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Abstract - This paper presents a MATLAB-based simulation and performance analysis of a 4×4 MIMO-OFDM wireless 
communication system employing QPSK modulation. The system operates under frequency-selective Rayleigh fading channels 
and incorporates pilot-based LS channel estimation and MMSE equalization. Key performance metrics, including Bit Error 
Rate (BER), average system capacity, and per-subcarrier SNR/capacity, are evaluated across a range of SNR values. The 
results provide a practical benchmark for future 5G/6G system simulations and education. 
MATLAB implementation: https://github.com/akshat-137/ 4x4-MIMO-OFDM-Wireless-Communication-System-Simulation 
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1.INTRODUCTION 
 
Orthogonal Frequency Division Multiplexing (OFDM) is widely adopted in modern wireless communication systems due to 
its robustness against multipath fading and efficient spectral utilization. Multiple-Input Multiple-Output (MIMO) 
technology leverages multiple transmit and receive antennas to enhance link reliability and spectral efficiency. The 
combination of MIMO with OFDM forms the backbone of 4G LTE, 5G NR, and emerging 6G systems. 
 
This study simulates a 4×4 MIMO-OFDM system in MATLAB. The system incorporates:  
• Pilot-based LS channel estimation for accurate channel characterization.  
• MMSE equalization to mitigate noise and inter-symbol interference.  
 
 The simulation evaluates:  
• Bit Error Rate (BER) versus SNR. 
• Average system capacity across subcarriers.  
• Per-subcarrier SNR and capacity distributions 

 
2. SYSTEM MODEL 
 
2.1  Block Diagram 
 

 
 

 

 

 

 

 

 

   Fig. 1 : Block diagram of 4×4 MIMO-OFDM system 

               International Research Journal of Engineering and Technology (IRJET)            e-ISSN: 2395-0056 

    Volume: 12 Issue: 10 | Oct 2025                             www.irjet.net                                                   p-ISSN: 2395-0072

 



  

© 2025, IRJET       |       Impact Factor value: 8.315       |       ISO 9001:2008 Certified Journal       |     Page 176 
 

2.2 Transmitter 
 
QPSK symbol mapping: s ∈ {1+j,1−j,−1+j,−1−j} 
OFDM modulation via IFFT: 

                                              
 

√ 
∑    

          
    ,   n =  0 , 1 , …., N-1                                     (1) 

Where xn is the time-domain OFDM signal and Xk is the symbol on the k-th subcarrier. Cyclic prefix (CP) is added to 

prevent inter-symbol interference. 

2.3 Channel 

Frequency-selective Rayleigh fading with L = 6 taps and exponential power delay profile: 

                                                                   Pl = exp(−l)      , l = 0,1,...,L−1                                                                                     (2) 

Where Pl represents the power of the l-th multipath component, following an exponential decay. 

2. 4 Receiver  

CP removal and FFT followed by pilot-based LS channel estimation: 

                                                                           HˆLS   =  
      

      
                                                                                                          (3) 

HˆLS   is the estimated channel matrix using pilot symbols        and received pilots       .  

MMSE equalization per subcarrier: 

                                                                      WMMSE  = (HHH + σ2I)-1HH                                                                                                                                (4) 

3. SIMULATION PARAMETERS 

Table -1:  Simulation Parameters

Parameters Value 

Subcarriers 64 

Cyclic Prefix 16 

Modulation QPSK 

Transmit x Receive 4 x 4 

Pilot Symbols 4 

Channel Taps 6 

SNR Range 0-24 dB 

Equalizer MMSE 

Channel Estimation LS (Pilot – based) 
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4. RESULT AND ANALYSIS 

Observation: BER decreases significantly with increasing SNR, while average capacity grows almost logarithmically, 

demonstrating the spatial multiplexing gain of 4×4 MIMO. 

Table -2 : Command Window Output : BER and Average Capacity vs SNR 

SNR (dB) BER Average Capacity (bits/sec/Hz) 

0 4.27e-01 20.67 

4 3.98e-01 42.72 

8 3.44e-01 48.66 

12 2.26e-01 54.86 

16 1.58e-01 60.06 

20 8.61e-02 64.17 

24 5.35e-02 69.84 

 

 

 

 

 

 

 

 

Fig. 2 : BER vs SNR for 4 x 4 MIMO-OFDM system : Confirms MMSE equalization mitigates channel noise . 

 

 

 

 

 

 

 

 

Fig. 3 : Average system capacity vs SNR : Capacity increases steaditly, showing MIMO spatial multiplexing . 
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Fig. 4: Per-subcarrier capacity variation showing frequency – selective fading effects. 

 

 

 

 

 

 

 

 

 

Fig. 5: Per-subcarrier SNR variation illustrating multipath fading effects. 

 

 

 

 

 

 

 

 

 

Fig. 6: QPSK Constellation after MMSE Equalization, confirming accurate channel estimation. 
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5. CONCLUSION 

This work presents a simulation and performance analysis of a 4×4 MIMO-OFDM system under frequency-selective 
Rayleigh fading. BER decreases with increasing SNR, while average capacity confirms the spatial multiplexing gain. Per-
subcarrier SNR and capacity plots reflect realistic channel behavior, and the QPSK constellation after MMSE equalization 
validates the channel estimation accuracy.  

These results demonstrate the practical feasibility of MIMO-OFDM for 4G LTE, 5G NR, and beyond. Future work may 
include higher-order modulation, advanced coding, adaptive bit-loading, and evaluation under mobility effects. 

APPENDIX: MATLAB IMPLEMENTATION 

1. % ------------------------- OFDM Modulation ----------------------- 

2. tx = ifft (sym_tx , subcarriers , 1) ; 

3. tx_cp = [tx (end – cp + 1 : end , : , : ) ; tx] ; 

4.   

5. % ------------------ LS Channel Estimation ------------------------ 

6. H_est (: , k , j) = Y_pilot (: , j) ./ pilot_symb (j) ; 

7.   

8. % ------------------ MMSE Equalization --------------------------- 

9. W = (H_est’ * H_est + noise_var * eye (Tx)) \ H_est’ ; 

10. X_hat = W * Y ; 

11.   

12. % ------------------ BER and Average Capacity ------------------ 

13. BER (idx) = total_error / total_bits ; 

14. Capacity (idx) = sum ( C_subcarrier (:) ) / (subcarriers * data_symbols * num_frames) ; 

 

Listing 1 : Key MATLAB Implementation 
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