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Joint Multiuser Detection and Decoding in Coded MC-CDMA System 
A Study on Quasi-Maximum-Likelihood Decoding using Ordered Statistics Algorithm  
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In multi-carrier code division multiple access (MC-CDMA) systems, delay waves cause inter-code interference and degrade bit 

error rate (BER) performance as the number of multiplexing users increases. In this paper, we propose a new quasi-maximum 

likelihood detection which jointly performs multiuser detection and error correction decoding for coded MC-CDMA systems to 

mitigate the inter-code interference. The proposed method uses codewords generated by the ordered statistics decoding for the 

quasi-maximum likelihood detection. In the proposed method, we only consider the codewords which have relatively high reliability 

values, where the reliability values are calculated from received signals, so that we can significantly decrease the number of 

codewords considered in the quasi-maximum likelihood detection. As the result of numerical simulations, we show that the proposed 

method exhibits better BER performance than a conventional method. 
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Fig. 1. Quasi-Maximum-Likelihood-Detection using 1-bit 

conversion method 
 

 
Fig. 2. MC-CDMA modulation 

 

 
Fig. 3. MC-CDMA demodulation 
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Fig. 4. Coded MC-CDMA transmitter 

 

 
Fig. 5. Coded MC-CDMA receiver 

(Serial decoding process  
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Fig. 7. Generation of candidates by table-aided decoding  

 for the quasi-maximum likelihood detection 
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Fig. 9. Generation of candidates by the ordered statistics decoding 
for the quasi-maximum likelihood detection. 
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Table 2. Simulation parameters 

Information modulation BPSK QPSK 
Coding BCH(31,21) BCH(15,11) 

MC-CDMA 
Subcarriers 32 
Spreading factor 32 
Spread code Walsh code 

Channel 
AWGN Rayleigh fading 
Number of delay wave 1  
Delay time 1sample 
DUR 4 dB 

MC-CDMA demodulation MMSEC 
Channel estimation Pilot symbol 
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Table 3. The number of candidates for 1-bit conversion method 

 number of candidates 
1-bit 

conversion 
method 

BPSK Multiplexing + 1 

QPSK 
Twice the number of 

Multiplexing + 1 

 
Table 4. The number of candidates for Joint Multiuser Detection  

and Decoding methods 
 number of candidates 

BCH 
(15,11) 

BCH 
(31,21) 

Table-aided 
decoding dD 

3 36 5 
4 120 31~40 
5 309 187~202 

Ordered 
statistics 
decoding 

Order 

0 1 1 
1 12 22 
2 67 231 
3 232 1562 

 

Fig. 10. The influence of inter-code interference  
for MC-CDMA over AWGN channel 

 
Fig. 11. Performance of BER versus Eb/N0 in quasi-maximum 

          likelihood estimation using 1-bit conversion method 
over AWGN channel 

 
Fig. 12. BER performance of MC-CDMA and  

coded MC-CDMA in AWGN channel (BPSK) 

 
Fig. 13. BER performance of joint multiuser detection and decoding 

method for coded MC-CDMA in AWGN channel 
 (BPSK BCH(n,k)=(15,11) , multiplexing 15) 

 
Fig. 14. BER performance of joint multiuser detection and decoding 

method for coded MC-CDMA in AWGN channel 
(BPSK ,BCH(n,k)=(31,21) , multiplexing=31) 
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Fig. 15. BER performance of MC-CDMA and coded 

MC-CDMA in rayleigh fading channel (BPSK) 

 
Fig. 16. BER performance of joint multiuser detection and decoding 

    method for coded MC-CDMA in rayleigh fading channel 
 (BPSK BCH(n,k)=(15,11) , multiplexing 15) 

 
Fig. 17. BER performance of joint multiuser detection and decoding 

method for coded MC-CDMA in rayleigh fading channel 
(BPSK ,BCH(n,k)=(31,21) , multiplexing=31) 

 
Fig. 18. The influence of inter-code interference  

for MC-CDMA over AWGN channel 

 
Fig. 19. Performance of BER versus Eb/N0 in quasi-maximum 

          likelihood estimation using 1-bit conversion method 
over AWGN channel 

 
Fig. 20. BER performance of MC-CDMA and  

coded MC-CDMA in AWGN channel (QPSK) 
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Fig. 21. BER performance of joint multiuser detection and decoding 

method for coded MC-CDMA in AWGN channel 
 (QPSK BCH(n,k)=(15,11) , multiplexing 8) 

  
Fig. 22. BER performance of joint multiuser detection and decoding 

method for coded MC-CDMA in AWGN channel 
 (QPSK BCH(n,k)=(31,21) , multiplexing 16)  

 
Fig. 23. BER performance of MC-CDMA and coded 

MC-CDMA in rayleigh fading channel. (QPSK) 

  
Fig. 24. BER performance of joint multiuser detection and decoding 

    method for coded MC-CDMA in rayleigh fading channel 
 (QPSK BCH(n,k)=(15,11) , multiplexing 8) 

 
Fig. 25. BER performance of joint multiuser detection and decoding 

    method for coded MC-CDMA in rayleigh fading channel  
(QPSK BCH(n,k)=(31,21) , multiplexing 16) 
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