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Abstract

Isa Mammadov1 The article studied the problem of using broadbandradio accesstechnology to solve the "last mile" problem
in the cable television distribution network in Baku and the Absheron Peninsula. The noise immunity was ensured by
adaptively changingthe modulation methodaccordingto the measured level of the signal-to-noise ratio without changingthe
power of the transmitter in the direct channel. In orderto reduce interference, it has been proposed and implementedto reduce
the power of the main radio transmitterin the direct channel, butto ensure reliable reception of the signal in the service area,
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1. Introduction

The program distribution network is designed to transmitsignals from the television center to the different TV stations.
Distribution systems are divided into physical delivery and electronic distribution systems (Figure 1) [1]. Electronic
distribution systems include different types of communication channels —terrestrial radio relay links, satellite communication
systems, trunk cable lines, and so on.

Traditional systems are now evolving and, in many cases, have been replaced by the latest technology systems. The
possibilities of applying multi-channelbroadcastingsystems were first studied in the transmission network of terrestrial TV
broadcastingand then in the distribution network of both this and cable TV. The research on cellular TV broadcastingalso
laid the foundation for a multi-channel TV distribution network [2]. The implementation of a conventional terrestrial TV
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broadcastingsystem involves the construction of costly infrastructure and the use of essential equipment, including program
sources, program distribution networks, head-end stations, and re-transmitters of television programs.

The methods for constructing cable TV program distribution networks are well-known. Networks designed based on
tree-like, radial, and circular principles simplify reception conditions. Although the application of terrestrial multi-channel
systems (MMDS, LMDS, MVDS, and similar systems) allows for simpler and more flexible network designs, signal
reception in such networks facescertain challenges. Therefore, implementing various technical measures in these networks
is critically important.

The growing interest in the adoption of cellular TV systems is primarily driven by the undeniable advantages of their
key performance indicators compared to conventional terrestrial TV broadcasting systems. This latest integrated
telecommunicationstechnology is used to solve the “last mile” problems. Various variants of the wireless broadband radio
access systems — MMDS (Multipoint Microwave Distribution System; operates in the frequency range of 2.1 + 2.9 GHz),
LMDS (Local Multipoint Distribution System; operatesin the frequency range of 27.5 +29.5 GHz), and MVDS (Multipoint
Video Distribution System; operates in the frequency range of 40.2 + 42.5 GHz) are known [3, 4]. However, in different
countries, the specified frequenciesmay be slightly different [1, 2].

The above-mentioned systems of integrated telecommunication technology are high-speed and are built according to the
cellular principle. Cellular TV broadcasting operates at an environmentally safe level, with the total transmitter power
typically ranging between predefined limits of 1+10 Vt.
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Figure 1.
Classification ofthe cable TV distribution network.

The main distinguishing feature of cellular TV systems is an excessively large number of transmitting stations in the
network and a significantly lower power of each base station compared to the power of TV transmitting stations. In ordinary
terrestrial TV broadcasting, the electrical field voltage near the TV station with high power significantly exceeds the
permissible norms.

Multi-program TV broadcasting is another advantage of cellular TV broadcasting. Cellular TV laid the foundation for
multi-channel terrestrial TV broadcasting systems. In addition, cellular TV uses mass multipurpose services, such as data
transmission, Internet access, voice communication, interactivity, etc.

MMDS system is a system with a direct architecture, butin some cases, this system can be interactive [1, 2]. This system
has a wide frequency band — 1...2 GHz. The LMDS distribution network operatesin Europe in the frequency range of
40,5...42,5 GHz, used for small areas (whose radius is equal to several kilometers). The latter two systems are more widely
used in cable TV [3-5].

High transmission speed, the ability to ensure confidentiality, low cost of equipment and low operating costs, fast
network construction, and changing the location of subscribers without additional costs make it convenient to implement
these systemsin remote or off-land areas [2].

Based on these advantages, the question was raised about conducting research with the aim of introducing broadband
radio access technology in the cable television distribution network in the territory under consideration. Although these
systems have already found their application, there is a need to conduct research and obtain new results in order to increase
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their noise immunity and minimize the level of interference in the direct channel. For this reason, the article proposes the
selection of the modulation methodand its transition from one to anotheraccordingto the current value of the signal-to-noise
ratio.

In addition, the cable television distribution network is studied and established for each area, taking into account its
geographical conditions. The issues of establishing this network in the territory of Baku city and the Absheron peninsula have
not been studied.

The solution to the tasksis explained in several sections. After the problem to be studied was formulated, ensuring noise
immunity by changing the modulation method was studied, the power of the main transmitter was calculated, and then the
construction of the cable TV distribution network in Baku and on the Absheron Peninsula was established.

2. Problem Formulation

To reduce network topology-related interferences in the direct channel, the power of the base station (BS) radio
transmitteris limited. Additionally, increasing the power of this radio transmitterdoes not eliminate "dead zones" caused by
uneventerrain in thearea.

For appropriate network design, it is important to conduct separate scientific and practical research for each region.
Taking into account the geographical conditions, the network topology should be developed based on relevant studies to
ensure complete area coverage with a minimal number of BS. When necessary, the broadcast area can be appropriately
expanded accordingly by using boosters.

The majority of subscribers in cellular TV broadcastingsystems are not mobile. As a result, the intensity of fast fading
for such subscribers is relatively low. Fast fading occurs due to various factors, with multipath propagation of radio signals
being the primary cause. At the reception point, the electrical field intensity is formed by the summation of radio signals
arriving through different paths. Doppler spectrum broadening, which occurs during mobile reception, is also a consequence
of fast fading. It is well known that even slight movements by a subscriber can lead to significant variations in the median
value of electrical field intensity, primarily due to changesin the phase of the received signal.

Ina multi-channelradio transmitter, the signal of each program is modulated by its own modulator [1]. Itis proposed to
apply two different types of modulationsin the direct channel of the LMDS system [5, 6]. In this case, two types of modulation
are applied in a multi-channel radio transmitter of the same BS, depending on the distance from the transmitterto the radio
receiver. Typically, the signal power decreases as the distance to the receiver increases. For this case, it is proposed to use
QPSK modulation forfarthersubscribers, and M-QAM modulation for closer subscribers.

Transmitters of multi-program cellular TV systems emit radio signals with multiple carriers. Based on their design
configuration, these transmitters are categorized into single-channel and multi-channel MMDS transmitters.

In a multichannel transmitter, the power of each channel is approximately n2 times less than the output power. It is
obviousthata group signal is formed in the adder of the specified transmitter, which is distinguished by its bandwidth. Thus,
the problem of eliminating nonlinear distortions arises. These distortions arise mainly due to the nonlinearity of the static and
dynamic characteristics of electronic devices, the dependence of their reactive parameters, especially, the nonlinear capacity
of the collector transition, and also due to the amplitude-phase conversion in the input circuit of the electronic device [2].

Namely, the noise immunity in QPSK modulation is higher thanin M-QAM modulation. Therefore, it is assumed that
the signal atthe input of radio receivers of farthersubscribers is weaker, and it is considered expedientto apply modulation
thatprovides greater noise immunity for farthersubscribers in order to keep this parameterstable.

Figure 2 shows the structure of the transmission part of the downstream of the LM DS system, which is based on changing
the modulation method [4, 6]. Most of the blocks used here are similar to the blocks of ordinary terrestrial digital TV
broadcasting systems. Randomization should be performed to approximate the distribution of energy and the transitions
between bits in the flood to random statistics. Each traffic stream consists of synchronization words and bytes of multiplexed
data. The pseudo-random sequence is generated after the recognition sequence is loaded into the scrambler. This sequence
affectsa group of transport packages.
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Figure 2.

Block diagram of thetransmission part of the LMDS system based on modification of modulation method.

In Hakegard [6] along with coding methods, modulation methods and their selection are shown in LMDS-system.
However, the issues of adaptive change of the modulation methoddependingon the level of signal attenuation are not studied
here.

After QPSK/QAM modulation, OFDM modulation is applied in the next stage of the LMDS system. This modulation is
particularly important for combating frequency-selective fading, and this issue has beenstudied in detail by Li and Liu [7];
Pollet, et al. [8] and Du, et al. [9]. In (8), the issues of Radio Resource Allocation in this system were extensively studied. In
(9), the BER sensitivity of OFDM systemsto Carrier Frequency Offset and Wiener Phase Noise was examined. In (10), the
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Accurate Error-Rate Performance Analysis of OFDM on Frequency-Selective m-NakagamiFading Channelswas considered,
and the problem of interference immunity was highlighted. However, in none of these paperswas the effect of QPSK/QAM
modulation applied in the first stage of modulation on interference immunity or the issues of transition from one modulation
method to another studied.

The attenuation that occurs during the propagation of radio waves in space dependson a number of factors, and therefore
the choice of any type of modulation dependingon the distance may not be efficient. In Jensen and Wallace [10] the MIMO
system is studied considering the problem of attenuation effect during signal propagation. However, the issue of its use in
the construction of the cable TV distribution network, aswell asin the selection of the modulation method, has not been
touched on here.

At the sametime, the use of low-position modulation forlonger distanceswill reduce the transmission speed. From this
point of view, it makessense to measure and determine the current value of the power or signal/noise ratio atthe inputofthe
radio receiver. Such adaptive control of power and modulation type will directly increase energy efficiency in the channel.

Itis of great importance to regulate the power in the direct channel of the considered systems [8]. The construction of
theamplification tract in digital TV transmittersis expressed, and its use in multichannelsystemsis explained in Ivanyushkin,
etal. [4]. Here it shows how the level of interference in other nearby sectors increases when the BS's transmitter power on
the direct channel is higher than required. However, this power adjustment will reduce the interference level in the direct
channel. The features of the construction of the cable TV distribution network have not been studied in Ivanyushkin, et al.
[4].

Thus, unlike previous studies, adaptively changing the modulation method according to the measured current level of
the signal-to-noise ratio, selecting the transmitter power in the direct channel at the minimum required level, and selecting
the location and power of the booster for expanding the cable TV distribution network while taking into account the
characteristics of the Absheron Peninsula territory are new issues studied in this article.

3. Ensuring the Noise Immunity by Changing the Modulation Method
In digital communication systems, the parametercommonly used to assess noise immunity is the ratio of bit energy to
noise intensity E, / N, rather than the signal-to-noise ratio, where E,— is the bit energy, N, — is noise intensity. This

parameteris only applicable in channelswhere the influence of noise is considered.

Researched the noise immunity of systems with M-QAM modulation [1, 8, 9, 11-13]. Also shown are dependencies of
error probability on the E, / N, ratio, as well as expressions for calculation of error probability at various types of digital
modulation and influencing interference [1, 11, 13-16].

As the attenuation increases, the modulation method is changed to the simpler one [5, 6]. Suppose that the modulation
method is changed dependingon the level of the received signal (or signal/noise ratio) and 64 -QAM modulation is performed
when the signal level is too high. When this level decreases to a certain extent, it automatically switches to 16 -QAM
modulation, and when it decreases too much, it switches to QPSK modulation. Let’s determine the threshold levels of the
signal/noise ratio at which the modulation method is changed.

In order to keep the error probability constant without changing the modulation method, the power of the channek at
multi-channel radio transmitter should be increased at high attenuation values [17-19]. To prove this, formulas or graphs
derived from various literature can be used for calculating the error probability in the optimal coherence reception [1, 11].
For example, let us use the dependence of the error probability given in Choand Yoon [11] on the energy parameter 2 for

the case where no corrective coding is performed (Figure 3). Itis clear from the figure that in order to ensure the chosen error
probability, for example, p_=1.107 in the QPSK modulation n2 = g,/ N, =12, in 16-QAM modulation n2, = g, / N, =16,
andin 64-QAM modulation nZ = g,/ N, =20 mustbe provided.

The error probability in M-QAM modulation is calculated by the following known expression [11]:

2(14 ]
2\ _ VM 3log, M,
ps(hb)_ log,M Q( 2(M 71)hb J @

where M - is the number of positions of the QAM modulation, Q - is the Error function.

If the permissible value of the error probability is given in the considered system, then the permissible value of the
E, / N, ratio for each modulation method canbe determined from the expression (1). We determine the appropriate values
of the E, / N ratio for the given error probability. In the Figure 4 it is shown the threshold values of this ratio for the two
cases— p, =1-107" and p, =1-107°. Itis clear from the graph that these values depend on both the modulation method and

the permissible value of the error probability. The lower permissible value of error probability, the lower the required value
of the E, / N ratio. Inaddition, forexample, forthe p, =1-10~° transition from 64-QAM modulation to QPSK the required

value of the E, / N, ratio reduces by about 1,8 times. This proves that the modulation method has a significant effect on
noise immunity.
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Figure 4.
To determination of the threshold value of the Ew/No ratio for different types of
modulation ata given error probability: 1 — QPSK; 2 — 16-QAM,; 3 — 64-QAM.

Therefore, the changing of the modulation method was applied in the consideration system. We assum e that at the
condition h2 > hZ; = E,; / N, 64-QAM modulation,atthe condition E,, / N, <h? <E,; / N, 16-QAM modulation, and

atthe condition h? <h?, = E,, / N, QPSK modulation areapplied. Inthis case p, =1.10~" is provided.

If the minimum permissible value of the error probability is p, =1-10~° then by using Figure 3, we can establish the
dependence of the error probability for different types of modulation on the ratio E, / N. As canbe seen from the figure,
64-QAM modulationis appliedathigh E, / N, ratio.

. However, as this ratio decreases, the error probability increases, and when the minimum permissible level is reached,
16-QAM modulation is switched. In this case, the error probability is sharply reduced. With the further decreasing of the
E, / N, ratio, the process is repeated and finally switched to QPSK modulation. Although the error probability decreases

sharply again during this transition, this reduction is not the same as before.
It can be seen from Figure 3 thatthe changing of the error probability in each interval dependingon the E, / N, ratio

is determined by the error function. As theratio E, / N increasesin the first interval, the error probability decreases sharply.

Thus, noise immunity was ensured by adaptively changing the modulation method according to the measured level of
the signal/noise ratio without changing the power of the transmitterin the direct channel.
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4. Determination of the Power of the Main Transmitter and the Signal-to-interference Ratio at the input
of the Receiver

Itis necessary to determine the radiated power of the radio transmitter in order to provide the necessary power at the
input of the receiver. In general, the required power of the BS transmitter can be defined based on the minimum required
signal power (not less than the sensitivity of the radio receiver) at the input of the radio receiver or the minimum required
electric field voltage intensity atthe receiving point.

The electric field voltage intensity atthe receiving point, located ata certain distance from the BS, depends on various
factors, including the distance itself. MMDS and LMDS systems operate in Super-high frequency and Extremely-high
frequency bands, where determining the power flux density is considered more favorable. This is because these bands
experience minimalexternalinterferences, therefore, the influence of noise should be taken into account, i.e., the signal/n oise
ratio should be calculated. It is known that noise is characterized by its power or intensity (power per unit frequency
bandwidth).

The power flux density can be calculated from the known value of the electrical field voltage [14]:

I1=E-1458, dBVt/m?, @)

where E —is the electrical field voltage, dBmkV/m.

Once the power flux density is determined, the signal power at the input of the radio receiver can be calculated usinga
known expression. For this purpose, factorssuch asthe equivalent area of the receiving antenna, its gain factor, wavelength,
and losses in the feeder must be taken into account

Expressions have been obtained for calculating the required power at the input of the receiver which depends on the
modulation parameters. This power can be determined by the formula [12]:

P, =hZTyk / 1, @)
where T, — is the noise temperature, k =138-1072*J / K — is the Boltzmann constant, t, — is the duration of the
channelsignal, h? =E, / N, .
In the considered systems, for outer encoding, the Reed-Solomon code RS (204,188, t = 8) is usually used. For inner

coding, a convolutionalcode with a rate of 3/4 or 5/6 is often used [2, 5, 6]. Therefore, the duration of the channelsignal is
defined as the duration of the information signal t; =1/ R, multiplied by the rate of the Reed-Solomon code Ry and the

convolutional code R, taking into account the type of modulation K,,. For outer Reed-Solomon encoding we can define
[12]:
Ts = TiRrsRe Ky - 3)
For convolutionalcoding ata rate of 5/6, we cancalculate: t, =0,077 -107° s.

It provides graphs of the error probability depending on the signal/noise ratio for the used corrective coding, code rate,
and modulation method [1, 9, 15]. A minimal error probability value at the output of the decoder is also known [1, 5, 12].

For the error probability value p, =10~ and for the convolutionalcoding atthe rate of 5/6, from the graphs in [4] canbe

found: h2 =8,8dB. Forthe given value k and t, at Ty =600°K from (2) can be determined: Py = 8,157-10-5 Vt.

When the power of the BS transmitter is known, the radiated power of the transmittercan be calculated by taking into
accountthe parameters of the transmitting antenna and the losses in the feeder connected between the transmitting antenna
and the transmitter.

To ensure system interference immunity in the direct channel, considering the impact of interference, the signal-to-
interference ratio (SIR) atthe input of the radio receiver must be determined. For this purpose, the power levels of boththe
signal and the interference at the receiving point must be identified first.

Thus, the Signal-to-Interference Ratio (SIR) atthe receiving point depends on the power of the signal and interference,
the propagation conditions of radio waves, the distance between the usefuland interfering stations and the radio receiver, and
the number of interfering stations. The characteristics of communication channels and the slowand fast fading of radio waves
during their propagation are provided using statistical, quasi-statistical, and deterministic models. By knowing the radiation
power of the signal and interference, these models can be utilized to determine the power of the signal and interference atthe
receiving point.

As previously noted, the interference in the examined channelprimarily originates from the network's own transmitters,
which are associated with the network topology. The interference in the bands in which the MMDS and LMDS systems
operate is mainly generated by other stations in this network and, therefore, harmful signals of the same band. In these
systems, group signals are generated by the transmitters, and the spectrum of these signals is broad. Therefore, the influence
of such interference canbe evaluated, with a certain degree of accuracy, as the effect of noise [17]. The dependence of the
error probability on the SIR is generally complex and highly dependent on the reception method. The algorithm and scheme
for optimal coherent reception of symbols individually provide potential interference immunity. However, in this case, the
characteristics of the interference must also be taken into account.

In channelswhere both noise and interference are present, determining the energy parameterbecomesmore complex.

1269



International Journal of Innovative Research and Scientific Studies, 8(2) 2025, pages: 1264-1273

However, since the spectrum of interference in the considered systems is very wide, the SIR is considered here as

E
hﬁz =ﬁ. The definition of the expression has been proven in Banelli, et al. [17] here Ny — is the intensity of the
0 T Noj
interference.

By writing hbz2 instead of hb2 in (1) we can calculate the probability of errors in conditions affected by broadband
interferences.

5. Construction of the Cable TV Distribution Network in Baku and on the Absheron Peninsula

Itis known that the cable TV distribution network is constructed according to various principles. But often the above-
mentioned broadband radio access systems are used to solve the “last mile” problem. The use of such a system in Baku and
the Absheron Peninsula has its own peculiarity. Here it is necessary to cover the main area of Baku and the Zikh district,
where subscribers of the cable TV “Connect TV” are located. The main transmitter and nearby base stations (BS) create
zones in the main part of the city. Figure 5 a shows the location of the main MMDS transmitter with a power of 2 Wt,
operating atthe frequency of 11,5 GHz with a transmitting antennagain of 10 dB, installed atan altitude of h = 200 m on the
Baku TV tower (note thatin order to avoid interference with the signal of anothersimilar system, installed onthe Baku TV
tower, a differ operating frequency was selected for the considered system). Figure 5 b shows the coverage area of this
transmitter, in which electric field voltage levels are shown in different colors. At the bottom of the mapin Figure 5 b, the
power valuesin dBm and the electric field voltagein dBuV/mare indicated, where the indicated values increase from the left
(blue color - 36 dBuVIm) to the right (red color - 100 dBuV/m). White color areas correspond to areaswhere the electric field
voltage is equalto zero.

By using a computer program and a digital electronic map of the peninsula, a coverage area is compiled taking into
accountitsterrain. It can be seen from the obtained diagram that in the area of Zikh and Qarachukhur districts there are zo nes,
in which reception of the system signal is notpossible (white color areason the map).

Sometimes repeaters (boosters) are used to exclude gaps (“dead zones”) in the network. Boosters are transceiver
complexesconsisting of receiving and transmitting antennas, broadband amplifierswith filtering units, and feeder lines.

Figure 6 shows the use of the booster for relaying a signal in the Zikh region. Figure 6 shows that the expansion of the
service area to the right of Baku Bay can be carried out by using a booster. A highly directional antenna isused to establish
communication with the booster. In this case, BS is installed only in the necessary area and there is no need to cover the
entire area with a numberof BS.
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Figure5.
Map of the Absheron Peninsula showing the location of the main transmitter (a) and its coverage area (b).

The method for determining the distance of direct radio visibility and the effective height of the transmitting antennais
known. A TV stationin Baku is defined asfor flat and flat-hilly terrain. The tower is atan altitude of ho= 134 m above sea
level. Therefore, the total height of the transmitting antenna of the MMDS is: h, =h+h;=334 m. For the considered

topography, the equivalent height is found by the formula [12]:
hy —hge; when hy, 210m
Pieq = * g )
10 m ; when hyeq <10m.

where hyq —is defined as the difference between the height of the electrical center of the transmitting antenna h; and

the average height of the relief h,, atadistance R of 3 km to 15 km directly from the transmitting antenna to the receiver.

Using a digital electron map of the area and the compiled computer program, we get profiles of terrain to the Zikh district
direction (Figure 7).
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Figure 6.
Location ofthe maintransmitterand repeater on the Absheron Peninsula.
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Figure 7.
Profile of the reliefin the direction of Zikh.

Also, using computer calculations and a digital map of Azerbaijan, we determined the equivalent height of the
transmitting antenna: hy, =287.6 m.

Thus, in order to reduce interference in the direct channel, it is proposed and implemented to reduce the power of the
main transmitter but to use a boosterto ensure reliable reception of the signal in the service area.

6. Conclusion and Recommendation

Inthe cable television distribution network, wireless broadbandradio accesstechnology can be applied to solve the "last
mile” problem due to a numberof its advantages. In this case, it is necessary to study the method of selecting the modulation
type, the power of the multichannelradio transmitter of the base station on the direct channel,as well asthe characteristics
of the area where the network is built. These issues were studied in the article, and the following new results were obtained:

1. Adaptively changing the modulation method according to the measured value of the signal-to-noise ratio while
maintainingthe power of the multi-channelradio transmitter of the base station in the direct channelallows for more accurate
noise immunity.
2. In the network of integrated telecommunication type MMDS in Baku and on the Absheron Peninsula, the power of the
active main transmitter should be reduced, and a booster with appropriate location coordinates should be used to expand the
coveragearea.

3. The correct selection of the location of the booster and its power allows for reducing 'dead'zones.

4. The construction of the cable television distribution network, taking into account the characteristics of the area, also
allows for reducing the number of base stations.

Based on the proposals and applications,a cable TV distribution network was established in the considered area.
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