
International Journal of Informatics and Communication Technology (IJ-ICT) 

Vol. 14, No. 2, August 2025, pp. 636~644 

ISSN: 2252-8776, DOI: 10.11591/ijict.v14i2.pp636-644      636  

 

Journal homepage: http://ijict.iaescore.com 

Performance analysis of LDPC codes in MIMO-OFDM for next 

generation wireless systems 
 

 

P. Aruna Kumari1, Srinu Pyla1, U. N. V. P. Rajendranath1, Nirujogi Venkata Maheswara Rao2 

1Department of Electronics and Communication Engineering, Gayatri Vidya Parishad College of Engineering (Autonomous), 
Visakhapatnam, India 

2Department of Electronics and Communication Engineering, Gayatri Vidya Parishad College of Engineering for Women 

(Autonomous), Visakhapatnam, India 

 

 

Article Info  ABSTRACT 

Article history: 

Received Aug 31, 2024 

Revised Dec 14, 2024 

Accepted Jan 19, 2025 

 

 Fifth Generation communication systems overcome the limitations of the 

fourth-generation systems and ensure improved data rates, lower latency, 

and higher connection density. 5G technology has the potential to unlock 

new internet of things (IoT) applications by utilizing the technologies such 

as multiple input multiple output orthogonal frequency division multiplexing 

(MIMO-OFDM), and Li-Fi. Low density parity check (LDPC) and polar 

codes are being preferred for data and control channels respectively in 5G 

systems as these coding techniques offer good error-detection and correction 

along with reduced latency. Morever, LDPC codes are power efficient. This 

paper aims to analyze the bit error rate (BER) performance of LDPC codes 

in MIMO-OFDM System for different modulation schemes. LDPC codes 

improve the BER performance of OFDM and MIMO-OFDM systems. 

MIMO-OFDM systems deliver better BER performance over OFDM 

system. 
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1. INTRODUCTION 

Significance of digital communication has been increasing in the fields of cellular, satellite, wireless 

and network communication. Based on the noise level and interference, errors are occurred at the receiver 

and these errors can be controlled by using proper channel coding techniques. In 4G systems, turbo codes are 

used whereas in 5G systems, low density parity check (LDPC) and Polar codes are being preferred [1], [2]. 

The data rates of 2G general packet radio service (GPRS), and 2.5G enhanced data rate for GSM 

evolution (EDGE) systems are 40 kbps and 384 kbps respectively. The third generation (3G) systems were 

developed in 2000’s with increased internet speeds and transmission rates. In addition, multitasking and 

video calling features are also provided in 3G systems. 

The fourth generation (4G) technology offered greater efficiency and increased wireless internet 

access to the users. Orthogonal frequency division multiplexing (OFDM) [3] supports higher transmission 

rate and eliminates intersymbol interference (ISI). In addition, it mitigates the multipath fading. As a result,  

it becomes strong candidate for LTE and advanced LTE systems. The advancements in telecommunication 

offer machine to humans and machine to machine communication [4]. In addition, 4G systems use multi 

antenna systems for better reliability and enhanced transmission rates. 5G wireless networks focus on 

improving the quality of service, data rate, latency, and security in transmission [5]. The key parameters in 
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5G networks are low latency, large number of connections, and improved data transmission rates [6]. 5G uses 

spatial multiplexing, multiple-input-multiple-output (MIMO) techniques [7] to meet the requirements of 

contemporary communication systems by utilizing millimeter wave technology. Forward error correction 

(FEC) plays a vital role in networking to ensure fast and reliable communication. 5G communication systems 

use LDPC and polar codes for data and control channels respectively. 

Channel coding is one of the techniques used to improve the Shannon channel capacity [8]. Several 

codes have been implemented for different applications [9]. The selection of the channel coding depends on 

the probability of the error correction during transmission. Channel coding offers: i) energy efficiency, which 

is a fundamental requirement for mobile application as they are powered by batteries and ii) less latency by 

avoiding retransmissions for reliable communication through an effective channel coding system. Turbo 

codes which are introduced in 1993 have good burst error detection and correction capabilities. Turbo codes 

nearly approach the Shannon channel capacity [10]. Because of iteration process in the turbo decoder, its 

latency is more, but the latency of 5G and beyond systems should be very small. 

As LDPC codes have less latency and good correction capability, these codes are preferred in 5G 

and beyond communication systems. LDPC encoding is the essential data transmission technique that is 

suitable for correcting errors in large block sizes [11]-[14]. The parity-check matrix in LDPC encoding 

should have less number of 1s in comparison with the number of 0s. The functionality of LDPC encoding 

and decoding is discussed in detailed in the succeeding section. As the number of wireless applications as 

well as users is increasing continuously, the demand for high data rate transmission is also increasing. 

However, high data rate transmission in wireless systems leads to ISI along with multipath fading.  

Proper design of an OFDM system [15] mitigates both ISI and multipath fading. 

In single antenna systems, the bandwidth is not sufficient to accommodate all the wireless 

applications and users. Hence, multi antenna systems such as MIMO systems [16] have been developed to 

improve reliability and transmission rate of the communication system. Hence, the combination of OFDM 

and MIMO that is MIMO-OFDM [17]-[19] meets the requirements of advanced wireless communication 

systems. Alamouti [20] introduced space-time code (STC) for multiple antennas at transmitter and single 

antenna receiver (1x2 MISO) system. Multiple antenna systems improve diversity gain and transmission rate. 

In [21]-[24] describe orthogonal space time block codes for more than two antennas to achieve maximum 

diversity. In this paper, section 1 covers the introduction. In section 2 describes the modelling of LDPC 

encoding and decoding. In section 3 deals with results and discussion of LDPC codes in OFDM and  

MIMO-OFDM systems. Finally, the paper is concluded in section 4. 
 

 

2. SYSTEM MODEL AND IMPLEMENTATION 

The LDPC encoded MIMO-OFDM system is shown in Figure 1. From Figure 1, binary data is 

encoded using LDPC encoder and the encoded data is modulated using PSK/QAM. The modulated data is 

given to the STBC encoder and each stream is applied to IFFT. Cyclic prefix (CP) is appended to the tail of 

the OFDM symbol. Here, the length of the CP should be slightly larger than the channel delay spread to 

make the system ISI free and bandwidth efficient. At the receiver, the CP is discarded and the data is applied 

to FFT and its output is given to the MIMO decoder as shown in Figure 1. Then the data is demodulated and 

decoded through the bit flipping process.  
 

 

 
 

Figure 1. Block diagram of LDPC encoded MIMO OFDM system 
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2.1.  LDPC codes 

The size of 𝐻 matrix in (𝑛, 𝑘) LDPC code is (𝑛 − 𝑘) x 𝑛. Here, 𝑘 and 𝑛 indicate the lengths of the 

message and codewords respectively. Tanner graph is used to represent parity check matrix. In tanner graph, 

check nodes (CN) and variable nodes (VN) indicates the rows and columns of parity check matrix. Number 

of ‘1’s in the parity matrix gives the relation between CNs and VNs. Cyclic shifts, lifting size and base graph 

are the characteristics of parity check matrix. 46×68 (base graph1) and 42×52 (base graph2) base graphs are 

defined in new radio (NR) systems. A (4 × 7) sparse parity check matrix ‘H’ and its Tanner graph is shown 

in (1) and Figure 2. Based on the message length and code rate, base graphs are selected. Each base graph 

consists of eight parity check matrices and each lifting size set have one set of cyclic shifts [25]. 
 

 

 
 

Figure 2. Tanner graph of 4×7 parity check matrix 

 

 

2.2.  LDPC encoder 

In (n, k) LDPC code, the weights wc and wr indicates, 1’s count in the columns and 1’s count in the 

rows respectively. The classification of LDPC codes is based on wc and wr. Regular LDPC codes contains 

equal number of 1’s in each column and row, otherwise the codes are called irregular LDPC codes [25]. 

Protograph is used in constructing LDPC codes. In LDPC encoding, the parity check matrix is obtained by 

expanding the base matrix which is obtained from the protograph construction. LDPC encoding process is 

illustrated in Figure 3. 

 

𝐻 =  [

0 1 0 1 1 0 0
1 1 1 0 0 1 0
0 0 0 0 0 0 1
1 0 1 1 0 1 0

] (1) 

 

 

 
 

Figure 3. Expanding a base matrix using an expansion factor 
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H = [

x2 + x3 x 1 x2 1 x3 0 1
1 1 + x 1 1 1 1 1 0
x3 1 1 + x2 1 0 1 x 1
x2 1 1 1 + x3 1 0 1 1

] (2) 

Parity Check Matrix 
 

1 = [

1 0 0    
0 1 0    
0
0

0
0

1    
0    

0
0
0
1

] x = [

0 1 0    
0 0 1    
0
1

0
0

0    
0    

0
0
1
0

] x2 = [

0 0 1    
0 0 0    
1
0

0
1

0    
0    

0
1
0
0

] x3 = [

0 0 0    
1 0 0    
0
0

1
0

0    
1    

1
0
0
0

]  

Circulants 
 

𝐻  =   [

𝐼1 0
𝐼1 𝐼

𝐼3 𝐼1 𝐼2 𝐼 0 0

0 𝐼1 0 𝐼 𝐼 0
0 𝐼4
𝐼4 𝐼1

𝐼2 𝐼 𝐼1 0 𝐼 𝐼

𝐼 0 𝐼1 0 0 𝐼

] (3) 

 

Ik: identity matrix in which column elements are shifted by k times 
 

2.3.  LDPC encoding mechanism 

− Step 1: consider a parity check matrix with expansion factor 5, that includes expansion values:  

-1, 0, 1, 2, 3, and 4. Parity check matrix H is considered as per (2) along with the circulants  

1, x, x2, and x3. 

On substituting the circulants, the parity-check matrix with expansion factor-5 modifies to (3). 

− Step 2: consider the message [M1 M2 M3 M4] where each message is of 5 bits. 

− Step 3: the codeword for the above message bits is [M1 M2 M3 M4 P1 P2 P3 P4] where P1 P2 P3 P4 are of  

5-bit length. 

− Step 4: codeword can be obtained by solving (4). 
 

𝐻𝑥[𝑀1𝑀2𝑀3𝑀4𝑃1𝑃2𝑃3𝑃4]
𝑡 = 0   (4) 

 

− Step 5: extracting row elements in (4) and equating to zero, equations from (5) to (8) are obtained. 
 

𝐼1 𝑀1 + 𝐼3 𝑀3 + 𝐼1 𝑀4 + 𝐼2 𝑃1 + 𝐼 𝑃2  =  0 (5) 
 

𝐼2 𝑀1 + 𝐼 𝑀2 + 𝐼3 𝑀4  + 𝐼 𝑃2 + 𝐼 𝑃3  =  0 (6) 
 

𝐼4 𝑀2 + 𝐼2 𝑀3 + 𝐼 𝑀4 + 𝐼1 𝑃1  +  𝐼 𝑃3 + 𝐼 𝑃4 = 0 (7) 
 

𝐼4 𝑀1 + 𝐼1 𝑀2 + 𝐼 𝑀3 + 𝐼2 𝑃1 + 𝐼 𝑃4 =  0 (8) 
 

− Step 6: adding equations from (5) through (6), and upon solving (9), parity bit sequence P1 is obtained. 
 

𝐼1 𝑃1 = 𝐼1 𝑀1 + 𝐼3 𝑀4  +  𝐼1 𝑀4  + 𝐼2 𝑀1  +  𝐼 𝑀2 + 𝐼3 𝑀3  +  𝐼4 𝑀2  + 𝐼2 𝑀3  + 

𝐼 𝑀4 + 𝐼4 𝑀1 + 𝐼1 𝑀2  +  𝐼 𝑀3     (9) 
 

− Step 7: by substituting P1 in H matrix, the value of P2 is calculated. Similarly using P2, parity bit sequence 

P3 and then P4 are determined. 

 

Case 1: 

- Consider the message block sequence M = [1 0 1 0 0 0 0 0 0 1 1 1] and encode it by considering the above 

parity check matrix. 

- Consider M1 = [1 0 1]; M2 = [0 0 0]; M3 = [0 0 0]; M4 = [1 1 1]  

consider the parity check matrix as in (10) with expansion factor 3. 

 

H = [

1 −1 1 2 2 0 −1 −1
2 1 −1 0 −1 0 0 −1

−1 2 2 1 1 −1 0 0
2 1 0 −1 2 −1 −1 0

] (10) 
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Using LDPC encoding mechanism as mentioned in section 2.3, and upon solving, parity bit sequences  

P1, P2, P3, and P4 generated are P1 = [0 1 0]; P2 = [1 0 1]; P3 = [1 0 0]; and P4 = [1 1 1]. Then the encoded 

code word with expansion factor -3 is X= [1 0 1 0 0 0 0 0 0 1 1 1 0 1 0 1 0 1 1 0 0 1 1 1]. 
 

Case 2: 

- Consider the message block sequence M = [1 0 1 0 1 0 0 0 0 0 1 1 1 1 1 0 1 0 1 0].  

- Consider M1 = [1 0 1 0 1]; M2 = [0 0 0 0 0]; M3 = [1 1 1 1 1]; M4 = [0 1 0 1 0] and the parity check matrix 

as in (11) expansion factor 5. 
 

H =  [

1 0 3 1 2 −1 0 0
2 −1 0 3 0 −1 −1 0
0 4 2 −1 1 0 −1 −1
4 1 −1 0 2 0 0 −1

] (11) 

 

Using LDPC encoding mechanism as mentioned in section 2.3, and upon solving, parity bit 

sequences P1, P2, P3, and P4 generated are P1 = [0 1 0 1 0]; P2 = [0 1 0 0 1]; P3 = [0 1 1 0 1]; and  

P4 = [0 1 1 0 0]. Then the encoded code word with expansion factor -5 is X= [1 0 1 0 1 0 0 0 0 0 1 1 1 1 1 0 1 

0 1 0 0 1 0 1 0 0 1 0 0 1 0 1 1 0 1 0 1 1 0 0]. 
 

2.4.  LDPC decoding mechanism 

For decoding of LDPC code, iterative algorithms are used to perform the sequential repair of error 

bits with the help of tanner graph [10]. In this work, hard decoding scheme is used. Error bits are detected in 

the received bit stream by CN based on the parity. If the parity is satisfied, data is sent to the message nodes 

else bits in the received data are adjusted to the required parity and then the corrected message is sent. 
 

Bit flipping algorithm 

Bit flipping algorithm is used for decoding a binary symmetric channel. Here, a specific bit is 

flipped from 0 to 1 or 1 to 0. 

− Step 1: from the parity matrix, draw the Tanner graph. 

− Step 2: perform even parity check for each check node. 

− Step 3: flip those bits which are involved with the largest number of unsatisfied parity checks. 

− Step 4: now, for the updated data, go back to step 2. Keep iterating until all checks are satisfied. 
 

Decoding case:  

Let the message bits be M = [0 0 0 0 0 0 0] and the received bits after transmission be  

y = [0 1 0 0 1 0 0]. The parity check matrix is considered as in (12). 
 

H = 

[
 
 
 
 
 
1 1 0 0 0 0 0
0 1 1 0 0 0 0
0 1 1 1 1 0 0
0 0 0 1 1 0 0
0 0 0 0 1 1 0
0 0 0 0 1 0 1]

 
 
 
 
 

 (12) 

 

The corresponding Tanner graph is as shown in Figure 4. The first bit flipping and the updated 

tanner graph is shown in Figure 5. After flipping the second bit, the obtained sequence is [0 0 0 0 0 0 0] 

which is equal to the transmitted sequence. Hence, the errors in the received sequence are corrected in this 

process. 
 

 

 
 

Figure 4. Tanner graph of parity check matrix 
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Figure 5. Bit flipping in Tanner graph of parity check matrix 

 

 

3. RESULTS AND DISCUSSION 

In this work, LDPC codes are implemented in OFDM and MIMO-OFDM systems and the error 

performance of the system is analyzed for different digital modulation schemes. Figure 6 describes the 

performance of LDPC code in terms of BER in QPSK modulated OFDM and 2×2 MIMO-OFDM 

communication system and it is observed that the BER of the system decreases with increase in SNR (in dB). 

The better BER performance of MIMO-OFDM over OFDM is also observed. Figure 7 illustrates the error 

performance of LDPC codes in 4 QAM modulated OFDM and 2×2 MIMO-OFDM systems. From Figure 6 

and Figure 7, an improved error performance of 4 QAM MIMO-OFDM system over QPSK MIMO-OFDM 

system is observed. The BER of LDPC encoded QPSK 2×2 MIMO-OFDM system at 15 dB SNR is 

10−3whereas 4QAM 2×2 MIMO-OFDM system achieved same BER (10−3) at 10 dB SNR only. 

Figures 8 and 9 demonstrate the error performance of LDPC code in 8 PSK OFDM and 8 PSK 2×2 

MIMO-OFDM and 8 QAM OFDM and 8 QAM 2×2 MIMO-OFDM systems respectively. By observing 

Figures 8 and 9, a better error performance of 8 QAM 2×2 MIMO-OFDM system is noticed in comparison 

with the 8 PSK MIMO-OFDM system. The SNR (in dB) required for 10−3 BER in 8 PSK 2×2 MIMO-

OFDM system is more than 20. However, 8 QAM 2×2 MIMO-OFDM system achieves 10−3 BER with 15 

dB SNR only. From Figures 10 and 11, the SNR (in dB) required in 16 PSK 2×2 MIMO-OFDM system and 

16 QAM 2×2 MIMO-OFDM system is 23 and 17 respectively. 

Hence, from the Figures 6 to 11, it is evident that the error performance of QAM system is always 

superior over PSK system for the same order of modulation. Moreover, it is also observed that the error 

performance of communication system is varied with the change in the order of modulation.  

The spectral efficiency (transmission rate) of the communication system improves with increase in order of 

modulation at the cost of error rate and vice versa. Hence, based on the requirement, the order of modulation 

is to be selected. For better reliability, lower order modulation and for higher data rate transmission, higher 

order modulation is to be selected. 
 

 

  
 

Figure 6. BER performance of OFDM and 2×2 

MIMO-OFDM signal with QPSK modulation 

 

Figure 7. BER performance of OFDM and 2×2 

MIMO-OFDM signal with 4QAM modulation 
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Figure 8. BER performance of 2×2 OFDM and 

MIMO-OFDM signal with 8 PSK modulation 

 

 

 

Figure 9. BER performance of OFDM and 2×2 

MIMO-OFDM signal with 8 QAM modulation 

 

 

  
 

Figure 10. BER performance of OFDM and 2×2 

MIMO-OFDM signal with 16 PSK modulation 

 

Figure 11. BER performance of OFDM and 2×2 

MIMO-OFDM signal with 16 QAM modulation 

 

 

4. CONCLUSIONS 

In this work, basic OFDM and 2×2 MIMO-OFDM systems are implemented. For bit level 

protection, LDPC codes are used. The error performance of LDPC codes in OFDM and 2×2 MIMO-OFDM 

systems is analyzed for different digital modulation schemes. From the results, it is concluded that the error 

performance of MIMO-OFDM communication system in the presence of LDPC code is better than 

conventional communication system. Hence, LDPC code improves the reliability of communication system, 

along with the power efficiency. Because of better error performance, power efficiency and other numerous 

advantages, LDPC codes are being preferred in contemporary communication systems such as 5G and 

Beyong 5G systems. It is also observed that the performance of system depends on the order of modulation. 

The higher transmission rate is achieved through higher order modulation and better reliability is obtained by 

using lower order modulation or/and good channel codes such as LDPC codes. 
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