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CHANNEL CODING SCHEMES FOR AN ORTOGHONAL MULTICARRIER DS-

CDMA SYSTEM 

 

D. A. Guimarães and J. Portugheis 

 

Indexing Terms: Mobile Communications, Multicarrier CDMA, Error Correcting Codes 

A channel coding scheme for an orthogonal multicarrier DS-CDMA system is 

suggested. The scheme does not reduce the transmission rate of information nor 

increases the transmitted signal bandwidth of the uncoded multicarrier system. 

Simulation results for  the suggested scheme in a multipath fading channel show 

considerable coding gain over the uncoded case. 

 

Introduction: Recently, a junction of OFDM (orthogonal frequency division 

multiplexing) with CDMA (code division multiple access) techniques has been the 

subject of a lot of research, configuring what is generally named multicarrier CDMA 

systems [1]. Sourour and Nakagawa [2] suggest an orthogonal multicarrier DS-CDMA 

system in order to mitigate the multipath effects in a Rayleigh fading channel by using 

frequency diversity instead of the path diversity achieved with a RAKE receiver. They 

also demonstrate that the multicarrier system may outperform the single carrier RAKE 

receiver system. The scheme proposed here combines the uncoded system suggested in 

[2] with a special form of channel coding procedure, in such a way that the transmission 

rate of information and the transmitted signal bandwidth of the uncoded system are not 

changed. The simulation results show that considerable coding gains can be achieved. 
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System description: The block diagram of the proposed channel coding scheme, at the 

transmitter side, is shown in Fig. 1. The information bits are serial-to-parallel converted 

into M  streams. If the information bit duration is Tb
, at the outputs of the converter the 

bit duration will be MTb
. Each of the M  streams is coded with a code of rate B C/  and 

each coded bit is replicated R  times. All the resulting coded bit streams are interleaved 

and spread by a common pseudo noise (PN) sequence. Each of these bit streams 

modulates one of the MS  orthogonal carriers, where S  is the product of the number of 

outputs of the coder in one of the M streams times the value of R (note that the number 

of outputs of the coder is not necessary equal to C ). The MS  modulated carriers are 

summed to form the transmitted signal. All considerations taken in [2] concerning with 

the interleaving process, with the type of modulation as well as the frequency spectrum 

were also taken for the coded system proposed here. It is important to observe that if the 

code is a repetition code, the system is reduced to the model described in [2]. 

 

Fig. 2 shows the block diagram of the receiver for the proposed system. It consists of 

MS matched filters followed by de-interleavers. Each group of R  de-interleaver outputs 

are then combined (equal gain or maximal ratio combining) to form the soft-decision 

variables for the corresponding coded bit. If R  1, the de-interleavers outputs feed 

directly the decoder. 

 

Performance results: To obtain the performance of the coding scheme in a Rayleigh 

fading channel, the outputs of the de-interleavers were computer generated based on the 

analytical expressions given in [2]. It was assumed that the channel behaves like a single 

path fading channel for each carrier. Therefore, the outputs of the de-interleavers can be 

expressed as the desired coded bit distorted by fading and corrupted by noise and 
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interference from other users. This interference was generated as Gaussian with 

variances given by the expressions derived in [2]. Due to the fact that the Rayleigh 

fading amplitudes of the channel model are being generated for the simulations, it is 

also possible to consider the maximal ratio combining rule for the combiner at the 

receiver. It was further assumed that the spreading codes are random for all users. In all 

the simulations, a minimum distance decoding algorithm which uses the Euclidean 

distance as a distance measure was considered. 

 

Preliminary simulation results for the uncoded system with the equal gain combining 

rule were obtained and they are described in [3]. All these results are in perfect 

agreement with the numerical results shown in [2]. Simulation results for the uncoded 

system with the maximal ratio combining rule are also given in [3]. They show that the 

use of this rule can improve the performance of the system. 

 

Fig. 3 shows simulation results for the generalised array code (15,5,7), which has the 

same weight distribution of the BCH (15,5,7) code [4]. The results shown are for M = 2, 

S = 3, R = 1, number of users K = 10 and PN sequence length N = 34. The performance 

of an uncoded system with a single carrier and a conventional RAKE receiver is also 

shown for reference. The PN sequence length for the single carrier case was adjusted in 

order to keep the total bandwidth of the transmitted signal equal to the total bandwidth 

of the multicarrier system. 

 

As can be noticed from Fig. 3, the coded scheme achieves a bit error probability of 10
-3

 

for a SNR of about 12 dB, whereas the uncoded system exhibits an error floor for a 
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higher error probability. The SNR is the average received bit energy per noise power 

spectral density, as defined in [2]. 

 

Fig. 4 shows simulation results for the (8,4,4) code, which is a Reed Muller code. The 

results shown are for M = 2, S = 4(6), R = 2(3), number of users K = 10 and PN 

sequence length N = 18(26). All the simulation results shown in Fig. 4 are for the 

maximal ratio combining rule. In Figures 3 and 4, the performance for the uncoded 

systems is also shown. It was also assumed in all simulations that the fading variables 

are uncorrelated. The results shown in Fig. 4 demonstrate that the coded scheme, for the 

simulated cases, achieves a coding gain of about 5 dB for a bit error probability of 10
-3

. 

 

Conclusions: We have suggested a channel coding scheme for an orthogonal 

multicarrier DS-CDMA system, whose parameters can be chosen in such a way that the 

transmission rate of information is not reduced and the transmitted signal bandwidth is 

not increased in comparison with the original uncoded system. The proposed scheme 

offers flexibility concerning the choice of its parameters (code rate B/C, number of bit 

repetitions R and the values of M and S) in order to achieve a good trade-off among 

performance, implementation complexity and bandwidth efficiency. It remains an open 

problem to find optimum design criteria for the proposed coding scheme, aiming to 

construct the best codes. 

 

D. A. Guimarães (Dept. of Telecommunications, INATEL, 37540-000, S. R. 

Sapucaí, MG, Brazil)  

J. Portugheis (Dept. of Communications, DECOM, FEEC, UNICAMP, C. P. 

6101, 13084-970, Campinas, SP, Brazil) 



 5 

 

References: 

[1] HARA, S. and PRASAD, R.,: ‘Overview of multicarrier CDMA’, IEEE 

Communications Magazine, 1997, vol. 35, no. 12, pp. 126-133. 

[2] SOUROUR, E. A. and NAKAGAWA, M.,: ‘Performance of orthogonal multicarrier 

CDMA in a multipath fading channel’, IEEE Transactions on Communications, 1996, 

vol. 44, no. 3, pp. 356-367. 

[3] GUIMARÃES, D. A., ‘Channel coding schemes for a DS-CDMA system with 

orthogonal carriers’ (in Portuguese), M. Sc. Thesis, State University of Campinas, 

UNICAMP, SP, Brazil, June 1998. 

[4] HONARY,  B. and MARKARIAN, G., ‘Trellis Decoding of Block Codes: A 

practical approach’, Kluwer, 1997, pp. 15-17. 

 

List of Captions: 

Fig. 1 – Block diagram of the transmitter of the coded Multicarrier DS-CDMA system. 

Fig. 2 –  Block diagram of the receiver of the coded Multicarrier DS-CDMA system. 

Fig. 3 – Performance of the Multicarrier DS-CDMA system in a multipath Rayleigh 

fading channel. 

Fig. 4 – Performance of the Multicarrier DS-CDMA system in a multipath Rayleigh 

fading channel. 
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Fig. 1 – Block diagram of the transmitter of the coded Multicarrier DS-CDMA system 
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Fig. 2 – Block diagram of the receiver of the coded Multicarrier DS-CDMA system 
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Fig. 3 – Performance of the Multicarrier DS-CDMA system 

 in a multipath Rayleigh fading channel 

 

Uncoded single carrier system (M = S = 1) with a RAKE receiver for K = 10 

Uncoded for M = 2, S = 3,  K = 10 and N = 34                    

Coded system with the (15,5,7) code, for M = 2, S = 3, R = 1, K = 10 and N = 34 
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Fig. 4 – Performance of the Multicarrier DS-CDMA system 

 in a multipath Rayleigh fading channel 

 

Uncoded for M = 2, S = 4, K = 10 and N = 18 

Uncoded for M = 2, S = 6, K = 10 and N = 26 
Coded system with the (8,4,4) code, for M = 2, S = 4, R = 2, K = 10 and N = 18 

Coded system with the (8,4,4) code, for M = 2, S = 6, R = 3, K = 10 and N = 26 

 

Fig. 4 – Performance of the Multicarrier DS-CDMA system 

 in a multipath Rayleigh fading channel 
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