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 Communication systems have recently focused on sending information 

efficiently and effectively from one sending point to another across  

a communication channel in the shortest amount of time. The main objective 

of this work is to compare the high-range coding scheme types, such as low 

density parity check (LDPC), turbo, and convolution, to see which works 

better and is more efficient. to establish a coding system with quadrature 

amplitude modulation (QAM) modulation and an additive white gaussian 

noise (AWGN) noisy channel to find which is more reliable and resilient for 

encoding and decoding. Because of this, digital media has to be sent over 

wireless channels and through satellites, requiring a connected network all 

the time, which has become a major concern over time. Furthermore, the 

high amount of data and efficiency are the focus points. After running the 

simulation, it was found that 64 QAM with a rate of 0.455 and an efficiency 

of 2.731 has a bit error rate (BER) of 0.001 and a 7.08 dB energy per bit 

Eb/No, and the 256 QAM simulation revealed that it has a BER of 0.001 and 

11.88 dB Eb/No with a rate of 0.736 and an efficiency of 5.891. Over the 

AWGN channel noise, the simulation built a standard orthogonal frequency 

division multiplexing (OFDM) system, which used MATLAB 
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1. INTRODUCTION  

The sending and receiving of information via a channel are referred to as "communication signals". 

Orthogonal frequency division multiplexing (OFDM) is made up of subchannels that are different from each 

other. In order to use the spectrum more efficiently, there isn't much space between subchannels. Both 

subcarriers and subchannels work in different ways. To get high spectral efficiency, there isn't much space 

between sub-channels. To use the spectrum more efficiently, there isn't much space between sub-channels. Both 

subcarriers and subchannels work in different ways. To get high spectral efficiency, there isn't much space 

between sub-channels. A whole bandwidth may be split up into multiple subchannels, increasing spectral 

efficiency. It will be the heart of a wireless communication system, and there is a need for multiple-input, 

multiple-output antennas to support high-speed communication systems. In order to use the spectrum, and with 

sperated subchannels. So, it is the ingredient design of the waveform, and it is the most popular multicarrier 

https://creativecommons.org/licenses/by-sa/4.0/
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modulation scheme that employs many standards. These strategies are used with the most recent broadcast and 

mobile communication platforms, such as the fifth-generation new radio (5G NR) simulations [1]–[3]. 

On the other hand, the use of convolution in 5G-NR can be translated into some specific 

applications where fast-convolution (FC)-based waveform generation and processing OFDM processing is 

the primary topic, with a concentration on the cyclic prefix (CP) on transmitter processing that is spectrally 

well-localized. Time-domain (TD) convolution can be accomplished in transform-based FC filtering 

solutions by element-wise multiplying (windowing) frequency-domain (FD) sequences. Since the FD 

window values may be used for estimating the subband frequency response, this method allows for unlimited 

subband bandwidths and center frequencies. In our previous endeavours, their ability to remove undesired 

spectral components from the signal [4]. By finding a coding scheme that has interleaves, called turbo code. 

to find the error correction decoding performance, such as packet codes and convolutional codes. Utilizing 

interleaving to identify a sequence with minimal correlation as the coding output. The decoder employs an 

iterative decoding approach by exchanging soft information among the component decoders. The initial 

coding form of the Turbo code encoder is parallel concatenated convolution codes (PCCC) [5]. 
In a communication system, when data is transmitted from the source to the destination, many 

things can get in the way and cause errors in the signal that is received. So, fixing the errors is needed to get 

back to the original message. Robert Gallagher came up with "Low Density Parity Check Codes" in 1963.  

He looked at the codes and showed that low density parity check (LDPC) codes can almost reach Shannon 

capacity on additive white gaussian noise (AWGN) and binary erasure channels. Using error-correcting 

codes and smart math techniques, transmission errors can be fixed. The name for this is channel coding. 

Source coding is a way to use codes to reduce the number of bits needed to represent the original data. 
LDPC code is used in the plan to minimize the bit error rate (BER). The code to fix mistakes was 

simple, but not too simple. Concatenated binary LDPC codes have been added to the LDPC codes, which use 

irregular codes with different parameters that can work together in parallel or serially, with or without 

interleaves. Since it is more efficient to use irregular LDPC codes than regular ones, there was no error floor. 

So, the project's throughput was better because of this. On the other hand, the proposed method runs the 

simulation in the LDPC decoder up to 25 times, which makes it unsuitable for larger message bits [6]. 

Researchers assume that every row in the parity check matrix is linearly independent for standard 

LDPC coding. A (n,k)-bit blockcode remove the mistake from k information bits by providing n code bits. 

The blockcode is encoded as (n,k,d) with a minimum hamming distance of d. In the 5G simulation, it is 

unable to fix the same subcarrier N and fourier transformation (FFT) size for both coded and uncoded 

OFDM. The number of input signals mostly determines the values of subcarrier N and FFT size for the 

OFDM 5G simulation that does not use coding techniques [7]. 

By inspecting the output BER in an orthogonal frequency division multiplexing-based wireless 

communication system with quadrature amplitude modulation (QAM) modulation, and use a concatenated 

channel coding scheme with a LDPC. Convolutional codes are very effective for identifying and retrieving a 

digital image in a noisy and fading environment. Every QAM symbol has a set location in the constellation 

plane under QAM static mapping. to show how the QAM symbol's location will change randomly, allowing 

it to be mapped anywhere in the constellation plane [8]. 
In terms of performance, one of the studies compared Turbo and LDPC codes, as well as an LDPC 

that has a lower complexity with the same input length (a. d. R.=1/2). The result shows that at the code 

lengths studied, LDPC codes were much simpler than Turbo codes [9]. The sequential code is a coding 

technique that uses a number of different codes to achieve a large coding gain with less complexity [10]. 

OFDM is now often used in wireless communications to stop multipath fading and get high data rates. Using 

this multi-carrier modulation system, data is sent by splitting a single wideband stream into many 

narrowband bit streams that run together [11]. Employ three coding techniques (LDPC, turbo, and 

convolution) with OFDM. So, the BER analysis is the channel's esteemed performance. The main finding of 

this work is that by using the standard noisy channel AWGN, we can determine the effect of noise on the 

sending and receiving data, set the lowest bit error rate, and compare the three types of systems. 
 

 

2. BACKGROUND 

OFDM systems are quite efficient, but the inclusion of a CP and excessive out-of-band emission 

brought on by rectangular filtering induce a decline in their spectral efficiency. The OFDM is found to solve 

one of the main issues in cellular network uplink synchronization [12]. The prime objective of adding the CP 

to the data is to preserve or protect the input symbol's orthogonality. Within a certain time, frame from the 

phenomenon of noise by implementing OFDM system performance using different lengths of CP. More than 

1/4 of the CP is preferred. The larger the CP, the better the BER values [13], [14]. 
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The CP was used instead of the ISI as the generations changed. The CP is added after modulation by 

taking the last block of the modulated inverse fourie transformation (IFFT) signal and adding it to the 

beginning as a guard interval to protect against ISI. The 4G long-term evolution (LTE) system's CP is hard-

coded into the waveform, in contrast to 5G NR Release 15, where the waveform determines the CP [15]. 

Also, the most effective way to handle a process of big data value is by focusing on using OFDM. 

Using the BPSK modulation and processing serial in parallel to reduce the BER. Findings indicate that the 

design yields the best wavelet coefficient and the smallest average of the transmission. In LTE to have range 

flexibility and empower cost-effective responses for the wide carriers [16]. 

To make a clear picture of all channels and coding schemes used in high or low coding rates with 

the 4G and beyond, when it comes to block length and coding rate, it performs better when the coding rate is 

low and the message length is large. Other studies show that the NB-LDPC codes operate more efficiently 

and make greater use of the wavelength. The interleaver scrambled with the bit order of the coded blocks and 

outputs. Interleavers are used to break up encoded bit sequences, and error control technology has been used 

to remove random errors [17], [18]. According to them, the best error-correcting codes for the 5G enhanced 

mobile broadband (eMBB) scenario are polar codes and LDPC codes, and the best solution to the hardware 

performance issue at both decoders is to use a single process. Both of these sorts of codes are decoded using 

belief propagation (BP) methods. With only one decoder, both sorts of codes may now be decoded [19]. Part 

of the reason why LTE Turbo codes and binary LDPC codes don't work as well as they could in the short 

message length regime is that the iterative decoding method isn't the best [20], [21]. 

The belief propagation (BP) method is known for its effectiveness when it works to fix mistakes. 

But a lot of multiplication was needed to change the variable numbers. Which makes it hard for hardware to 

do what it needs to do. the hard decision, which came from the method of bit flipping (BF). This method is 

not very hard to understand, but its performance is getting worse and worse. Several variations of these 

characteristics have been suggested in the sources as ways to make them better [22]. 

While this study shows the encoding techniques for LDPC and also for the turbo code. Where 

LDPC codes are based on the generator matrix value of the original code word to be identified. The hard-

decision decoding algorithm is used in LDPC decoding. And they found that Turbo code is faster in both 

incoding and decoding. While LTE is completely based on turbocode, which is based on MIMO [23], [24]. 

The telecom network utilizes new technologies to spread and progress them as more people have 

access to new mobile technologies. The third generation partnership project (3GPP) has thus standardized 

long term evolution advanced (LTE-A) [25], improving the performance objectives outlined in the previous 

standard. LTE-A sets a performance goal of 1 GB/s transmission rate in the downlink. 5G LDPC codes are 

designed to have high throughput, variable code rate and duration, and hybrid automated repetition requests. 

They also have strong error-correcting capabilities [26]. The 3GPP assessment summary is available. In 5G 

cellular communications, LDPC coding has been employed for user data, which focuses on low latency [27]. 

OFDM in practical use (DFT) is applied to put the linear combination of the orthogonal sinusoids of 

the DFT forms into an orthogonal set basis. The transform simply establishes a relationship between the input 

signal and the sinusoidal base as well as each of the sinusoidal basis functions. If the insertion signal has 

energy at the appropriate frequency, the correlation will peak there. An input signal is converted into a 

collection of orthogonal subcarriers using the DFT. The DFT of the orthogonal basis functions, or the OFDM 

transmitter, is subjected to this conversion. 

 

 

3. METHOD  

It is challenging to decrease bit error rates in non-linear code, for example, in order to improve 

efficiency. This approach aims to decrease noise while enhancing performance. To get back the data that was 

sent at the receiver, you need to know how the encoder and decoder are set up and the channel state 

information (CSI) of the OFDM. The primary goal is to use an LDPC code to determine the BER 

performance of OFDM modulation in the AWGN channel. A comparison was conducted to investigate the 

observed low BER between LDPC code, convolutional code, and turbo code. It will be capable of identifying 

better code rates like LDPC, turbo, and convolutional to achieve higher efficiency and a reduced rate of bit 

errors by using MATLAB simulation with less overhead. 

The following strategy was used in this study to fix the issue: 

− Use a LDPC code to analyze the impact of OFDM modulation on the BER in the AWGN channel. 

− To determine the impact of coding on the BER level, compare the LDPC code with the convolutional 

code, turbo code, and other codes with the objective of achieving the lowest BER. 

− Establish a coding system that is strong, stable, and has the lowest BER when compared to current 

OFDM systems. Such a technology needs to maximize channel capacity and allow for more effective 

communication. 
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The work being presented uses 3GPP TS 38.214 and takes into consideration the usage of current 

OFDM with 5G networks. The currently used system employs LDPC, turbo, and convolution with OFDM as 

basic channel codes. If Turbo and convolution codes were supported by 5G wireless communication, they 

would be backwards compatible with 3G and 4G, saving money for the cellular communications industry. 

They may upgrade components to suit new generations rather than replace them.  

The primary contribution of this paper is the analysis of three the coding techniques (LDPC, turbo, 

and convolution) employed, with the most effective method used in the new 5G being OFDM, and the BER 

is the analysis of channel performance. LDPC schemes use the bit-filping algorithm for hard decisions and 

the sum product algorithm for soft decisions. Turbo code using interleaving and the Pseudo random method, 

and the last one is the simplest algorithm that uses the vetirbi algorithm, which is effective for small amounts 

of bits. Establishing a reliable channel that impacts the least amount of AWGN introduces x as input and n as 

noise that is present in the actual modulation. With QAM modulation that has the benefit of having better 

anti-noise and using the hole bandwidth. The coding method that provides the lowest BER will be used to 

determine the predicted channel [28]. 

 

3.1.  OFDM usage in 5G 

OFDM is the most efficient communication technology due to its superior capability in reducing 

multipath fading and managing multiuser access. Wireless network applications, circumstances, and 

shortcomings for 5G and future generations include a diverse set of novel and atypical requirements. The 

rapid proliferation of new devices, applications, and services such as massive machine-type communications 

(MMTC), eMBB, and ultra-reliable low-latency communications (URLLC) makes it challenging for a single 

radio technology to cater to all their needs simultaneously upon release. A flexible frame structure that is 

multi-numerological and utilizes OFDM. It proposes parameterizations as a possible solution to this problem. 

This kind of modulation is anticipated to greatly influence the suitability of the OFDM waveform for meeting 

the diverse requirements of 5G services [29]. 

 

3.2.  Additive white gaussian noise channel and its effects 

It's possible to think of adding white noise or wideband that has a known spectral density and 

amplitude following a gaussian distribution as an AWGN channel model. With x being the input and y being 

the output signals, respectively, and n being the additive white gaussian noise, the equation Y=x+n can be 

used to describe any wireless system that works in an AWGN channel. In this case, the AWGN channel 

model is problematic because it doesn't take into account fading, frequency sensitivity, or dispersion. 

Additional noise, radiation from hot objects (black observation), temperature vibrations of ions in antennas, 

and other natural events are some of the things that can cause gaussian noise. One thing that might be very 

helpful for many satellites and deep space communication lines is to use this channel as a model. It's possible 

for factors like received signal strength and noise power to alter channel capacity. 

Coding is the process of embedding signal constellation points in a higher-dimensional signaling 

space than what is required for communications. If a channel uses gaussian noise and adds noise, the 

equation can be used to figure out the channel's capacity. When noise is present in the actual modulation, 

noise causes changes in the phase and amplitude of the modulated OFDM signal when there is AWGN noise (n), 

which takes into consideration the distorted signal. This is how it is technically executed. Coding is present to 

reduce the error rate by finding the distance between points, which can be extended by moving to a higher-

dimensional space, which improves error correction and detection, as discussed in [30]. 

 

3.3.  Quadrature amplitude modulation 

When integrating coding schemes with QAM modulation, the goal is often to enhance the 

robustness of the communication system, especially in the presence of noise. In the encoding data, the coding 

schemes add redundancy to the transmitted data, which can help in error detection and correction, and the 

digital data to be transmitted is first encoded using error-correcting codes. Common error-correcting codes 

include LDPC codes, convolutional codes, and turbo codes. Then symbol mapping encoded data is then 

mapped to QAM symbols. The number of bits represented by each QAM symbol depends on the modulation 

order. In our work, it is 64 and 256 QAM. Higher modulation orders allow for more bits to be transmitted per 

symbol, increasing the data rate but also making the system have more errors. The QAM modulator translates 

the mapped symbols into analog signals with both amplitude and phase components. The modulated signal is 

then transmitted through the communication channel. At the receiver, the received signal is demodulated to 

obtain the QAM symbols. Due to noise, errors may occur during transmission. The error-correcting codes are 

employed to detect and correct errors introduced during transmission. The level of error correction depends 

on the design and capability of the coding scheme [31]. 
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4. RESULTS AND DISCUSSION  

There is a convolutional code in Figure 1 regarded as the interleaving-free. which is a simpler 

version of the Turbo code. To achieve the same result, both a QAM modulator and a soft decision decoder 

will be used. The process flow diagram for the Turbo code is shown in Figure 2, which illustrates how the 

input bits pass across the noise channel from the input to the Turbo encoding using the OFDM system, where 

the QAM modulation is used. The procedure then switches to the output from the input to determine how the 

system is doing and how often errors are occurring. 
 
 

 
 

Figure 1. Convolution flow chart 
 

 

 
 

Figure 2. Turbo flow chart 
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Figure 3 illustrates the procedures required for running the LDPC code with OFDM over AWGN to 

count bit error rates. Random bit generation and transmission to the LDPC encoder, followed by OFDM 

modulation, is how bits are produced. The procedure will then proceed over the AWGN channel. The LDPC 

decoder will be installed to test how the system will perform with various QAM modulation sizes. 
 

 

 
 

Figure 3. LDPC flow chart 
 

 

4.1.  Comparison of OFDM coding for encoder and decoder using 64 QAM 

A 64 QAM modulation simulation is used to look into how LDPC, turbo, and convolution codes act 

in an OFDM system over an AWGN channel. The result of convolution reached a 0.390-bit error rate of 9.94 

energy per bit Eb/No. Also, the a-bit error rate of Turbo code is 0.054 at a 9.92 Eb/No ratio. While the LDPC 

has a lower BER of 0.001 with rates of 0.455 at 7.08 Eb/No. The designed LDPC has a reduced BER at the 

lowest Eb/No compared to other codes, as seen in Figure 4. 
 

 

 
 

Figure 4. Comparing three types of coding with 64 QAM modulation over an AWGN channel with LDPC 

rate of 0.455 
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4.2.  Comparison of OFDM coding for the encoder and decoder using 256 QAM 

The 256 QAM modulation simulation looks at how convolutional, turbo, and LDPC codes work in 

an OFDM system with an AWGN channel. The convolution result comes with a 0.054 at a 17.95 Eb/No bit 

error rate. Where Turbo code has a 17.50 Eb/No BER of 0.001. and the LDPC of 0.001 has a lower BER at 

11.88 Eb/No, with rates of 0.763. Configuring LDPC is straightforward and results in a reduced BER at the 

minimal Eb/No compared to other codes, as seen in Figure 5. 

In the graphs of QAM above, the modulation looks like it is becoming more stable in the used 

system. When 5G QAM is used to allow more data, a system's performance improves alongside an increase 

in subcarriers (64 and 256). It is clear that 5G technology needs a lot of bits to be sent in order to provide a 

fast data rate, which is a significant benefit when using 5G. The throw-put increases as the modulation order 

increases. Increased noise resilience is the price. Compared to other modulation methods, it offers higher 

spectrum efficiency, which is why it is used. The BER of LDPC, turbo, and convolution codes for 64 QAM 

at 7 Eb/No is 0.001, 0.128, and 0.484, respectively, in that order. It has an 11.90 Eb/No at LDPC, turbo, and 

convolution, 0.001, 0.187, and 0.481 BER, respectively, in that order. A lot of individuals claim that the point 

of using QAM in 5G is to send more data bits more quickly so that the system works better. Table 1 shows 

more data that supports the results that were found. 

 

 

 
 

Figure 5. Comparison between three types of coding using 256 QAM modulation over an AWGN channel 

with LDPC rate of 0.736 
 

 

Table 1. Comparison of the three coding techniques using QAM modulations 

Code type 
Eb/No BER Eb/No BER Eb/No BER 

Modulation type 
LDPC Turbo Convolution 

Code rate 466/1024 1/3 1/3 64 

1 4 0.140 4 0.183 4 0.498 

2 5 0.116 5 0.172 5 0.496 
3 6 0.082 6 0.161 6 0.494 

4 7 0.001 7 0.128 7 0.484 

 
Code rate 754/1024 2/3 2/3 256 

1 6 0.133 6 0.344 6 0.494 

2 8 0.109 8 0.311 8 0.498 
3 10 0.080 10 0.272 10 0.499 

4 11.90 0.001 11.90 0.187 11.90 0.481 

 

 

Figures 6 to 9 describe how the LDPC, convolutional, and turbo are compared in terms of BER 

performance over an AWGN channel that is used with an OFDM setup. The low error rate (0.001) for each 

code rate is at a different Eb/No (dB). The amount of rate over the compared coding scheme types in each 

figure shows that LDPC is more efficient than turbo and convolutional and has the lowest BER. 
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Figure 6. Comparison of three coding schemes using 256 QAM modulation over an AWGN channel using 

multiple LDPC rates 

 

 

 

 

Figure 7. Comparison of three coding schemes using 256 QAM modulation over an AWGN channel using 

multiple LDPC rates 

 

 

 

 

Figure 8. Comparison of three coding schemes using 256 QAM modulation over an AWGN channel using 

multiple LDPC rates 
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Figure 9. Comparison of three coding schemes using 256 QAM modulation over an AWGN channel using 

multiple LDPC rates 

 

 

After indicating figures and seeing that LDPC's efficiency is better than turbo and convolutional 

codes. Which have a minimum BER, the values have to be discussed as results. See Table 2 for more details. 

Figures 10 to 12 show an OFDM system over an AWGN channel compared to LDPC code, convolutional 

code, and turbo code. The pictures show which system has a low BER and better performance. Table 3 also 

shows the LDPC for each code rate that has a low error rate of 0.001 at different Eb/No (dB) values in more 

detail. LDPC is more efficient than turbo and convolutional codes and achieves a lower BER. 

 

 

Table 2. Comparison of three types of coding 

 
Eb/No BER Eb/No BER Eb/No BER Modulation type 

LDPC Turbo Convolution 

LDPC Code Rate Code rate/1024 2/3 2/3  

711 10.4 0.001 10.4 0.173 10.4 0.482 

256 QAM 
797 12.3 0.001 12.3 0.171 12.3 0.468 

885 14.4 0.001 14.4 0.084 14.4 0.369 

948 16.3 0.001 16.3 0.042 16.3 0.175 

 

 

 
 

Figure 10. Comparison of three types of coding with 64 QAM modulation over an AWGN channel with 

LDPC different rates 
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Figure 11. Comparison of three types of coding with 64 QAM modulation over an AWGN channel with 

LDPC different rates 

 

 

 
 

Figure 12. Comparison of three types of coding with 64 QAM modulation over an AWGN channel with 

LDPC different rates 

 

 

Table 3. Three coding types comparison 

 
Eb/No BER Eb/No BER Eb/No BER Modulation type 

LDPC Turbo Convolution 

LDPC Code Rate Code rate/1024 1, 2 and 3 1, 2 and 3  

438 6.46 0.002 6.46 0.125 6.46 0.492 

64 QAM 517 7.90 0.001 7.90 0.181 7.90 0.446 
567 8.85 0.001 8.85 0.046 8.85 0.424 

 

 

4.3.  Comparison between the simulated coding techniques 

Three distinct modulations and approaches are used to discuss the connection between BER and 

Eb/No by generating scatter plots from Excel data. Figures 13 and 14 illustrate this correlation. By randomly 

choosing variables from a comparable segment of a MATLAB simulation. To determine how using various 

modulation orders will affect the BER over the AWGN channel, detailed in Table 4. The three simulated 

coding schemes are compared using average BER, by taking various samples, as shown in Figures 15 and 16. 

The average BER was found to be the lowest when comparing all three coding schemes, as seen in 

the figures. LDPC is the most efficient encoding and decoding technology when compared to Turbo and 

convolution codes. Figures 17 to 19 present a comparison of BER at 64 and 256 QAM modulations. The 

comparison shows distinct behavior for LDPC compared to Turbo and convolution coding, as the BER for 
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LDPC stays almost the same for 64 QAM and 256 QAM. The BER for LDPC increases with bit density at 

lower densities. This behavior is different from Turbo and convolution. In addition, channel characteristics 

affect the BER values as a result of interaction with the transmitted data during the coding process. Thus, 

using the same channel parameters for both low and high densities would result in a somewhat different BER 

response. By taking the ratio of the average LDPC values upon Turbo and LDPC upon convolution that were 

chosen at random, the LDPC ratio to Turbo code present that the BER of LDPC is about 0.71 in the highest 

range and about 0.39 in the lowest range, which is 0.30 less than Turbo code. 

 

 

 
 

Figure 13. Comparison of scattered results of three types of coding with 64 QAM modulation 

 

 

 
 

Figure 14. Comparison of scattered results of three types of coding with 64 QAM modulation 

 

 

Table 4. Parameters for the three coding techniques using QAM modulations 
 Convolutional Turbo LDPC 

Code rate 1,2/3 1,2/3 466,754/1024 

Generation Up to 4G Up to 4G Up to 5G 

Modulation 64 and 256 QAM 64 and 256 QAM 64 and 256 QAM 
Convolutional code 

Key parameter 
Trellis structure 

constraint length Generators (Octal) Type 
Matdeintrlv 7 [171 133] Poly2trellis 

Modulation QAM Eb/No 7.0 BER 0.484 

Turbo code 
 

Key parameter 

Trellis structure  

Rate Connection type Iterations 

Pseudo-random interleaver 1/3 Parallel 5 iterations 
Modulation QAM Eb/No 7.0 BER 0.128 

LDPC code 

 
Key parameter 

Trellis structure  
Rate Break type No of transmitted bits 

Pseudo-random interleaver 745/1,024 
Tinner graph for (SPA) 

 
42,000 

Modulation QAM Eb/No 11.90 BER 0.001 
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Figure 15. Comparison of three types of coding with 64 QAM modulation 

 

 

 
 

Figure 16. Comparison of three types of coding with 256 QAM modulation 

 

 

 
 

Figure 17. High density LDPC values with QAM modulation 

 

 

 
 

Figure 18. High-density turbo values with QAM modulation 
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Figure 19. High-density convolution values with QAM modulation 
 

 

The correlation between LDPC and Turbo coding (α), is given by (1): 

 

𝐵𝐸𝑅(𝐿𝐷𝑃𝐶) =  𝛼𝐵𝐸𝑅(𝑇𝑢𝑟𝑏𝑜) (1) 

 
Where 0.39 ≤∝ ≤ 0.71 

 

the BER of the LDPC is around 0.26 in the maximum range and about 0.15 in the lowest range. according to 

the ratios of LDPC and convolution, which is 0.11 off from the convolution code. The correlation between 

LDPC and convolution codes (β), is given by (2). 

 

𝐵𝐸𝑅(𝐿𝐷𝑃𝐶) =  𝛽𝐵𝐸𝑅(𝐶𝑜𝑛𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛) (2) 

 

Where 0.15 ≤ 𝛽 ≤ 0.26 

According to Shannon's second theorem (noisy channel coding), which gives the minimum value to 

get an infinitely low BER. The three coding types that were used to reduce BER and study the effect of noise 

on the signal, as this is a simulation, need to be validated using actual communication and electrical tools. 

This study suggests that it is acceptable to use this code to obtain a better BER using simulation, which is a 

popular strategy.  

 

 

5. CONCLUSION 
The results of the reorganization and simulation showed that an OFDM system that uses LDPC 

encoding and decoding may have a lower BER than an AWGN channel. In these tests, different rates for 

3GPP TS 32.214 LDPC least-significant codes are used in different region types to see how well they meet 

the needs of the 5G project simulation. The rates differed from those used over an AWGN channel and were 

evaluated against other encoding techniques (Turbo, convolution) in limited settings. These rates were used 

for LDPC least-significant codes across different region types by measuring BER performance over 5G 

specifications using MATLAB. The main findings are described: after many tests at different rates, new 

results were obtained using LDPC coding, which may become an official reading in the future. Firstly, the 

simulated results demonstrated higher efficiency with a reduced BER. Therefore, it offers superior 

performance in comparison to turbo and convolution codes. LDPC demonstrated superior performance 

compared to other modulation levels and rates in the simulated outcomes. Secondly, code compilation and 

adjustments for LDPC, turbo, and convolution were necessary to achieve this. Two equivalent equations 

were also found for the scenarios described in the study. The equations demonstrate the relationship between 

LDPC, turbo, and convolution by displaying a variety of values. In this work, the main contribution is that it 

simulates different types of coding using MATLAB code. The target is to get a full idea of how well each 

encoding method works and how well it can be used in 5G networks. In future work, the results will be used 

as guides for reliable coding and classification, especially since they are different from the rates in the 3GPP 

tables. In recent years, LDPC has become more useful because it works well on high-speed networks. This 

makes it a good candidate for the fifth generation. In the future, the same methods of LDPC QAM 

modulation of 512, 1024, or 2048 bits will be used to look at the error rates of coded OFDM in 5G networks. 

They can be compared with polar codes and different types of noise distributions. 



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

 Comparative analysis of coding schemes for effective wireless communication (Mohammed A. Aljubouri) 

939 

REFERENCES 
[1] A. S. Mubarak, A. Amrallah, H. S. Hussein, and E. M. Mohamed, “Low density parity check (LDPC) coded MIMO-constant 

envelop modulation system with if sampled 1-bit ADC,” in Proceedings of the 2016 4th International Japan-Egypt Conference on 

Electronic, Communication and Computers, JEC-ECC 2016, IEEE, May 2016, pp. 1–4. doi: 10.1109/JEC-ECC.2016.7518954. 

[2] M. Y. Alias, F. Guo, S. X. Ng, T. H. Liew, and L. Hanzo, “LDPC and turbo coding assisted space-time block coded OFDM,” in 
IEEE Vehicular Technology Conference, IEEE, 2003, pp. 2309–2313. doi: 10.1109/vetecs.2003.1208801. 

[3] M. Pons, E. Valenzuela, B. Rodríguez, J. Nolazco-Flores, C. Del-Valle-Soto “Utilization of 5G technologies in IoT 

applications:current limitations by interference and network optimization difficulties—a review,” sensors, vol. 23, pp. 1–41, 2023, 
doi: 10.3390/s23083876. 

[4] J. Yli-Kaakinen, T. Levanen, A. Palin, M. Renfors, and M. Valkama, “Generalized fast-convolution-based filtered-ofdm: 

techniques and application to 5G new radio,” IEEE Transactions on Signal Processing, vol. 68, pp. 1213–1228, 2020, doi: 
10.1109/TSP.2020.2971949. 

[5] Y. Yang and Y. Li, “Research and implementation of turbo coding technology in high-speed underwater acoustic OFDM 

communication,” Journal of Robotics, vol. 2022, pp. 1–11, Mar. 2022, doi: 10.1155/2022/2576303. 
[6] H. Kim and J. Kim, “Further results on performance of LDPC coded IM-OFDM-QOS system,” Journal of Broadcast 

Engineering, vol. 24, no. 7, pp. 1221–1227, 2019, doi: 10.5909/JBE.2019.24.7.1221. 

[7] S. H. Myint and T. Sato, “Analysis of channel coding methods in multipath OFDM 5G,” in International Symposium on Wireless 
Personal Multimedia Communications, WPMC, IEEE, Nov. 2018, pp. 534–538. doi: 10.1109/WPMC.2018.8713083. 

[8] S. Al Muaini, A. Al-Dweik, and M. Al-Qutayri, “BER performance of LDPC-coded nonlinear OFDM systems,” in 2013 1st 

International Conference on Communications, Signal Processing and Their Applications, ICCSPA 2013, IEEE, Feb. 2013,  
pp. 1–5. doi: 10.1109/ICCSPA.2013.6487250. 

[9] S. U. Rahman, A. Sultan, R. Alroobaea, M. Talha, S. B. Hussain, and M. A. Raza, “Secure OFDM-based NOMA for machine-to-
machine communication,” Wireless Communications and Mobile Computing, vol. 2021, pp. 1–8, May 2021, doi: 

10.1155/2021/6615767. 

[10] S. K. Rony, F. A. Mou, and M. Rahman, “Performance analysis of OFDM signal using BPSK and QPSK modulation techniques,” 
American Journal of Engineering Research (AJER), no. 6, pp. 108–117, 2017. 

[11] I. Kaur and Y. K. Mathur, “Improving BER using turbo codes in OFDM systems,” International Journal of Scientific & 

Engineering Research, vol. 3, no. 7, pp. 1–5, 2012. 
[12] P. Banelli, S. Buzzi, G. Colavolpe, A. Modenini, F. Rusek, and A. Ugolini, “Modulation formats and waveforms for 5G networks: 

who will be the heir of OFDM?: an overview of alternative modulation schemes for improved spectral efficiency,” IEEE Signal 

Processing Magazine, vol. 31, no. 6, pp. 80–93, Nov. 2014, doi: 10.1109/MSP.2014.2337391. 
[13] N. Kumar, P. K. Singya, and V. Bhatia, “Performance analysis of orthogonal frequency division multiplexing-based cooperative 

amplify-and-forward networks with non-linear power amplifier over independently but not necessarily identically distributed 

Nakagami-m fading channels,” IET Communications, vol. 11, no. 7, pp. 1008–1020, May 2017, doi: 10.1049/iet-com.2016.0797. 
[14] M. Firdaus and Y. Moegiharto, “Performance of OFDM system against different cyclic prefix lengths on multipath fading 

channels,” Jun. 2022, [Online]. Available: http://arxiv.org/abs/2207.13045 

[15] M. F. Raji et al., “A new approach for enhancing the services of the 5G mobile network and IoT-related communication devices 
using wavelet-OFDM and its applications in healthcare,” Scientific Programming, vol. 2020, pp. 1–13, Oct. 2020, doi: 

10.1155/2020/3204695. 

[16] B. Domathoti, C. Ch, S. Madala, A. A. Berhanu, and Y. N. Rao, “Simulation analysis of 4G/5G OFDM systems by optimal 
wavelets with BPSK modulator,” Journal of Sensors, vol. 2022, pp. 1–13, Sep. 2022, doi: 10.1155/2022/8070428. 

[17] W. K. Abdulwahab and A. A. Kadhim, “Comparative study of channel coding schemes for 5G,” in 2018 International Conference 

on Advanced Science and Engineering (ICOASE), IEEE, Oct. 2018, pp. 239–243. doi: 10.1109/ICOASE.2018.8548806. 
[18] K. Huo, Z. Hu, and D. Liu, “Design and implementation of shared memory for turbo and LDPC code interleaver,” Wireless 

Communications and Mobile Computing, vol. 2022, pp. 1–9, Feb. 2022, doi: 10.1155/2022/5782199. 

[19] N. Yang et al., “Reconfigurable decoder for LDPC and polar codes,” in Proceedings - IEEE International Symposium on Circuits 
and Systems, IEEE, May 2018, pp. 1–5. doi: 10.1109/ISCAS.2018.8351337. 

[20] “ML simulation results - RPTU Rheinland-Pfälzische Technische Universität Kaiserslautern-Landau.” https://rptu.de/channel-

codes/ml-simulation-results (accessed Jan. 27, 2024). 
[21] S. Scholl, F. Kienle, M. Helmling, and S. Ruzika, “ML vs. BP decoding of binary and non-binary LDPC codes,” in International 

Symposium on Turbo Codes and Iterative Information Processing, ISTC, IEEE, Aug. 2012, pp. 71–75. doi: 

10.1109/ISTC.2012.6325201. 
[22] C. Aqil, I. Akharraz, and A. Ahaitouf, “A new reliability ratio weighted bit flipping algorithm for decoding LDPC codes,” 

Wireless Communications and Mobile Computing, vol. 2021, pp. 1–11, May 2021, doi: 10.1155/2021/6698602. 

[23] M. N. G. Rani, D. G. S. Sadasivam, and R. M. Suresh, “Comparative analysis of turbo and LDPC codes for reduced storage and 
retrieval of data,” WSEAS TRANSACTIONS on COMPUTERS, vol. 14, pp. 142–151, 2015. 

[24] I. F. Akyildiz, D. M. Gutierrez-Estevez, and E. C. Reyes, “The evolution to 4G cellular systems: LTE-advanced,” Physical 

Communication, vol. 3, no. 4, pp. 217–244, Dec. 2010, doi: 10.1016/j.phycom.2010.08.001. 
[25] M. Asif et al., “Reduced-complexity LDPC decoding for next-generation IoT networks,” Wireless Communications and Mobile 

Computing, vol. 2021, pp. 1–10, Sep. 2021, doi: 10.1155/2021/2029560. 

[26] J. H. Bae, A. Abotabl, H. P. Lin, K. B. Song, and J. Lee, “An overview of channel coding for 5G NR cellular communications,” 
APSIPA Transactions on Signal and Information Processing, vol. 8, no. 1, 2019, doi: 10.1017/ATSIP.2019.10. 

[27] Tsgr, “Directory listing /ftp/Specs/archive/38_series/38.214/,” Physical layer procedures for data , no. 15. Ts 138.214, pp. 0–103, 

2020. Accessed: Jan. 28, 2024. [Online]. Available: https://www.3gpp.org/ftp/Specs/archive/38_series/38.214/ 
[28] G. Shao, W. Q. Wu, L. Yin, C. Y. Ding, and X. Y. Zhang, “Spatial-frequency estimation for OFDM system with coprime array,” 

Wireless Communications and Mobile Computing, vol. 2021, pp. 1–9, May 2021, doi: 10.1155/2021/9998342. 

[29] A. M. Jaradat, J. M. Hamamreh, and H. Arslan, “Modulation options for OFDM-based waveforms: classification, comparison, 
and future directions,” IEEE Access, vol. 7, pp. 17263–17278, 2019, doi: 10.1109/ACCESS.2019.2895958. 

[30] A. Goldsmith, “Coding for wireless channels,” in Wireless Communications, Cambridge University Press, 2013, pp. 228–282. 

doi: 10.1017/cbo9780511841224.009. 
[31] B. Zhang, Y. Qu, and M. Chen, “Simulation and performance study of quadrature amplitude modulation and demodulation 

system,” IOP Conference Series: Materials Science and Engineering, vol. 782, no. 4, p. 042048, Mar. 2020, doi: 10.1088/1757-

899X/782/4/042048. 

 



                ISSN: 2502-4752 

Indonesian J Elec Eng & Comp Sci, Vol. 34, No. 2, May 2024: 926-940 

940 

BIOGRAPHIES OF AUTHORS  

 

 

Mohammed A. Aljubouri     received his B.S. from Al-Esraa University College, 

Department of Computer Engineering and Computer Network Communication, Baghdad, Iraq, 

in 2016. He pursued an M.Sc. degree in Communications Engineering at Al-Ahliyya Amman 

University under the supervision of Prof. Mahmoud Iskandarani. His main research interests 

include wireless communication systems and computer networks. He can be contacted at 

email: moha.jubury@gmail.com. 

  

 

Mahmoud Z. Iskandarani     received his B.Eng. (Hons) in Engineering Electronics 

in 1990 from the University of Warwick, UK. He obtained his M.Sc. in Engineering Electronics 

(Analogue Neural Processor) in 1992 from the University of Warwick, UK. After that he carried 

out research at the Advanced Technology Center-University of Warwick, in smart classification 

techniques used in non-destructive testing of composite structures, employing thermal imaging, 

ultrasonic, and other sensing devices together with neural networks leading him to receive his 

Ph.D. in Engineering in 1996. He is currently a full professor at Al-Ahliyya Amman University, 

Amman, Jordan, lecturing postgraduates in Intelligent Transportation Systems at the Faculty of 

Engineering and carrying out research in sensors, VANETs communication, and intelligent 

algorithms applied to transportation. Prof. Iskandarani leads two research groups at the Faculty of 

Engineering: Engineering Research Group for Intelligent Transportation Systems (EITSRG) and 

the Electronic Sensors Research Group (ESRG). His main interests are sensors and their 

application in e-nose, and intelligent transportation systems with particular interest in neural 

networks. Prof. Iskandarani authored over 60 peer refereed papers. He is a member of the IEEE, 

ITSS, and VTS. He can be contacted at email: m.iskandarani@ammanu.edu.jo. 
 

mailto:moha.jubury@gmail.com
mailto:m.iskandarani@ammanu.edu.jo
https://orcid.org/0009-0002-8532-8066
https://orcid.org/0000-0002-9332-1473

