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Abstract: The high mobility associated with high-speed train (HST) results in nonstationary channel conditions that
characterized by varying environments leads to challenges like rapid changes in signal strength and quality. As train
speeds increase, the Doppler shift occurs and the Peak to Average Power Ratio (PAPR) in the system also increases,
which is a common challenge in modulation schemes such as Orthogonal Frequency Division Multiplexing (OFDM).
The paper investigates the impact of HST environments on the performance of Digital Video Broadcasting -
Terrestrial (DVB-Terrestrial) systems. It primarily focuses on OFDM and evaluates various performance metrics like
Bit Error Rate (BER), Complementary Cumulative Distribution Function (CCDF), PAPR, and the 64-QAM
constellation diagram in different HST speeds. The study includes a comprehensive analysis of the HST channel and
its integration with the DVB-Terrestrial system. Key findings demonstrate how higher speeds result in increased
PAPR values and changes in the 64-QAM constellation diagram, indicating the necessity for robust power amplifiers
and efficient symbol detection methods. The paper also shows that while higher HST speeds generally lead to worse
BER values, the performance of channel coding can mitigate this effect to some extent. The research provides
significant insights for optimizing DVB-Terrestrial communication systems in HST environments, highlighting the

importance of channel coding and modulation in maintaining signal quality and system efficiency.
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1. Introduction

Orthogonal frequency division multiplexing
(OFDM) is a popular modulation for wireless
communication because it can transmit data quickly
over a wide bandwidth while being resistant to
interference [1]. OFDM is suitable for digital video
broadcasting (DVB) [1], because of its high data
rates and OFDM has the capability for eliminating
inter-symbol interference (ISI) between OFDM
symbols by cyclic prefix (CP) [2]. OFDM has high
data rates, so the higher-order modulation schemes
allow us to transmit more data, but they are also
more susceptible to errors [3]. To achieve a high
data rate and minimize the error rate, forward error
correction (FEC) is used for channel coding. One of
the methods for channel coding is using Reed-
Solomon (RS) coding. It increases the performance
of the bit error rate (BER) of limited and power-
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limited channels by the addition of redundancy to
the transmitted data.

OFDM systems need allocation of guard bands
between subcarrier frequencies to avoid inter-
symbol interference (ISI) [4]. A discrete wavelet
transform —  orthogonal frequency division
multiplexing  (DWT-OFDM)  could  combat
narrowband interference better than the traditional
Discrete Fourier Transform (DFT) and tougher in
inter-carrier interference (ICI). This research
proposes a combination of DWT with differential
amplitude phase shift keying (DAPSK) modulation
scheme for reducing peak-to-average power ratio
(PAPR) in OFDM systems for digital video
broadcasting terrestrial (DVB-Terrestrial).

DVB-Terrestrial technology defines the framing,
modulation, channel, and noise elimination
techniques for digital television broadcasting over
terrestrial channels [5]. This research provides a
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transmission process that focuses on the receiver
section based on the OFDM system. DVB-
Terrestrial networks offer greater flexibility,
efficiency, and robustness in terms of power
consumption, bandwidth, and network coverage,
which enables the launch of new and innovative
services.

DVB networks are typically designed to deliver
high-quality TV signals to fixed locations with
rooftop antennas, rather than mobile devices. It
might not provide a good coverage level for
vehicular mobile reception [6]. To improve the
mobile performance of DVB-Terrestrial, it deployed
receive antenna diversity, hierarchical modulation,
and application layer—forward error correction (AL-
FEC). This research [6] shows that a combination of
these solutions can maintain a good signal quality
even when the receiver is moving at high speeds or
in areas with poor signal reception. Meanwhile, the
consideration of channel coding and modulation
used was presented in DVB-Terrestrial mobile
communications [7].

In high-speed train (HST) communication
technology development, there are several methods
for improving the quality of communication.
Reliable high-speed wireless communication,
especially in 5G communications has been discussed
[8]. OFDM has become popular choice for
wideband communication because it is efficient in
the spectrum usage and robust to multipath
interference, and it is suitable for high-speed trains
communication. Meanwhile, long-term evolution
(LTE) for railway communications has adopted the
OFDM [9], [10]. It allows for seamless
communication from cellular networks to 5G,
enabling  high-mobility = communication.  The
information of relative locations and velocities
between corresponding antenna pairs shows that ICI
in additive white Gaussian noise (AWGN) and
Rician channel could be mathematically calculated
[10].

The HST channel is nonstationary, which means
that its statistical properties change over time. This
is due to the high mobility of the train and the fact
that the train passes through different types of
environments, such as tunnels, viaducts, hilly
terrains, and open spaces. As a result, the channel
can exhibit different types of fading, such as
shadowing and multipath fading, which can affect
the quality of wireless communication. The HST
channel is a channel model that can capture the
nonstationary of the HST channel by incorporating
both large-scale and small-scale fading parameters.
This model can be used to design and evaluate
wireless communication systems on high-speed
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trains and other types of vehicular communication
networks. Also, this channel used a geometric-based
stochastic model (GBSM) that represents the
channel as a tapped delay line (TDL) structure,
where the taps are represented by multiple confocal
ellipses with the base station (BS) and mobile relay
station (MRS) located at the foci. The ellipses used
in this model are confocal, which means that they
share the same foci, and their shapes and sizes are
determined by channel parameters such as delay
spread, Doppler spread, and angle of arrival (AoA).
This channel model has never been simulated and
integrated with a DVB-Terrestrial communications
system before.

The contribution of this paper is in terms of the
use of DVB-Terrestrial technology which is
implemented directly on HST channels as a result of
GBSM-based channel modeling. As far as the author
observes, this is the first paper to use the results of
HST channel modeling integrated with a DVB-
Terrestrial communication system. This  will
produce significant differences, considering that the
characteristics of the HST channel used have never
been studied before to be combined with other
communication systems. In this paper, performance
parameters in the form of bit error rate (BER) will
be measured for predetermined signal to noise ratio
(SNR) values, using various vehicle speed scenarios,
in this case, high-speed trains. Apart from that,
analysis will also be carried out regarding the
Complementary Cumulative Distribution Function
(CCDF), Peak to Average Power Ratio (PAPR), and
the 64-QAM constellation diagram in OFDM
communications for DVB-Terrestrial applications.

The organization of the paper consists of
background which has been described in Section | of
the Introduction, Related Works in Section I,
Research Method and HST Channel Model are
explained in Section Ill, Section IV focuses on the
Results and Discussion, and Conclusions are
discussed in Section V.

2. Related works

Several studies that have been carried out related
to HST channel models and DVB technology are in
this section. The research undertaken by [11]
introduces a novel method for estimating the
frequency offset resulting from the Doppler shift.
This method effectively distinguishes the path with
the Line of Sight (LOS) component from the
multipath  channel.  The simulation results
demonstrate that the suggested scheme surpasses the
existing schemes in terms of mean square error. This
research differs from our previous study in terms of
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the implementation of the HST channel model,
which was executed in a more straightforward
manner. The HST channel in this research
exclusively  supports  multipath  propagation
characterized by Rayleigh and Rician distribution
models. The HST channel model exhibits a more
intricate structure by incorporating multiple levels of
multipath propagation inside the current elliptical
layers.

Other research on HST channels with Digital
Video Broadcasting — Second Generation Terrestrial
(DVB-T2) communication systems was carried out
in [12]. This paper discussed a beamforming-based
receiver for the DVB-T2 system in a HST
environment. The authors have proposed a new
signal processing scheme to effectively suppress
interference caused by multiple Doppler frequency
offsets and channel variations. The simulation
results show that the proposed beamforming-based
DVB-T2 receiver scheme is effective in suppressing
interference in the received signal in the HST
environment. The BER performance of the proposed
scheme is better than that of the conventional DVB-
T2 receiver, and the gain in SNR by the proposed
scheme is more than 20 dB. The disparity between
this research and the written publication lies in the
block diagram of the communication system
employed and the HST channel model. The previous
research utilized a communication system block
diagram that lacked a channel coding function, such
as the regularly employed Low-Density Parity

Check (LDPC) or Reed Solomon in DVB-Terrestrial.

In addition, the HST channel is simplified by
disregarding the multipath level utilized. Another
paper discussing DVB-T2 whose mobile user is
carried out by [3]. The author investigates the
efficiency of DVB-T2 and DVB-T2-Lite in mobile
receivers, specifically in relation to the TU6 mobile
channel in  sub-urban regions. The paper
demonstrates that inter-frame interleaving offers a
substantial performance benefit, particularly when
mobile speeds are poor. In addition, DVB-T2-Lite
with lower coding rates can surpass DVB-T2 at
extremely high speeds. The channel model
employed in this paper is mobile, namely in a
suburban setting. The mobile channel model
employed in this work has a slower velocity
compared to the HST channel model. Consequently,
the utilization of the HST channel at a significantly
greater speed leads to distinct variations in the BER
parameter values.
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Figure. 1 Block Diagram of Proposed DVB-Terrestrial
Communication Systems using HST Channel

3. Research method
3.1 System model

Figure 1 shows the block diagram of the DVB-
Terrestrial system using HST channel. This block
diagram shows the DVB-Terrestrial communication
system which is integrated with OFDM multicarrier
using the proposed HST channel model.

A. High-Speed Train (HST) Channel Model

The HST channel modeling using the DVB-
Terrestrial antenna can be shown in Fig. 2 below. It
can be stated using numerous equations based on
Fig. 2 that represent the form of HST
communication utilizing the DVB-Terrestrial
antenna. With reference to Ghazal's research, the
HST channel integrated in this study employs a
geometry-based  stochastic  model (GBSM)
nonstationary channel model [13]. A channel model
with three ellipses, single bounce (SB) components,
and a LOS component [13]. Taps are depicted as
several ellipses with the BS and DVB-Terrestrial
antennas in the center, based on the tapped delay
line (TDL) structure. The total number of ellipses or
taps is represented by the variable i, and there are
multiple scatterers, Ni.

Equations (1), (2), and (3) below represents the

LOS component h}95(t) and the SB component

h$%(t), respectively [13]:

hl,rs(t) = h%%(f) + hf,lrg"s(t) (1D
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Figure. 2 HST channel model [13]

hi%s(®) =
Krs  g=i2mfitss(®) g j2mmast cos($5250)-ng) 2)
Koo+ 1
1 rs(t) =
l _Firs '(19n1—271chrs,n1 (t)) x
KTS +1 N1—>°° ,Nl
JZTffmaxt COS(‘PR 1)(t) 77R) (3)

where the discrete propagation delay of the i-th tap
is represented by t; and complex ST-variant tap
coefficient is represented by h, ,5(t). The complex
tap coefficient for taps other than the first tap
(1 <i<I)of the T, — R link the sum of the SB
components only. Since there are three taps or
ellipses employed in this study, | = 3, which means
that i = 2 and 3. The complex equation for the other
taps is shown in Eq. (4) below [13]:

irs() = hffs G)

—\/ irs hm Z

elznfmaxt COS((PR 1)(t)—7IR), 1<i<] (4)

Iy —2TfcTrsm; (0) x

The system becomes stationary when the parameters
in Egs. (2), (3), and (4) fluctuate with time 7,4(t),

PS(), Trgn, ()G =1,2,...,1), and @™ . The
value of @, . indicates the average power for the i-
th tap. The value of 7,4(t) =¢€,,(t)/c and

Trsn; (1) = (emi(t) + enis(t)) /c is the respective
wave travel time through T, — R link and T, —
sM) — R_link.

B. HST Channel Validation

1) Probability Density Function (PDF)
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The probability function that depicts the density
of a continuous random variable falling within a
particular range of values is known as the
Probability Density Function (PDF). It is sometimes
referred to as the cumulative distribution function
(CDF). PDF is defined for continuous random
variables [14]. When a continuous random variable
is involved, let F(x) be the CDF of X. Then the
formula for the PDF, f(x), is given in Eq. (5) [14]:

dF()

f) =——==F () 5)

2) Complementary Cumulative Distribution

Function (CCDF)

Integral computation of the PDF to derive the
CDF. Ultimately, the Complementary CDF (CCDF)
is obtained by inverting the CDF [15]. Power CCDF
curves are defining the power characteristics of the
signals that are amplified, encoded, mixed, and
transmit over communication systems. Generally,
the CDF and CCDF of a continuous or discrete
signal, X, is stated in Egs. (6) and (7) below [14]:

Fy() =P(X <x)=["_f(t)dt forxeR (6)
The CCDF is formulated as in Eq. (7) below [14]:
Fx(x) = P(X > x) =1 — Fx(x) ()

A plot of relative power levels vs probability is
called a CCDF curve [15].

3) Peak to Average Power Ratio (PAPR)

The OFDM signal is produced by subjecting
data symbols to an Inverse Fast Fourier Transform
(IFFT). There is a high possibility that a subset of
these symbols adds up coherently, leading to the
production of some large peaks at the output. This
phenomenon is usually quantified in terms of PAPR,
which is proportional to the number of subcarriers
[16]. High PAPR can decrease the SNR while
diminishing power amplifier performance. As a
result, RF power amplifiers must be operated in a
very large linear region then signal peaks will enter
the non-linear region, causing distortion [17].

The PAPR of the OFDM symbol is defined as
the ratio between the maximum power of the OFDM
symbol and the average power of the OFDM symbol
[18]. The PAPR of the OFDM sequence x[n], which
we denote as PAPR{x[n]}, can be defined in Eq. (8)
as follows [19]:
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Ppeak _ maxlx[n]lz

Paverage B E{lx[n]|?}

PAPR{x[n]} = 8

with x[n] is an OFDM signal after IFFT (for N sub-
carriers), E{.} is the expectation operator, and the
denominator is the average power of x[n] over 0 <
n <N-1

The CCDF is typically used instead of the CDF
to assess the possibility that the PAPR of a certain
data block will exceed the specified threshold. The
CDF is described in Eg. (9) below [20]:

CDF=F(z)=1—e"% 9)
with Z as the threshold value. The CCDF refers to
the probability that the PAPR value of the OFDM
symbol is greater than or equal to a specific
threshold Z [21]:

CCDF = P{PAPR > 7} (10)

Based on Egs. (9) and (10), the relationship between
CDF, CCDF, and PAPR is obtained as follows [20]:

P{PAPR >Z}=1—P{PAPR<Z} =1—-F(2)N

=1—(1—e )N (11)

C. DVB-Terrestrial Using OFDM Multicarrier

DVB-Terrestrial with the use of OFDM, was
standardized by the European Telecommunications
Standards Institute (ETSI) [22]. The use of OFDM
requires Fast Fourier Transform (FFT) and Inverse
Fast Fourier Transform (IFFT) for generating sub-
carrier frequency by applying the orthogonality
principle. Multicarrier modulation (MCM) with N
sub-carriers, frequency f; and each k-th sub-carrier
transmits a complex symbol {d;}¥—; which
produces a transmit signal [23]:

k

s(t) = Z[l cos(2nfit) + Q sin(2ufi,t)] (12)

i=1

k
s(t) = Z Re{d;e/?™k}; 0 <t < Ty (13)

=1

with f, = f, + kAf and k = 0, 1, 2, ..., N-1.
Notation N is the number of subcarriers with a
distance between sub-carriers of Af.
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For wide channels, the symbol duration is
smaller than the delay distribution 1, so inter-symbol
interference (I1SI) occurs. So that a channel does not
experience ISI, the symbol frequency (1/Ts,,) must
be greater than the delay distribution (1) of the
channel. To overcome this problem, the MCM splits
the bit stream with a high speed in parallel into L
sub-streams with a lower speed, namely RI/L,
through a serial to parallel (S/P) conversion process,
so that each sub-stream has symbol duration
Tsym/L >> 1.

D. Channel Coding
1) Reed Solomon (RS)

Nonbinary codes consisting of m-bit sequences
as symbols are known as Reed Solomon (RS). An
integer m can be any positive number greater than 2.
There are RS (n, k) codes on m-bit symbols for
every n and k considering this condition [24]:

0<k<n<2m+2 (14)

where Kk is the number of data symbols being
encoded, and n is the total number of code symbols.
For the most conventional RS (n, k) code [24]:

(mk)=0Qm—-12m—-1-2t)  (15)

where t is the symbol-error correcting capability of
the code, andn — k = 2t is the number of parity
symbols. The code can correct any combination of t
or fewer errors, where t can be expressed as [24]:

S

Equation (16) illustrates that correcting t symbol
errors requires no more than 2t parity symbols.

2) Convolutional Coding

Convolutional Coding (CC) describes how the
information bits are modulated with a convolution
code and sent through a linear finite-state shift
register by the encoder to convert k-bit information
into an n-bit codeword [25]. N binary addition
operations and K-stage shift registers with k bits per
stage make up the encoder structure. By adding bits
from each step in binary order, each bit produces an
output codeword. The encoder's constraint length is
KK, its coding rate is k/n, and its total possible
states are 2(K — 1)k [26].

3) Viterbi Decoding
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By employing an asymptotically optimal
decoding strategy, the Viterbi decoding is the most
comprehensive decoding method for convolutional
codes. The Viterbi decodes the bit stream and fixes
the faults by utilizing the redundancy imposed by
the convolutional encoder [27]. By using the Viterbi
algorithm, CC-based on the Trellis diagram can be
decoded using either hard-decision or soft-decision
decoding. When decoding with challenging
decisions, the Viterbi approach finds the path across
the trellis diagram with the smallest Hamming
distance from the received sequence. Soft-decision
decoding selects the path from the input sequence
that produces the smallest Euclidean. Hard-decision
decoding involves determining the Hamming
distance for a given path in a Trellis diagram. The
decoder chooses the data sequence from the route
with the shortest Hamming distance [28].

3.2 DVB-Terrestrial system in HST environment

There are several Digital Terrestrial Television
standards, including Digital Video Broadcasting —
Terrestrial. At the DVB-Terrestrial transmitter,
several programs can be packaged into a physical
layer pipe (PLP). Even, in a multi-PLP systems,
several PLP are packaged further into a baseband
(BB) frame format. This format is transmitted using
OFDM modulation, where a stream of bits is split
into several sub-streams, each of which modulates a
dedicated sub-carrier frequency [29].

In the HST environment, the signals from
different BS will travel through different channels
and experience different Doppler shifts in the
transmission. The received signal at the receiver will
be a signal with multiple Doppler frequency offsets
and different time-varying channels [12]. One of the
main parameters related to mobile performance is
the FFT size due to its relation with the influence of
Doppler spread. Smaller FFT size improves the
performance. Some Doppler frequency examples at
a 600 MHz RF channel frequency of are [30]:

o For highway speed, 130 km/h or 80 mph, 72 Hz.
4K FFT should be used.
e For high-speed trains, 250 km/h or 155 mph, 139

Hz. 4K FFT can still be used but with QPSK 2/3.

In OFDM-based DVB-Terrestrial systems, the
orthogonality is not guaranteed in the presence of
the Doppler effect. The Doppler spreading of the
transmitted signal produces the ICI, which degrades
the performance of OFDM systems [31]. In DVB-
Terrestrial communication, the transmission quality
improves with additional channel coding (CC and
RS) and using modulation 64-QAM. DVB-
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Table 1. Simulation parameters
No Parameter Notations Values
1 | Carrier frequency fc 2.6 GHz, 470
MHz
2 | Symbol duration Ts 10 ps — 200
s
3 | Train Speeds VR 5 m/s, 50
m/s, 100 m/s
4 | FFT size N 2048
5 | Max delay spread Tmax 5.6 Us
6 | Distance range D(t) 250m;1550m
7 | Initial distance D(to) 800m
8 | Rician factor K 5.9
9 | Modulation M 64 QAM
10 | Bandwidth L 8 MHz
11 | Channel Model H HST Channel
12 | Max Doppler Fd 156 Hz for
Freq. 360 km/h

Terrestrial OFDM subcarriers form channels or sub-
groups, Physical Layer Pipes (PLP) with different
parameters, such as modulation type, the code rate,
interleaving, etc. [32].

3.3 Simulation parameters

The simulation parameters utilized in this study
are listed in Table 1.

4. Result and discussion
4.1 CCDF and PAPR analysis

The CCDF in the field of wireless
communications is a statistical function that
measures the probability that a certain signal power,
will exceed a specific threshold value. It is
particularly useful in the analysis and design of
wireless communication because it helps in
understanding the characteristics of signal variation,
known as fading. The CCDF is plotted as a graph
where the vertical axis shows the probability that the
power output will exceed a certain value on the
horizontal axis. This graph aids in designing
communication systems by considering the effects
of high-power peaks and in choosing or designing
equipment that can handle these peaks without
causing significant losses in signal quality or system
efficiency. The CCDF is also commonly used to
characterize power amplifiers or to assess system
performance in terms of PAPR. The CCDF provides
insight into how often and by how much the signal
peaks exceed the average power of the signal. This
is crucial because in many communication systems,
like OFDM, high PAPR can cause nonlinear
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distortion in power amplifiers and decrease the
overall system efficiency.

In a wireless channel, the relationship between
the user's speed and the CCDF is related to the
variability of the signal, which affects the
distribution of the signal's amplitude or power. As
the speed of a user increases, particularly in mobile
scenarios such as in a car or train, the characteristics
of the wireless channel change more rapidly due to
the Doppler effect and fast fading. The Doppler
effect causes the frequency of the signal received to
vary depending on the speed of the user relative to
the transmitter, which can lead to a spread in the
signal's spectrum known as Doppler spread. Fast
fading occurs when the amplitude and phase of the
signal change rapidly over short periods of time or
travel distances, which is more pronounced at higher
speeds. These changes can lead to a higher
variability in the received signal power.
Consequently, the CCDF of a high-mobility user's
signal might show a higher probability of signal
peaks exceeding a certain threshold compared to a
stationary or slow-moving user. This is because the
fast variations in the signal can lead to more
frequent and higher peaks in signal power.

a. HST speed (v,.) of 5 m/s

In this section, we analyze the relationship
between HST speed and CCDF. There are 3 speeds
compared, namely at 5 m/s which represents low
speed, 50 m/s represents medium speed, and 100
m/s represents high speed. CCDF results at a speed
of 5 m/s can be shown in the Fig. 3 below. At this
speed, signal values that are more than 10.552 dB
have a probability of 0.0001 as shown in the black
graph. This value is worse than the average signal
obtained when using the AWGN channel which is
shown in the blue graph. This condition will vary if
the speed is changed so that the HST channel also
changes.

The PAPR value produced at this speed is
10.553 dB, as shown in Fig. 4. High PAPR values
indicate that at times, the signal can have very high
peaks compared to its average level. This is
common in modulation schemes like OFDM used in
modern wireless communication systems like LTE
and DVB. In practical terms, a high PAPR can be
challenging for wireless communication systems
because it requires the power amplifier to operate
efficiently over a wide dynamic range to
accommodate the high peaks without distortion.
Power amplifiers with high linearity are needed to
handle high PAPR signals without incurring
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significant distortions, which can be more expensive
and less power efficient.

b. HST speed (v,.) of 50 m/s
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If the speed of the train is increased 10 times

from the first scenario, the CCDF graph against
speed changes as the signal limit value increases
beyond the AWGN channel as in the Fig. 5. This
shows that at higher speeds, the CCDF value
becomes better due to the channel coding embedded
in the communication system The role of this coding
channel will improve the CCDF value which should
be worse at higher speeds to better CCDF value. The
CCDF value of the HST channel in this condition
has a value of 15.312 with the smallest probability
of 0.0001.
The PAPR value is calculated to be 15.535 dB at a
speed that is 10 times faster than the prior value of
approximately 5 dB. It is shown in Fig. 6. This
demonstrates that the PAPR value will increase as
the speed of the fast train increases. This result
increases in the disparity between the strongest and
weakest signals. This can be foreseen by designing
the power amplifier appropriately to prevent linear
distortion. The existence of channel coding used in
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the communication system cannot overcome the
increase in PAPR due to the increase in HST speed.

c. HST speed (v,.) of 100 m/s

If we increase the HST speed twice from the
second speed scenario, it will produce a CCDF
graph as in the following Fig. 7. The CCDF value
has a limit of 16.249 dB with a probability of 0.0001
or higher than the CCDF in the previous speed
scenario. This can occur due to the influence of
channel coding which overcomes the non-linearity
of the HST communication channel, resulting in
CCDF values at higher speeds. RS codes are a type
of error-correcting code (ECC) that are particularly
effective in correcting burst errors including those
used in Digital Video Broadcasting (DVB). In DVB,
data can be corrupted due to various reasons like
noise, interference, or signal fading. RS codes can
correct these errors effectively, ensuring the integrity
of the received data.

The PAPR value produced in this highest speed
scenario (100 m/s) can reach a value of 16.255 dB,
as described in Fig. 8 below. This results in a higher
value than the PAPR of the previous speed scenario.
This can happen because, in the block diagram of
the communication system used, there is no PAPR
mitigation method. There are various techniques
specifically designed to reduce PAPR in OFDM
systems. These include clipping and filtering,
selective mapping (SLM), partial transmit sequences
(PTS), and coding techniques. However, these
techniques are not the same as channel coding used
for error correction.

4.2 The 64-QAM constellation diagram

a. HST speed (v,.) of 5 m/s
In this study, we used 64-QAM modulation. This
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Figure. 8 PAPR at a speed of 100 m/s
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of 50 m/s

modulation scheme can transmit 6 bits per symbol,
as it has 64 distinct states or symbols in the
constellation diagram. This allows for a higher data
rate, making it suitable for applications requiring
high bandwidth, such as high-definition television
(HDTV) broadcasting.

With its higher number of symbols, 64-QAM is
more sensitive to noise and interference. The
symbols in the constellation diagram are closer each
other, so it's easier for noise to cause errors in
symbol interpretation. The use of 64-QAM in DVB-
Terrestrial represents a trade-off. While it allows for
higher data rates, it is less robust against channel
impairments compared to simpler modulation
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schemes. The choice of using 64-QAM would
depend on the desired balance between throughput
and transmission robustness. In the constellation
diagram at Fig. 9 above, the speed scenario is 5 m/s
and the condition of the channel which has
multipath has caused the symbols to spread from
their proper position. The distribution of this symbol
will have a pattern as the speed increases in the next
scenario.

b. HST speed (v,.) of 50 m/s

In the speed scenario which is up to 10 times
higher than the first scenario, the constellation
diagram graph appears to have improved due to the
RS channel coding used in the communication
system. The constellation diagram appears to
produce symbols that form a clustered pattern to
produce a thicker line at a certain coordinate area,
see Fig. 10. This is easier to anticipate than the
previous constellation diagram which forms a more
random and un-patterned symbol distribution pattern.
These known spreading patterns help in channel
estimation and synchronization, which are crucial
for accurate symbol detection in 64-QAM.

c. HST speed (v,.) of 100 m/s

In the highest-speed scenario, the graphic pattern
of the constellation diagram increasingly produces a
symbol distribution pattern that becomes smaller
and forms thinner lines. It can be described in Fig.
11. This happen because the performance of the RS
channel coding works better in high-speed scenarios.
With a more patterned symbol distribution pattern, it
will facilitate the symbol detection process on the
receiver side.
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Figure. 11 The 64-QAM constellation diagram at a speed
of 100 m/s
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4.3 Bit error rate analysis

In this section, we investigated the relationship
between HST speed and the resulting BER. This
graph contains the 3-speed scenarios and a
comparison with the BER graph on the Rayleigh
channel. This graph is used to validate 3 graphs
from 3 different speed scenarios. On the Rayleigh
channel graph, we set the HST speed to zero or not
moving. This will result in the BER value on the
Rayleigh channel having the best value among all
existing graphs. The comparison results of the BER
graph with HST speed can be seen in Fig. 12. From
this graph the smallest speed scenario, namely 5 m/s,
has a better BER value for each SNR compared to
the other 2 speed scenarios. This naturally occurs
because greater speed will produce worse BER
values. However, if we look at the values of the
other 2 speed scenarios, the difference in BER is
very small. This can occur due to the performance of
channel coding when correcting HST channels with
non-linear burst error characteristics.

5. Conclusion

We have analyzed and emphasized the critical
impact of high-speed train (HST) environments on
the performance of DVB-Terrestrial systems. In
detail, the influence of HST channel on CCDF,
PAPR, and BER parameters has been analyzed in
this research. We use a geometric channel model
that has never been used before to be integrated with
a DVB-Terrestrial communication system. The
performance of the channel coding used in this
research affects improving the performance of
CCDF parameters at higher train speeds, resulting in
better CCDF values. This is demonstrated by the
CCDF data, which show that at a speed of 5 m/s, the
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smallest probability of 0.0001 yielded a value of
10.552 dB, while at speeds of 50 m/s and 100 m/s, it
grew to 15.312 dB and 16.249 dB. In addition, the
PAPR parameters will get worse as the train speed
increases. According to the research findings, at
speeds of 5 m/s, 50 m/s, and 100 m/s, the PAPR
values were higher (worse) at 10.553 dB, 15.535 dB,
and 16.255 dB, respectively. This study was not
equipped with PAPR mitigation. The influence of
RS channel coding makes the 64-QAM modulation
diagram constellation better when the train speed
increases sharply.
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