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1.Introduction 
Orthogonal frequency division multiplexing (OFDM) 

is a frequency division multiplexing (FDM) scheme 

for the multi carrier frequency system [1, 2].  For the 

enhance flexibility of multiple transmitter and 

receivers, multiple inputs and multiple outputs 

(MIMO) can be used [3].  

 

For the communication system different 

combinations were used like quadrature amplitude 

modulation (QAM)) and quadrature phase shift 

keying (QPSK) for the better communication and the 

reduction of the error rate [4, 5].  The performance of 

the OFDM and MIMO system may degrade in case 

of inter carrier interference (ICI). Then the other 

measure is the carrier frequency offset (CFO) [6]. 

The performance factor may be affected by the sub 

channels, frequency fading and timing jitters. Time-

division multiplexing (TDM) and space-division 

multiple access (SDMA) are capable in improvement 

of the performance based on different timing jitters 

[1, 2]. For synchronized communication system code 

division multiple access (CDMA) can be used [3]. 

Multiple access interference (MAI) can be helpful in 

the data rates optimization [2, 3].   

 

 
*Author for correspondence 
 

Different error correction codes have been used in the 

previous work like Reed-Solomon-code, Alamouti-

code, turbo-code [7, 8]. It has been used in different 

system for the reduction of error rates. For the block 

synchronization cyclic prefix can be helpful with the 

inter-symbol-interference (ISI) [9, 10]. For the 

spectral efficiency windowing techniques were used 

[10, 11].   

 

The objective of this paper is to show the modulation 

based on varying parameters like system model and 

bandwidth considering different channel modes. This 

paper is organized and explored in the following 

sections. Literature discussion in section 2. Methods 

have been explored in section 3. Results investigation 

and discussion have been presented in section 4. The 

concluding remark has been elaborated in section 5. 

 

2.Literature review 
In 2021, Linnartz and Deng [11] discussed about the 

intensity modulated optical communication. Non-

negative signal is required for the communication in 

case of light emitting diode (LED) channel. It is 

helpful in the low pass nature. For this purpose, they 

have proposed the combination of flip and 

asymmetrical clipped optical-OFDM.  

 

Research Article 

Abstract  
In this paper a hybrid framework has been developed which is based on OFDM-MIMO system. This system adopted 

carrier frequency offset (CFO) modulation scheme for the multi-carrier transmission. Different subcarriers have been 

considered with quadrature amplitude modulation (QAM). Different channel capacity along with the subcarrier and 

lengths have been considered for the system performance estimation. CFO with different channel consideration is found 

to be helpful in the improvement of the system. The results show the variations in subcarrier, length and variations. The 

results show the improvement in bit error rate (BER) in case of increasing the number of systems, subcarriers and 

variations in correlation. 

 

Keywords 
OFDM, MIMO, CFO, QAM, BER. 

 



International Journal of Advanced Computer Research, Vol 12(70) 

25          

 

In 2022, Badran et al. [12] proposed CAZBAR 

sequence. It is based on zero autocorrelation. It is 

helpful in zero shift, better autocorrelation and higher 

peak. The results shows that the bit error rate (BER) 

has been reduced in comparison to MIMO-OFDM 

combination with single-carrier frequency-division 

multiple access (SC-FDMA). 

 

In 2022, Huang et al. [13] discussed about RadCom. 

They have suggested that the traditional RadCom 

which is based on OFDM system have low efficiency 

due to high peak-to-average power ratio (PAPR) and 

improper bandwidth allocation. So, they have 

proposed cyclic algorithm combination with the 

traditional system. The results show significant 

improvement in comparison to the traditional system 

in terms of communication and radar functions. 

 

In 2021, Reddy et al. [14] discussed about forward 

error-correcting codes. They have developed a 

concatenated version of MIMO and OFDM. It is 

helpful in the reduction of inference. It can be helpful 

in the improvement of data rate. Turbo code found to 

be better in the result analysis.  

 

In 2022, Ahmad and Shin [15] discussed about the 

wavelet-OFDM. They have proposed a 6G network. 

It is based on wavelet-OFDM and MIMO system. It 

is mainly based on non-orthogonal-multiple-access. 

The performance parameters consider are PAPR, 

symbol error rate and spectral efficiency. The results 

show the improvement in terms of traditional Fourier 

transform based system.  

 

In 2022, Khosravy et al. [16] discussed regarding the 

combination of OFDM-MIMO system. Due to the 

advantage in data rate and energy consumption, they 

have suggested a blind structure of MIMO. They 

have also used the combination of independent 

component analysis. Their approach is found to be 

proficient in efficiency and complexity.  

 

In 2019, Chow [17] proposed a modified OFDM 

using asymmetrical model. For the bandwidth 

efficiency they have used direct-current biased 

optical OFDM.  The results show reduction 

improvement in PAPR. It is also helpful in index 

modulation.  

 

In 2019, Mizutani et al. [18] proposed a function 

based on time-domain windowing. It has been used 

with long-term evolution (LTE) uplink parameters. 

They have used several performance parameters for 

the proper comparison of the results and found to be 

satisfactory.  

 

In 2018, Dan et al. [19] discussed about N-

continuous-OFDM. They have analysed the inference 

in the N-continuous-OFDM. It has been used in terms 

of frequency domain and power distribution system. 

The results show better BER as compared to out-of-

band suppression.  

 

In 2022, Attiah et al. [20] proposed an approach 

based on deep learning. It has been proposed for the 

MIMO system for channel sensing and hybrid 

beamforming. It reduces the intermediate channel 

estimation. The results show less training overhead in 

comparison to the traditional approaches. 

 

In 2020, Nguyen et al. [21] discussed about OFDM in 

terms of single-carrier modulation. Multi-LED 

system has been adopted due to the improvement in 

the data frate.  

 

In 2017, Rakhi and Jayakumari [22] discussed about 

the optical wireless communication. It has been 

discussed as it is beneficial in the deployment of 

LEDs. They have designed a flip-OFDM system for 

the same purpose. The results show significant 

improvement in BER.  

 

In 2016, Yu et al. [23] discussed about the fast 

Fourier transform based OFDM system. They have 

investigated the impact of impulsive noise. It has also 

been discussed in additive white Gaussian noise 

(AWGN) channel. The result shows that the 

impulsive noise is more in wavelet-based OFDM in 

comparison to fast Fourier transform based OFDM 

system.  

 

3.Methods 
In this paper a hybrid OFDM-MIMO correlation 

system has been developed for the estimation of the 

performances using BER considering different 

system specifications. The working mechanism is 

clearly depicted in Figure 1. 

The system development steps are as under: 

1. Transmit and receive Antenna (System model) 

2. Data stream selection 

3. Selection and identification of channels 

4. Performance measures 

 

The first phase is the system model. In this phase 

different system configurations have been checked 

and analysed. The transmit and receive antenna 
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considered here are 2, 3, 4 and 5. The configuration 

systems considered here are 2×2, 3×3, 4×4 and 5×5.  

 

AWGN channel has been considered for the data 

stream selection. The number of iterations is fixed to 

1000. It has been considered as it is helpful in the 

confidence and estimation assurance.  

 

The next phase is selection and identification of 

channels. Subcarrier is selected first. It varies from 8-

512 subcarriers. The code length considered was 2
n
 

with the timing jitters. The subcarrier capacity is 

denoted by n. Then the related subcarrier distance has 

been calculated for the nearest jitters based on the 

Euclidean distance. The channels considered here are 

AWGN and Rayleigh. Quadrature amplitude 

modulation (QAM) and QAM have been considered 

for the modulation.   

 

The BER has been calculated as shown below. 

BER = 
            

              
 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

Figure 1 Working flowchart 

 

4. Results and discussion 
In this section results have been explored with 

variable paraments. Different cases have been 

considered for the experimentation which are shown 

in Table 1 and Table 2. 

 

 

 

 

Table 1 Notation and representation used in the 

results 
S. No. Symbol Representation 

1 Circle-

dash line 

Jitters affected bit error rates 

2 Star-dash 
line 

Correlated Jitters affected bit error 
rates 

3 +-dash 

line 

Uncorrelated-Zero Jitters 

4 X-dash 
line 

Bit error rate (Ideal) 

No 

Yes 

Start 

Length of subcarrier 

Euclidean distance for 

the nearest Jitter 

Adoption of the 

channel 
Timing Jitters 

Modulation Finish 

Related Subcarrier Rejected 

Bit error rate 
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Table 2 Parameters used in the experimentation 

S. No. Parameter Ranges 

1 System model  AWGN  

2 Bandwidth estimation 5MHZ 

3 Iteration  1000 

4 MIMO-OFDM  Iterative approach 

5 Time slot  Time division 

6 Modulation QPSK 

The result shown in Figure 2 to Figure 7 clearly 

depicts the performance evaluation on different 

system. The results show the variations in subcarrier, 

length and variations.  The results show the 

improvement in BER in case of increasing the 

number of systems, subcarriers and variations in 

correlation. 

 

 
Figure 2 BER performance evaluation (4×4 system) [Subcarrier−7 (length=4, variation =0.1)] 

 

 
Figure 3 BER performance evaluation (4×4 system) [Subcarrier−7 (length=4, variation =0.5)] 
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Figure 4 BER performance evaluation (4×4 system) [Subcarrier−7 (length=4, variation =0.9)] 

 

 
Figure 5 BER performance evaluation (4×4 system) [Subcarrier−7 (length=8, variation =0.1)] 

 

 
Figure 6 BER performance evaluation (4×4 system) [Subcarrier−7 (length=8, variation =0.5)] 
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Figure 7 BER performance evaluation (4×4 system) [Subcarrier−7 (length=8, variation =0.9)] 

 

5. Conclusion 
In this paper OFDM and MIMO has been analysed 

and explored in terms of its performance parameters. 

Different system has been discussed for the 

performance improvement and its correlation. The 

considered parameters are channel efficiency, error 

rates, subcarrier, length etc. This paper also explores 

a hybrid design which is based on OFDM and MIMO 

system. The transmit and receive antenna considered 

here are 2, 3, 4 and 5. The configuration systems 

considered here are 2×2, 3×3, 4×4 and 5×5. The 

experimentation performed on 4×4 system and its 

shows that the results have been improved 

significantly in case of increasing subcarrier and 

length variations. 

 

Acknowledgment 
None. 

 

Conflicts of interest 
The authors have no conflicts of interest to declare. 

 

References 
[1] Abose TA, Olwal TO, Hassen MR. Hybrid beam-

forming techniques for multi-cell massive MIMO. 

International Journal of Advanced Technology and 

Engineering Exploration. 2022; 9(94):1311-26. 

[2] Trivedi S, Raeen MS, Pawar SS. BER analysis of 

MIMO-OFDM system using BPSK modulation 

scheme. International Journal of Advanced Computer 

Research. 2012; 2(3):208-14. 

[3] Dubey AK, Khandagre Y, Kushwaha GR, Hemnani K, 

Tiwari R, Shrivastava N. PAPR reduction in OFDM 

by using modernize SLM technique. In recent trends 

in wireless and mobile networks 2011 (pp. 397-405). 

Springer, Berlin, Heidelberg. 

[4] Ramzan A, Saeed MO. LDPC-coded OFDM-system 

with BPSK modulation: performance comparison with 

uncoded OFDM system. In 2018 3rd international 

conference on control and robotics engineering 

(ICCRE) 2018 (pp. 213-17). IEEE. 

[5] Mao J, Fang X, Yu Y, Ding D, Zhang L, Jiang G. 

Comparison of OFDM and OFDM/OQAM systems in 

nonlinear interference. In 12th international 

conference on communication software and networks 

(ICCSN) 2020 (pp. 18-22). IEEE. 

[6] An C, Kwon HM, Ryu HG. Receiver design of the 

WR-OFDM system robust to long delay multipath. In 

international conference on information and 

communication technology convergence (ICTC) 2020 

(pp. 817-9). IEEE. 

[7] Chicharro FI, Ortega B, De DM, Mora J. 

Reconfigurable optical OFDM signal transmitter 

based on sliced ASE source for DD MB-OFDM next 

generation WDM access networks. In 19th 

international conference on transparent optical 

networks (ICTON) 2017 (pp. 1-4). IEEE. 

[8] Koti J, Mishra BK. Comparitive analysis of ACO-

OFDM and CACO-OFDM for indoor optical wireless 

communication. In TEQIP III sponsored international 

conference on microwave integrated circuits, 

photonics and wireless networks (IMICPW) 2019 (pp. 

374-8). IEEE. 

[9] Jihad NJ, Satar SM. Performance study of ACO-

OFDM and DCO OFDM in optical camera 

communication system. In 2nd Al-Noor international 

conference for science and technology (NICST) 2020 

(pp. 63-7). IEEE. 

[10] Le HA, Van Chien T, Nguyen TH, Choo H, Nguyen 

VD. Machine learning-based 5G-and-beyond channel 

estimation for MIMO-OFDM communication 

systems. Sensors. 2021; 21(14):1-23. 

[11] Linnartz JP, Deng X. Continuous phase Flip-OFDM in 

optical wireless communications. Signal Processing. 

2021; 182:1-7. 

[12] Badran EF, Samara M, Ismail NE. Carrier frequency 

offset estimation for MIMO single-carrier FDMA 



Sanjay Singh and Bhagwat Kakde 

30 

 

system in wireless communication. Alexandria 

Engineering Journal. 2022; 61(9):6907-17. 

[13] Huang Y, Ye Q, Hu Z, Liu J, Hu S, Zhang Z. 

Partially-reserved cyclic algorithm for OFDM-based 

radcom PAPR reduction. Procedia Computer Science. 

2022; 202:436-48. 

[14] Reddy GK, Tapaswi A, Sheeba GM. Performance 

enhancement of MIMO OFDM using FEC codes. 

Materials Today: Proceedings. 2021. 

[15] Ahmad M, Shin SY. Massive MIMO NOMA with 

wavelet pulse shaping to minimize undesired channel 

interference. ICT Express. 2022. 

[16] Khosravy M, Gupta N, Dey N, Crespo RG. 

Underwater IoT network by blind MIMO OFDM 

transceiver based on probabilistic stone’s blind source 

separation. ACM Transactions on Sensor Networks 

2022; 18(3):1-27. 

[17] Chow CW. Performances of M-ACO-OFDM, DCO-

OFDM and M-GLIM OFDM in visible light 

communication systems. In 25th asia-pacific 

conference on communications (APCC) 2019 (pp. 

297-300). IEEE. 

[18] Mizutani Y, Mizutani K, Matsumura T, Harada H. A 

low-pass filtered time-domain window for DFTs-

OFDM to reduce out-of-band emission with low 

complexity. In 16th IEEE annual consumer 

communications & networking conference 2019 (pp. 

1-2). IEEE. 

[19] Dan L, Zhang C, Yuan J, Wen P, Fu B. Improved N-

continuous OFDM using adaptive power allocation. In  

IEEE 8th annual computing and communication 

workshop and conference 2018 (pp. 937-40). IEEE. 

[20] Attiah KM, Sohrabi F, Yu W. Deep learning for 

channel sensing and hybrid precoding in TDD massive 

MIMO OFDM systems. IEEE Transactions on 

Wireless Communications. 2022; 21(12):10839-53. 

[21] Nguyen H, Pham TL, Nguyen H, Jang YM. Rolling 

mimo-ofdm for optical camera communication 

system. In international conference on artificial 

intelligence in information and communication 2020 

(pp. 103-6). IEEE. 

[22] Rakhi KJ, Jayakumari J. Design of flip-OFDM system 

for optical wireless communication. In 2017 

international conference on circuit, power and 

computing technologies 2017 (pp. 1-4). IEEE. 

[23] Yu HC, Chien YR, Tsao HW. A study of impulsive 

noise immunity for wavelet-OFDM-based power line 

communications. In international conference on 

communication problem-solving 2016 (pp. 1-2). IEEE. 

 

 

 

 

 

 

 

 

 

 

 

 

Sanjay Singh is doing M.Tech in 

Digital and Communication from 

Madhyanchal Professional University, 

Bhopal (M.P.) and completed his 

Bachelor of Engineering degree in 

Electronic and Communication. His 

areas of interest are VLSI, Image 

processing and OFDM 

Communication. 

 

 

Dr. Bhagwat Kakde is an Associate 

Professor in the Department of 

Electronics and Communication 

Engineering at Madhyanchal 

Professional University (MPU), 

Bhopal, Madhya Pradesh, India. He 

received his Ph.D. in Electronics and 

Communication Engineering from 

Sarvepalli Radhakrishnan University (SRKU), Bhopal 

(MP) and his Master of Engineering in Digital 

Communication Engineering from Technocrats Institute of 

Technology, Bhopal (MP) and BE from Samrat Ashok 

Technological Institute (SATI) Vidisha (M.P). His areas of 

interest are Digital Communication Engineering, Digital 

Image Processing, Wireless Communication, VLSI and 

OFDM communication. He has more than 70 research 

papers published in national and international journals and 

conferences. He has 15 years of Experience in teaching and 

administration. 

Email: bhagwatkakde@gmail.com 

 

 

 


