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= ABSTRACT- Trellis Coded Modulation (TCM) is powerful technique employed in digital communication systems to
|mprove the reliability and efficiency of data transmission. TCM combines error control coding and modulation schemes to
achieve superior performance in challenging channel conditions. In TCM, information bits are encoded using a trellis encoder,
which generates a sequence of encoded symbols. These symbols are then mapped onto a modulation scheme, such as Quadrature
Amplitude Modulation (QAM) or Phase Shift Keying (PSK), to create the modulated signal. At the receiver, the received signal is
demodulated and decoded using a trellis decoder, which employs maximum likelihood decoding to recover the original
information bits. The trellis structure allows for efficient error correction and makes TCM particularly suitable for channels with
fading, noise, and other impairments. TCM has been widely used in various communication standards and applications to enhance
data transmission reliability and spectral efficiency. TCM is a coding technique that merges coding and modulation to attain
substantial coding gain without compromising bandwidth efficiency. The emergence of TCM occurred in the late 1970s, and ever
since, it has found extensive utilization in various contemporary information transmission systems. In this paper, a new
methodology is introduced for the design of a 64-state rate 5/6 TCM code optimized for fading channels. The outcomes obtained
from the study are remarkably encouraging, demonstrating coding gain of around 10 dB in comparison to uncoded 32 PSK. This
substantial gain plays a pivotal role in boosting data rates, especially in situations where bandwidth-limited channels are involved
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1. INTRODUCTION

Cbncept of employing error correction coding in conjunction
with compatible modulation technique has been widely
recognized and adopted for a significant duration. In fact, the Expanding signal set can lead to a decrease in distance
idea of utilizing multilevel modulation of symbols encoded  petween signal points, which in turn may result in an increased
with convolutional codes was already established before the error rate. To address this issue, TCM coding techniques are
advent of Trellis Coded Modulation (TCM) [1-2]. When  ytjlized. It is an effective coding technique that attains coding
expanding signal set for providing the desired redundancy, itis  gain without compromising bandwidth. TCM enables robust
important to note that it also results in a reduction in distance and efficient communication at high data rates, even in
between signal points, assuming mean energy remains  scenarios where bandwidth is limited. The unique
constant. Phenomenon is visually depicted in figure 1, characteristic of TCM makes it highly appealing for mobile

Fig. 1 Reduction in distance post expansion of signal points
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radio communications, where spectrum and power resources
are limited and valuable. Fundamental innovation of TCM
resides in the notion of considering convolutional encoding
and modulation as a unified and integrated operation, rather
than separate entities. By adopting this integrated approach,
transmission system achieves enhanced performance and
efficiency. TCM undertakes the combination of modulation
and convolutional coding scheme to strive for superior noise
immunity compared to uncoded transmission, resulting in
improved robustness against disturbances and noise [3-4]. This
achievement is accomplished without requiring signal
bandwidth expansion or an increase in transmitted power.
TCM provides a well-balanced approach to enhance system
performance in the presence of noise. The evaluation of TCM
scheme's performance is typically quantified by measuring the
coding gain attained in comparison to an uncoded signal. The
coding gain serves as a metric to evaluate the extent of system
performance improvement offered by TCM, highlighting its
capability to mitigate channel noise and enhance
communication reliability [5-8].

When designing a TCM scheme, special attention is paid to
enhance the minimum free distance by establishing a
connection between the modulation scheme and the trellis
structure. This careful consideration aims to optimize the
overall performance and reliability of the TCM system. This
ensures that the TCM scheme effectively maximizes the
separation between transmitted symbols, consequently
enhancing the code's error correction capabilities. By
strategically increasing the distance between symbols, the
TCM scheme strengthens its ability to detect and correct
errors, leading to improved overall performance and
reliability. In TCM, the mapping of symbols from the encoder
output to the modulator involves a nontrivial process. It does
not simply entail a direct mapping. Instead, the signal
constellation is divided into distinct signal sets, and the
symbols are mapped accordingly within these sets. This
strategic mapping approach allows for efficient utilization of
the signal space and optimizes the performance of the TCM
system. The partitioning of the signal constellation in TCM
facilitates efficient encoding and modulation, leading to
improved error correction capabilities and overall
performance. In TCM, the selection of the signal set is
determined by the encoder output, while an additional
systematic input is utilized to choose the specific symbol
within the selected signal set. This combination of encoding,
modulation, and systematic selection enables effective
utilization of the signal space, contributing to the enhanced
performance of TCM. By incorporating the dual process of
signal set selection and symbol mapping, an optimized
encoding and modulation scheme is achieved in TCM. This
approach enables efficient error correction and maximizes the
overall system performance. The performance of TCM is
significantly impacted by the various methods employed for
symbol selection, as they directly influence the system's
robustness and capacity to mitigate errors. The selection
methods for symbols play pivotal role towards determining the
overall performance along with efficiency of TCM scheme.
These methods directly impact the scheme's capability to
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combat noise and achieve reliable communication. The careful
choice of symbol selection methods significantly contributes
to the system's robustness, error correction capabilities, and
overall reliability.

Among the various types of errors in convolutional codes,
pairwise error stands out as one of the most significant.
Pairwise error arises when the decoder mistakenly selects a
sequence that differs from the one originally transmitted by the
transmitter. This specific error type has significant
implications for the overall decoding accuracy and reliability
of the system. Pairwise errors in convolutional codes typically
originate from incorrect state transitions within the decoding
process. To tackle this challenge, it is crucial to allocate
constellation points in a manner that maximizes the Euclidean
distance between them for divergent and emergent branches.
This approach effectively reduces pairwise errors by
enhancing the distinguishability between different state
transitions, consequently improving the overall decoding
performance, and minimizing the error rate. By strategically
designing the constellation points, the system benefits from
increased reliability and robustness in decoding convolutional
codes. Through strategic assignment of constellation points to
divergent and emergent branches based on their Euclidean
distance, the modulation and convolutional encoder are
effectively merged. This integration ensures that the encoding
process incorporates the characteristics of the modulation
scheme, leading to an optimized system that maximizes the
separation between signal points and enhances the error
correction  capabilities. By  harmoniously  combining
modulation and encoding, the system achieves improved
performance and robustness in transmitting and decoding data.
Within TCM, the detection process adopts a soft decision
approach rather than a hard decision approach. Unlike binary
decision-making on the received signal, soft decision decoding
takes into account the likelihood of various symbol values,
considering the effects of noise and channel conditions. By
considering these factors, soft decision decoding enables more
informed and accurate symbol detection, enhancing the overall
performance and reliability of the TCM system. By employing
a soft decision decoding approach, the system achieves more
accurate and robust decoding, especially in scenarios where
the received signal is affected by noise or interference.
Utilizing hard-decision demodulation before decoding in a
coded scheme leads to an irretrievable loss of information,
consequently impairing the SNR. Hard-decision demodulation
involves making binary decisions on received symbols,
disregarding valuable information about reliability or
confidence of those symbols. In contrast, soft decision
decoding retains and utilizes this additional information,
leading to improved decoding performance and higher SNR in
the TCM system.

The loss of information through hard-decision demodulation
can adversely affect the overall system performance,
diminishing the ability to effectively correct errors and
potentially resulting in decreased decoding accuracy. When
employing the maximum likelihood criterion in soft-decision
decoding on a fading channel, the optimal sequence decoder's
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decision rule relies on calculating the Euclidean distance. This
distance measure plays a crucial role in determining the most
likely sequence, enabling more reliable and accurate decoding
in challenging channel conditions. The decoder chooses the
sequence with the highest likelihood by evaluating the
calculated Euclidean distances between the received symbols
and the potential transmitted symbols. Through the
consideration of Euclidean distance, the soft-decision decoder
accurately determines the most probable transmitted sequence,
accounting for the influence of fading and noise on the
received signal. This approach enables robust decoding by
effectively mitigating the effects of channel impairments,
resulting in improved system performance and reliable
communication. In essence, the optimal decoder chooses the
code sequence that displays the closest proximity to received
sequence in accordance with Euclidean distance. By
incorporating Euclidean distance metric, decoder accurately
identifies the transmitted sequence that is highly probable,
considering the impact of fading, noise, and other channel
impairments. This utilization of the Euclidean distance metric
allows for effective recognition of the most likely transmitted
sequence, leading to enhanced decoding performance and
improved resilience against various channel conditions.
Through the integration of TCM with a suitably deep
interleave, substantial coding gains can be attained,
particularly in fading channels, when compared to uncoded
schemes. However, adhering to proper design criterion
[4,9,10,11,12] is crucial when constructing code. Combination
of TCM and interleaving strengthens the system's resilience
against fading, effectively mitigating the impact of fading-
induced errors and enhancing overall performance. This
integration ensures improved error correction capabilities and
robustness, leading to reliable communication even in
challenging fading environments [13].

This paper introduces a novel methodology for designing a 64
-state rate 5/6 Trellis Coded Modulation (TCM) code
specifically tailored for optimal performance in fading
channels. The results derived from the study present highly
encouraging outcomes, revealing a significant coding gain of
approximately 10 decibels (dB) when compared to the
uncoded 32-PSK scheme. This noteworthy gain is pivotal in
enhancing data rates, particularly in scenarios characterized by
bandwidth limitations. The implications of this achievement
are crucial, as the substantial coding gain not only signifies the
effectiveness of the proposed TCM code but also points to its
potential in elevating communication performance in
challenging environments. This paper contributes to the
advancement of communication technologies, especially in
situations where reliable data transmission is essential, by
demonstrating the efficiency of the newly introduced TCM
code in optimizing communication over fading channels.
Sections of this paper have been organized in the following
manner. Section 2 offers concise overview of System Model,
highlighting its essential elements and functionality. Section 3
introduces the proposed design approach and outlines the
systematic rules for creating an optimal code tailored
specifically for the rate 5/6, 64-state, 64-QAM TCM scheme
in fading channels. This section details the strategies and
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considerations involved in designing the code to ensure
optimal performance in challenging channel conditions. This
section delves into the design methodology, offering
comprehensive insights that facilitate the creation of an
efficient and effective code specifically tailored for the given
system parameters. Section 4 provides an in-depth explanation
of the code construction process, presenting a step-by-step
guide on how the code is systematically built. The section
elucidates the key considerations and techniques involved,
empowering the reader with a clear understanding of the code
construction procedure. Subsequently, section 5 centers on the
performance analysis of the proposed code, thoroughly
examining its efficacy under diverse conditions. Moving
forward to section 6, the results obtained from simulations are
presented, and the corresponding conclusions derived from
these findings are discussed. This section provides a
comprehensive summary of the attained results, highlighting
their significance and implications for both the proposed code
and the overall system. The discussion encompasses the
strengths, limitations, and potential areas for further
improvement based on the simulation outcomes.

2. SYSTEM MODEL

Figure 2 presents a generalized block diagram showcasing the
implementation of a TCM scheme [5] in fading channel. The
scheme starts with input bits that undergo encoding by trellis
encoder, resulting in a sequence of signals s, = (54,55 ...5;),
Each signal represents a k dimensional vector selected from M-
QAM signal set, wherein present time index is denoted by i.
This block diagram illustrates the comprehensive information
flow and signal processing within the TCM scheme,
emphasizing the crucial encoding and modulation stages. It
provides a visual representation of the overall operation and
highlights the key components involved in the TCM process.
Through the utilization of complex notation, every signal within
the TCM scheme can be denoted as point in complex plane.
This representation offers a convenient means to visualize and
analyze the signals. Moreover, the coded signals can undergo
interleaving, a procedure in which they are rearranged to
distribute and mitigate bursts of errors. Interleaving plays a
crucial role in enhancing the system's error correction
capabilities and improving performance of TCM scheme in
presence of channel impairments. It ensures a more robust and
reliable transmission by effectively dispersing the impact of
errors, leading to improved decoding accuracy and overall
system resilience. Before modulation and transmission over the
channel, it is essential to implement pulse shaping on the signal
to mitigate Inter Symbol Interference (ISI). Pulse shaping
techniques ensure that the transmitted signal is appropriately
molded in the time domain, thereby reducing the likelihood of
symbol overlap, and minimizing ISI effects. However, during
the transmission process, the signal inevitably encounters
additive white Gaussian noise, which is inherent to the channel.
This noise component introduces randomness and impacts the
overall quality of the received signal, leading to potential
degradation in performance.

At the receiver end, the received signal undergoes demodulation
and quantization to facilitate the subsequent decoding process.
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Furthermore, a channel estimator can be utilized to estimate the
channel gain, offering valuable insights into the prevailing
channel conditions. This channel gain estimation plays a crucial
role in decoding process, enhancing performance of coded
system. By incorporating channel gain estimation, the decoder
can adapt its decoding strategy to effectively accommodate the
fluctuating channel conditions. This adaptive approach
improves the overall system performance and reliability by
enabling the decoder to make informed decisions based on the
estimated channel gain, thus mitigating the adverse effects of
varying channel conditions, and optimizing the decoding
accuracy. The sequence r = (ry, I, ..., 1) is utilized as the input
for the TCM decoder, where Maximum Likelihood (ML)
decoding is performed. Through ML decoding techniques, the
TCM decoder strives to identify the most probable transmitted
sequence by analyzing the received sequence of symbols. By
assessing the likelihood of various transmitted sequences, the
decoder aims to faithfully reconstruct the original transmitted
data, effectively correcting any errors that might have occurred
during the transmission process. The ML decoding approach
ensures a robust and accurate recovery of the transmitted
information by leveraging statistical analysis and probability
estimation to determine the optimal sequence that aligns with
the received symbols.

Input | | Source Channel Digital
Bits Encoder Encoder Modulation

Output | | Source Channel |_ | Digital
Bits Decoder Decoder Demodulation

Fig. 2 System block diagram
System’s discrete-time model depicted in figure 2 has been

presented in figure 3. Model offers a depiction of received
signal at time index i and mathematically expressed as follows:

I, =C,.S; +n, @
Complex Gaussian noise indicated by n;j has zero mean and No/2
variance. Similarly, ci represents complex channel gain, having
complex Gaussian process with variance of c?.

ci can also be written as

Ci=4q el (2

here a; indicates the amplitude and ¢; phase.
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Channel | | Digital

I Channel || Digital
Encoder Modulation

Decoder Demodulation

TCM Encoder

TCM Decoder

Fig. 3 Discrete time model of System

Undertaking coherent detection at receiver, phase shift caused
by channel gets compensated. Consequently, equation (1) can
be simplified as follows:

=S +n ©)
here a; indicates the amplitude of noise.
i 3. DESIGN

Set of formulated rules are discussed in this section, which are
employed in design and construction of rate 5/6, 64-state TCM
coding scheme specifically optimized for fading channels.
Rules proposed, serve as essential guidelines, enabling the
effective design of TCM codes that exhibit high performance
and robustness, even in the presence of channel impairments
induced by fading. These rules have been derived by
extending the guidelines proposed in previous studies for 4-
state, rate 2/3 TCM codes designed in respect of fading
channels [5]. By leveraging these existing principles, the
formulated rules presented in this study offer a comprehensive
framework for designing rate 5/6, 64-state TCM codes that are
specifically tailored to effectively tackle the challenges posed
by fading channels. Ungerboeck utilized heuristic methods to
design rate 2/3 having 8-state, 8PSK TCM scheme,
specifically tailored to optimize performance in fading
channels [5,13]. Through careful optimization of TCM
parameters, Ungerboeck successfully developed a coding
scheme that significantly improves performance and
robustness in fading channel environments.

This paper presents a comprehensive set of guidelines for
designing 64-state, 64-QAM TCM schemes that are
specifically optimized to mitigate the impact of fading
channels. These guidelines offer wvaluable insights and
recommendations for designing TCM schemes that effectively
overcome the challenges posed by fading, ensuring reliable
and efficient communication in fading channel scenarios. The
proposed guidelines serve as a valuable resource for
researchers and practitioners working on the design and
implementation of TCM schemes in fading environments.

A 64 x 64 matrix is employed to represent the signals
corresponding to transitions between states in consecutive
stages within the TCM scheme. Each element in the matrix
corresponds to the signal connected with path going out from
state i at stage k to state j at stage k+1. This matrix serves as a
valuable tool, providing a comprehensive representation of
signal relationships and transitions within the TCM scheme. It
facilitates the analysis and design of the system by offering
insights into the signal dynamics and aiding in the
optimization of the TCM scheme. Moreover, within matrix,
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elements of i row represent signals connected with paths
diverging from state i, while the elements of j column
represent signals associated with paths reemerging at state j.
This organized arrangement offers a clear depiction of the
signal flow and connectivity between different states within
the TCM scheme. By visualizing the relationships and
interactions between states, this representation aids in the
analysis and optimization of the system's performance. It
enables a comprehensive understanding of the signal dynamics
and assists in fine-tuning the TCM scheme for improved
efficiency and reliability.

By utilizing set partitioning techniques, the 64-QAM signal set
is divided into two distinct subsets: A¢ = {So, S2, S4, Se, Ss, S10,
........ S50, Ss2, Ss4, Ss6, Ss8, Se0, Se2} and Ar = {s1, Ss, Ss, S7, So,
S11, $13, ........ Ss1, Ss53, Ss5, Ss57, Ss9, Se1, Se3}. These subsets are
defined based on their minimum intra-set distance, which is
denoted as 1. The partitioning of the signal set into these
subsets facilitates efficient organization and analysis of the
signals within the TCM scheme. This enables the
identification and utilization of specific subsets, which can be
beneficial for optimizing the performance and efficiency of the
TCM scheme. Signal constellation diagram has been shown in
figure 4.

64-QAM Constellation Diagram

In-Phase

Fig. 4. 64-QAM signal constellation

In this context, the assignment of signal points to elements of
matrix is guided by two rules that have been proposed:

The first rule dictates that each signal can appear once in either
any row or any column.

The second rule takes into account the limited number of paths
emerging from each state in a 64-state, rate 5/6 code. It
specifies that a signal can be connected to a transition path
between two states only if the Least Significant Bit (LSB) of
the initial state label matches the same bit, y € {0, 1}, as the
Most Significant Bit (MSB) of the destination state label. For
each value of y, all associated signals must be exclusively
chosen from either set Ao or set A;.
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4. CODE CONSTRUCTION

This section is dedicated to the design of a TCM code
specifically tailored for a rate 5/6, 64-state, 64-QAM scheme,
adhering to rules described in preceding section. Following
second rule, initial stage involves eliminating the transitions
that do not conform to the prescribed conditions.
Subsequently, subset Ay is assigned to signal paths where the
Least Significant Bit (LSB) is 0, while subset A; is associated
with signal paths where the LSB is 1. As a result, even-
numbered rows in the transition matrix will utilize subset Ao,
while odd-numbered rows will make use of subset A;. During
this process, any signal point from subset Ao is selected as
initial element for first row, and likewise, any other signal
point from subset A; is chosen as first valid element for
second row of transition matrix. Now, designate so from subset
Ao and s; from subset A; as the respective first elements. In
next step, signals belonging to subset Ao and A:; will be
allocated to 1%, 2", 3", and 4"rows in accordance with the
second rule.

Moving forward, we can choose either s, or sg as first element
of fifth row, and similarly, sz or s7 can be selected as first valid
element of sixth row. Opting for sg and s;, the remaining
signals will be allocated to the remaining rows, adhering to the
second rule. With this, the code design is successfully
finalized.

=: 5, PERFORMANCE ANALYSIS

In the performance analysis, we consider a memoryless
channel with statistically independent fading amplitudes. The
probability of an error event plays a crucial role in evaluating
the system's performance. A lower probability of error event
indicates a lower number of errors, while a higher probability
of error event implies a higher number of errors [14-15].
Therefore, understanding error event’s probability is crucial
for assessing system's performance accurately. In this section,
we will derive the error event probability and explore upper
bound of pairwise error probability [6]. We make several
assumptions, including coherent detection, ideal Channel State
Information, and independent fading from symbol to symbol.
Under these assumptions, we can express upper limit of
pairwise error probability for decoding the symbol sequence
when the transmitted symbol is given a Rician Channel as
follows:

1 =12
( Kg|(5i-5)|

-——0 4
(1+K) o 1+K+ﬁ|($i—§i)|2> @

P(S,8) <y ——————
2(551) Hl‘11+1<+ﬁ|(si—s‘i)lz

In scenarios where SNR is high, aforementioned equation is
simplified to:

A 1+K)e K
Py (S, S) < lien—++————= (5)
' 77—4;,0|(Si—51)|

The symbol 5 represents the values of i where the transmitted
symbol and the received symbol are not equal. Let the number
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of such values be denoted by [,. Then, equation (5) can be
expressed as follows:

&y o (+K)e Kyl
Py(85,8) < —F—5— 6
2( l l) (ﬁ)lndlz’lﬂ ( )
Here, d31,, indicates squared product distance of signals when
the transmitted symbol and the received symbol are not equal,
along error event 5 path, and defined as:

d3(l;) = [iey|(Si — gi)|2 ()

An error event refers to a situation where the path of the
received data deviates from the intended path as designed.
This concept is depicted in figure 5, where the intended path
corresponds to the sequence from s; to s, and continuing up to
s.. However, the actual path followed by the received symbols
deviates and is represented by the sequence $1, 2, up to §i.

ya

N\ v
T N
-~
o R ——

S; S,

Fig. 5 Error event considering length as |

If we consider all transmitted sequences and sum up the
probabilities of all error events over 1, 1=1...00, we can
calculate an upper bound, which can be expressed as follows

P < X2 ZSZZ§1¢51P(SZ)P2(Sl'§l) 8)

In the above equation, P(S;) signifies A Priori Probability of
transmitting symbol S;. P,(S;, $;) which can be substituted in
the equation at high SNRs using equation (6), and
consequently, the upper bound with regards to a Rician fading
channel can be expressed as:

(+K)e Kyl

2
P, < Zln Zdl%lﬂ a(ln, dp (ln)) (ﬁ)lnaf,(zn) ©

In equation (9), the value of a(l,,d3(l,)) represents the
average count of code sequences characterized by an effective
length In and a squared product distance denoted as d,z,ln. In
scenarios with high SNR, the error event is predominantly
influenced by minimum effective length, denoted as 1,, and
squared product distance dgl,. In order to simplify the
expression, we introduce L to represent minimum effective
length and d3l, to represent corresponding squared product
distance. This minimum effective length is regarded as the
code's effective length, enabling us to approximate the error
event probability as follows.

(+K)eKE
P RI0)

P, ~ a(L,d3(L)) (10)
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In respect of Rayleigh fading channel, where K is equal to
zero equation (10) can be further simplified as

P~ LAWY
© 7 Grglapw

(11)

And in respect of AWGN channel, by considering K = oo, we
can rewrite P. as below [6]

2
dfree
4Ny

where the value of dfee represents the code’s free Euclidean
distance.

P, = éN(dfree)erfc ( (12)

This study primarily focuses on analyzing the performance of
a TCM Scheme [7] in presence of Rician Fading Channel. The
analysis specifically considers equation (10) for various values
of Rician parameter K, recognizing that the cases where K is
zero or infinity represent special scenarios that warrant
additional examination. The TCM scheme employs
convolutional encoders [16] and in this study we have utilized
rate 5/6 convolutional encoders as part of its encoding process.
To evaluate the performance of the TCM scheme, a
comparison has been made with the uncoded 32 PSK scheme.
The decoding process utilizes the Viterbi Decoding algorithm
to recover the transmitted data. Figure 8 illustrates the
relationship between the Bit Error Rate (BER) and SNR for
Rate 5/6, 64-State, 64-QAM TCM code designed according to
the proposed rules. The figure also includes the BER versus
SNR curve for the uncoded 32-PSK scheme, allowing for a
direct comparison between the two.

6. RESULTS

The results obtained from the study have been shown in figure
6, which present compelling evidence supporting the efficacy
of the proposed coding scheme, Trellis Coded Modulation
(TCM), when compared to the conventional uncoded 32-PSK
scheme. The study reveals that TCM has led to significant
improvements, with the achieved gain surpassing 10 decibels
(dB). This substantial gain is indicative of the coding scheme's
effectiveness  in  enhancing  overall ~communication
performance. Specifically, the gain of more than 10 dB
highlights the considerable error correction capability
embedded in the TCM coding scheme. This capability is
crucial for rectifying errors that may arise during the
transmission of data. The study emphasizes that the enhanced
communication performance resulting from TCM's error
correction capability plays a pivotal role in mitigating the
adverse effects associated with fading channels and other
transmission impairments. In essence, the findings underscore
TCM as a promising solution for improving the reliability and
robustness of communication systems in the face of
challenging transmission conditions.
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Per‘gormanne of Rate 5 by 6 TCM Coding Scheme in Fading Environment
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Fig. 6 Bit Error Rate Vs SNR

7. DISCUSSIONS

The study aimed to compare the performance of two
communication schemes i.e. Trellis Coded Modulation (TCM)
and the conventional uncoded 32-PSK scheme. PSK is a
modulation technique where the phase of the carrier signal is
varied to represent different symbols. The study confirmed
that the proposed TCM scheme outperformed the conventional
uncoded 32-PSK scheme and demonstrated better results in
terms of certain metrics, such as reliability and efficiency,
compared to the traditional 32-PSK scheme. The study
quantified the performance improvement by measuring a gain
of over 10 decibels (dB) for the TCM scheme. This gain is a
numerical representation of the improvement in signal quality
or communication performance. A gain of 10 dB is considered
impressive and serves as a clear indicator of the substantial
improvement achieved by the TCM scheme.

The measured gain of over 10 dB serves as a clear indicator of
Trellis Coded Modulation's considerable potential to enhance
communication performance. This implies that TCM has the
capability to significantly improve the reliability and
efficiency of data transmission. The substantial gain observed
in the study underscores the efficacy of Trellis Coded
Modulation in enhancing the reliability and efficiency of data
transmission. This means that TCM can contribute to making
communication systems more robust and dependable. The
results of the study suggest that TCM can play a crucial role in
scenarios where robust and dependable communication is
required. This could include applications in
telecommunications, networking, or any other field where
effective data transmission is a necessity.

By surpassing the 10 dB threshold, Trellis Coded Modulation
not only outshines its uncoded counterpart but also
demonstrates its capacity to significantly improve data
transmission. This promises more dependable and efficient
communication in a variety of practical applications,
indicating the potential real-world impact of adopting TCM in
communication systems.
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8. CONCLUSION

In the context of fading channels, characterized by fluctuating
signal strength due to various factors, and situations where
bandwidth is limited, the Trellis Coded Modulation (TCM)
scheme emerges as a robust solution. Fading channels can lead
to the corruption of data, posing challenges to reliable
communication. However, TCM addresses this by efficiently
utilizing the available bandwidth, making it particularly
effective in mitigating the adverse effects of signal
fluctuations. The error-correcting capability intrinsic to the
TCM coding scheme holds significant implications across
various applications. In scenarios where real-time or time-
sensitive data transmission is crucial, such as in industrial
automation or remote healthcare, the ability of TCM to
provide error-free data becomes paramount. The enhanced
reliability of data transmission facilitated by TCM not only
ensures the integrity of information but also contributes to an
overall improvement in the performance of systems operating
in dynamic and challenging communication environments.

The findings of the study conclusively showcase the superior
performance of the proposed Trellis Coded Modulation (TCM)
scheme when compared to the conventional uncoded 32-PSK
scheme. The measured gain, surpassing an impressive 10
decibels (dB), serves as a clear indicator of TCM's
considerable potential to elevate communication performance.
This substantial gain underscores the efficacy of TCM in
enhancing the reliability and efficiency of data transmission.
The results imply that TCM can play a pivotal role in real-
world scenarios, where robust and dependable communication
is paramount [17]. By achieving the gain of approximately 10
dB, TCM demonstrates its capacity to significantly improve
data transmission, assuring more dependable and efficient
communication in real world applications.
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