; estimarea preciziei de
prognozare a intensitatii campului.

Noutatea si originalitatea stiintifici. In premiera a fost propusi o metoda noua de
estimare indirectd a interferentelor inter-simbol in sistemul DVB-T2 SFN SISO si modul de
diminuare a acestora la intrarea receptorului; a fost propusa si implementata o metoda alternativa
de emisie a semnalului DVB-T2 in ,,zonele de umbra” ale retelei proiectate; a fost estimata
precizia de prognozare a intensitatii cAmpului in conditiile reliefului si landsaftului Republicii
Moldova.

Problema stiintifica solutionati. Au fost elaborate reperele conceptuale ale retelei de
televiziune digitala terestrd In Republica Moldova, aplicarea cérora a permis a implementa primul
multiplex national pe baza infrastructurii retelelor terestre existente ce apartin LS.
,,Radiocomunicatii”, operator national in domeniul radiodifuziunii terestre.

Semnificatia teoretica si aplicativa. A fost demonstrata necesitatea aplicarii in sistem
a antenelor de receptie directionale orientate in directia undei de cadere cu cea mai Inaltd
intensitate; a fost propusa si implementata tehnologia de emisie a semnalului digital in zonele de
umbra ale Republicii Moldova, adaptata la infrastructura retelelor terestre existente (retele fibro-
optice, piloane H = 27 m); a fost demonstratd oportunitatea aplicarii modelelor ITU-R P.1812 si
ITU-R P.1546 pentru prognozarea intensitatii campului in conditiile Republicii Moldova.
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ANNOTATION
for the thesis "Conceptual development and implementation of the terrestrial digital television
network in the Republic of Moldova", presented by lacob Mihail for the conferral of the degree
of Doctor in engineering sciences in the specialty 231.02 " Electronic Communications
Engineering and Technology".

The structure of the thesis: It consists of introduction, 3 chapters, general conclusions,
bibliography of 114 of'titles, 8 appendices, 138 text pages, 56 tables and 118 figures. The research
results were published in 20 of scientific publications.

Keywords: digital terrestrial television, DVB-T, DVB-T2, T2 Gatway, MFN, SFN,
SISO, ,,System A”, ,,System B”, ,,PLP”, , Multi PLP”, ,,Single PLP”, T2-Frame, T2-MI, COFDM,
service area, shadow area, ITU-R P.1546, ITU-R P.1812, MER, BER, CBER, LBER, C/N, Gap
Filler.

Research field: digital terrestrial television.

The purpose of the thesis: Conceptual development and implementation of the digital
terrestrial television network in the Republic of Moldova.

The objectives: Field strength forecasting; elaboration of system configuration
parameters; synthesis of signal emission technology in shadow areas; implementation of the
multiplex; testing signal parameters; development of recommendations for optimal reception of
the signal and reduction of interference in the system; evaluation of the accuracy of field
prediction.

Scientific novelty and originality: For the first time, a method was proposed for
indirect estimation of inter-symbol interferences in the DVB-T2 SFN SISO system and how to
reduce them at the receiver input; an alternative broadcast to the DVB-T2 signal was proposed
and implemented in the shadow area of the projected network; the forecasting accuracy of the
field intensity was estimated for the relief and landscape conditions of the Republic of Moldova.

The scientific problem solved: The conceptual benchmarks of the terrestrial digital
television network in the Republic of Moldova were developed, the application of which allowed
to implement the first national multiplex based on the infrastructure of the existing terrestrial
networks belonging to S.E. "Radiocommunications", national operator in the field of terrestrial
broadcasting.

Theoretical and practical importance: The necessity of applying directional
receiving antennas in the system, oriented in the direction of the incident wave with the highest
intensity, was demonstrated; digital signal emission technology was proposed and implemented
in the shadow areas of the Republic of Moldova, adapted to the infrastructure of existing
terrestrial networks (fiber-optic networks, H = 27 m pylons); the feasibility of applying the ITU-
R P.1812 and ITU-R P.1546 models for field intensity forecasting was demonstrated.
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AHHOTALUA
ouccepmayuu ,, Konyenmyanvhas paspabomka u 6HeOpeHue cemu Ha3eMHO20 Meae8UUOHHO20
sewjanus @ Pecnybnuxe Mondosa”, npeocmasnentyio Axobom Muxaunom na couckanue yuenoi
cmeneHu OOKmMopa UHMCUHEPHBIX HAYK no cneyuanvhocmu 231.02 ,, Huoicenepus u mexuonoeust
9NEKMPOHHBIX KOMYHUKAYUu .

CTpykTypa AmccepTalUH: COCTOHT U3 BBEIACHUS, 3 TIJIaB, OOIIMX BBIBOJOB,
oubnmmorpaduu 114 nasanmii, 8 npmiokenui, 138 TexcToBBIX cTpanHum, 56 Tabmum u 118
pucyHKOB. Pe3ynbTaTs! nccieoBaHus OBUTH OITyOIMKOBAHBI B 20 HAyYHBIX ITyOIUKAIHAX.

Kuarouesble ciioBa: mudposoe HazemHoe Tenepuncaue, DVB-T, DVB-T2, T2 Gatway,
MEFN, SFN, SISO, ,,System A”, ,,System B”, ,,PLP”, ,,Multi PLP”, ,.Single PLP”, T2-Frame, T2-
MI, COFDM, 30na o6cnyxuBanus, TeHeBas 30Ha, ITU-R P.1546, ITU-R P.1812, MER, BER,
CBER, LBER, C/N, Gap Filler.

ObsnacTh uccaenoBaHuii: IPoBoe HA3EMHOE TEICBHUCHHE.

Heap auccepranuu: KonrenTyanbHas pa3paboTka M BHEAPEHHE CETH IHU(PPOBOTO
Ha3eMHOTo TeneBueHus B PecryOmmke Monmosa.

3apaun paGorhl: BriGop Mozennm pacdera HAmpsDKEHHOCTH IO, pa3paboTka
PEXUMOB PabOTHI ¥ KOH(PUTYpAIH CHCTEMBI; IIPOTHO3MPOBAHNE HHTEHCUBHOCTH TIOJIST; BEIOOD
TEXHOJIOTHMM TPAHCISIIUM CHUTHAJOB B TEHEBBIX 30HAX; BHEAPEHHE HAIMOHATEHOTO
MYJIBTHIUIEKCA; TECTHPOBAHUE IIapaMeTpPOB CHTHANA; pa3paboTKa PEKOMEHJAalui o
ONTHMAJILHOMY IPHEMY CUTHAJa M CHIDKCHHIO TIOMEX B CHCTEME; OIEHKAa TOUYHOCTH IIPOTHO3a
HaINpsHKEHHOCTH TIOJIS.

Hayynas HOBM3HAa M OPMIMHAJILHOCTH: BIiepBble HpeUIoKEeH METOX KOCBEHHOM
OLICHKH MeXcHUMBOIBHEIX roMex B cetn DVB-T2 SFN SISO u crioco0sl nx yMeHBIICHHS Ha
BXOJIe TIPHEMHUKA; NIPEATIOKCH U PEaTM30BaH aIbTePHATHBHBIN CIIOCO0 TPAaHCIALNK CHTHANA B
TEHEBBIX 30HAX IIPOEKTHPYEeMOH CETH; IpOBEICHa OIEHKa TOYHOCTH IIPOTHO3HPOBAHUS
HaNpsHKEHHOCTH TIOJIS VIS pebedHO-TaHmadTHRIX ycaoBui Pecry6mmkn Monmosa.

Pemennass HayyHas 3ajgava: BemmonHeHa KoHIENTyaidbHAsh pa3paboTKa CeTH
Ha3eMHOTro Im¢poBoro Bemanus B Pecrybinke Mongosa, 9TO O3BOIMIO TOCTPOUTH IEPBEIH
HaIMOHAJBHBI MyJNBTHIUIEKC Ha 0a3e MH(QPACTPYKTYpHI CYIIECTBYIOIIMX HAa3eMHBIX CeTel,
npunamiexanmx [.I1. ,,PagnokommyHuKarmii”.

Teopernyeckasi 3HAYUMOCTL M NPHKJIAJHAS IHeHHOCTh paborbl: [lokazama
HEOOXOIMMOCTh IPHMEHEHHSI B CETH HAIPABICHHBIX NPHEMHBIX AHTEHH, OPUCHTHPOBAHHBIX B
HalpaBJICHUH HAIIPaBJICHUH HanOojee MOIMHOTO CHTHAJA; IPEUIOKEHa M BHEAPEHA TEXHOJIOTHS
BEIIAaHUSI B TEHEBBIX 30HAX, AJANTHPOBaHHAs K CYIIECTBYIOMIEH Ha3eMHOH HH(PACTPyKType
(BOJIOKOHHO-ONTHYECKHUE CeTH, otopsl H=27 M); moka3aHa 1esnecoo0pa3HOCTs IPHIMEHEHHS MOIeNeH

ITU-R P.1812 u ITU-R P.1546 st mporHO3MpOBaHUS HAIIPSHKEHHOCTH TIOJISL.
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