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PCCC MC-CDMA COMBINATION PERFORMANCE OVER 

MULTIPATH RAYLEIGH FADING CHANNEL 
 

 

 
 

 :الخلاصة

   ٍع سٍز اىْاقو اىَخعذد اىوصوه  Parallel Concatenation Convolution Coding PCCCٕزا اىعَو يقذً ٍحاماة ه 

(MC-CDMA )عبش قْآ اىخفوث ٍخعذد اىَساس multipath fading channel  ٍع ٍقاسّت ىحاىت اىَعيوٍاث اىغيش اىَشفشة و

حقْيت فل اىشفشة اىَسخخذٍت في اىَحاماة .  Serial Concatenation Convolution Coding SCCCاىَعيوٍاث اىخي حسخخذً  

                  حٌ اسخخذاً حضَيِ. سج حنشاساث اُ ْٕاك ححسيِ بالاماّج فل اىشفشة اىَخنشسة حيث حعطي اقصى مفاءة ٍع 

phase shift keying   ٍعM = 2, 4, 8 and 16  ٍزج حقسيَاث اىخشدد اىَخعاٍذٓ ٍعOFDM . َّورج اىقْاة اىَخسخخذً ٕو

   .5MHzوعشض ّطاق قْاة قذسٓ  TS 25.101 v2.10ٍع ٍواصفاث حقْيت  3GPPّفسٔ اىَخصص 

             و اىَعيوٍاث غيش اىَشفشة بذلاىت  SCCCسبت اىى ّ  PCCCٍِ خلاه اىعَو ىوحظ اُ ْٕاك ححسيِ بالاداء باىْسبت ىو

 (.7)مَا ٍوضح باىجذوه سقٌ  dBsبَقذاس عذة   Signal to Noise Ratio (SNR)اه 

 

ABSTRACT 

This work presents the simulation of a Parallel Concatenation Convolution Coding PCCC with 

Multi-Carrier Code Division Multiple Access (MC-CDMA) system over multipath fading channels 

with a comparison with the uncoded data and that uses Serial Concatenated Convolutional Coding 

SCCC. The decoding technique used in the simulation was iterative decoding since it gives 

maximum efficiency with six iteration. Modulation schemes that used are Phase Shift Keying 

(BPSK, QPSK and 16 PSK), along with the Orthogonal Frequency Division Multiplexing (OFDM). 

The channel models used are as specified in the Third Generation Partnership Project (3GPP) 

Technical Specification TS 25.101v2.10 with a channel bandwidth of 5 MHz.  

It was noticed that there is an improvement in the performance of the use of the PCCC data over the 

SCCC and uncoded data of SNR by many dBs as summarized in table [2] but with 8 and 16 PSK 

modulation schemes with the multipath fading channel a convergence of the BER to 10
-4 

cannot be 

obtained and it remains fluctuating around BER of 10
-2

. 

 

INTRODUCTION 
Future wireless systems such as fourth generation (4G) cellular will need flexibility to provide 

subscribers with a variety of services such as voice, data, images, and video. Meanwhile, 

multicarrier CDMA (MC-CDMA) has emerged as a powerful alternative to conventional direct 
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sequence CDMA (DS-CDMA) in mobile wireless communications [1, 2], that has been shown to 

have superior performance to single carrier CDMA in multipath fading. The attractive features 

derived from the CDMA-OFDM combination makes MC-CDMA a firm candidate for the next 

generation of wireless system [3, 4]. Since 1993, MC-CDMA rapidly has become a topic of 

research. Wireless mobile communication systems present several design challenges resulting from 

the mobility of users throughout the system and the time-varying channel (Multi-path fading). There 

has been an increasing demand for efficient and reliable digital communication systems. To tackle 

these problems effectively, an efficient design of forward error coding (FEC) scheme is required for 

providing high coding gain. To obtain high coding gains with moderate decoding complexity, 

concatenation of codes with iterative decoding algorithms has proved to be an attractive scheme. 

In iterative decoding, instead of extracting all information from the received symbols and the 

knowledge about the code in a single run, it is done during several iterations with successively 

better reliability of the result. On the contrary, iterative decoders only extract little new information 

during every iteration which is added to the previously extracted information.  

 

MC-CDMA SYSTEM DESCRIPTION 

The generation of an MC-CDMA signal can be described as shown in Figures 1 and 2, a single data 

symbol is replicated into N parallel copies. Each branch of the parallel stream is multiplied by one 

chip of a spreading code of length N [5]. The resulting chips are then fed to a bank of orthogonal 

subcarriers. As is commonly done in MC-CDMA, it is assumed that the spreading sequence length 

N equals the number of subcarriers. However, this scheme can be generalized to the case where the 

number of carriers is a multiple of the spreading sequence length allowing in this way the 

simultaneous transmission of several symbols from the same user. Carrier modulation is efficiently 

implemented using the inverse fast Fourier transform (IFFT) [3]. 

After parallel-to-serial (P/S) conversion, a cyclic prefix (CP) is appended to the resulting signal to 

minimize the effects of the channel dispersion. It is assumed that the CP length exceeds the 

maximum channel delay spread and therefore, there is no interference among successively 

transmitted symbols (i.e. there is no interblock interference).  

The transmitted signal corresponding to the k
th

 data bit of the m
th

 user (am[k]) is given by [5]  

 1,1][

]1[)()22cos(][][
1

0








ic

kTtpt
T

F
itfkaicS

m

N

i

bT

b

cmmm b


 

where cm[0], cm[1], ... , cm[N-1] represents the spreading code of the m
th

 user and pTb(t) is defined to 

be an unit amplitude pulse that is non-zero in the interval of [0, Tb]. The input data symbols, am[k], 

are assumed to takes on values of -1 and 1 with equal probability. 

At the receiver side, opposite operation to that done at the transmitter are done. These operations are 

the OFDM demodulation, dispreading, MPSK demodulation, demapping and the PCCC decoding. 

 

Parallel and Serial Concatenated Convolutional (PCCC and SCCC) Encoding 

The convolutional turbo coder consists of a parallel concatenation of recursive systematic 

convolutional RSC encoders separated by a pseudo-random interleaver [6]. The main aim of RSC is 

to produce more high weight codes even though input contains more number of zeros [7]. The 

stream of input bits is fed to the first encoder without any modification and is randomly interleaved 

for the second encoder. A natural rate for such a code is 1/3 (one systematic bit and two parity bits 

for one data bit). The rate can be relatively easy increased by puncturing the parity bits but reducing 

the rate below 1/3 is more difficult and may involve repetition of some bits [6]. The structure of 

such a parallel concatenated convolutional code (PCCC) is shown in Figure (3). 

 

One important feature of turbo codes is the iterative decoding which uses a soft-in/soft-out (SISO) 

like MAP (Maximum A Posteriori) decoding algorithm which was first applied to convolution 
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codes by Bahl Cocke, Jelink and Raviv also known as (BCJR) algorithm [8].  In iterative decoding, 

there are two SISO decoders where the extrinsic information obtained from decoding process is 

exchanged between them [6]. MAP algorithm gives optimal estimate of information symbols given 

the received data sequence. In MAP decoding scheme the fact that it gives the maximum MAP 

estimate of each individual information bit is crucial in allowing the iterative decoding procedure to 

converge at very low SNR
,
s although soft output Viterbie algorithm SOVA can also be used to 

decode turbo codes but a significant improvements can be obtained with MAP algorithm. This 

algorithm requires a forward and backward recursion and is therefore suitable for block oriented 

processing since turbo code is a block oriented process this algorithm. The MAP algorithm 

calculates the posterior probability (APP) of each state transition massage bit. The log-MAP 

algorithm is the most complex of the algorithms used when implemented in software, but generally 

offers the best bit error rate (BER) performance. The max-log-APP decoding scheme is an 

approximation of the log-APP decoding and is widely used in practice because of its reduced 

computational complexity [8].  

The Max-Log-MAP (MLMAP) algorithm is a good compromise between performance and 

complexity [9]. It is very simple and, with the correction operation, also very effective [10]. 

Compared to the MAP/Log-MAP algorithm no SNR-information is necessary and the critical path 

within the add-compare-select (ACS) unit is shorter because of the maximum operation without the 

correction term [11]. The performance is better than the standard SOVA algorithm and reaches 

nearly the optimal performance results of the MAP/Log-MAP algorithm.  

The decoding is done for each inner code vector. The decoded bits are then decoded again 

according to the outer code used [12]. It consists of two soft input soft output SISO [14] modules 

connected in a ring.  

The Turbo decoding process is done in an iterative manner. SISO decoding of the convolutional 

subcodes is done with the use of a-priori information of previous decoding steps. Here only relevant 

formulas of the used Max-Log-APP MLMAP algorithm are given. 

 

Like other methods max-log-APP algorithm calculates approximate log-likelihood ratios LLR's for 

each input sample as an estimate of which possible information bit was transmitted at each sample 

time[10].They are calculated according to[10,11] 
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where i is the sample time index, m {0, … , Ns-1} is the present state, Ns is the number of encoder 

states, f(d, m) is the next state given present state m and input bit d  {0,1}, m

iA  is the forward state 

metric for state m at time i, m

iB is the reverse or backward state metric for state m at time i, and 
md

iD , is the branch metric at time i given present state m and input bit d {0,1}. The forward state 

metrics are calculated starting at the first sample received in the block and moving forward in time 

to the last sample received. The reverse state metrics are calculated starting at the last sample 

received and moving backward in time to the first sample received. More formally, the state and 

branch metrics are given by 
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where b(d,m) is the previous state given present state m and previous input bit d {0,1}, xi is the i
th

 

systematic sample, yi is the i
th

 parity sample, d is a systematic bit, mdc ,  is the corresponding coded 

bit given state m and bit d, mdd ,  =1-2d  , and mdmd cc ,, 21 . The state metrics provide a measure 

of the probability that state m is the correct one at time i, while the branch metrics are a measure of 

the probability that each possible combination of encoder outputs is the correct one given the 

channel outputs xi and yi. 

Note that in contrast to the true-APP or log-APP algorithms, no estimate of the channel signal-to-

noise ratio (SNR) is required. It is apparent that metric combining involves adding up all of the 

metrics associated with a given branch in the trellis, with each sum being an input to one of the 

max[.] operations in (2).  

The calculations in (3) and (4) are exactly the Viterbi algorithm without history and will therefore 

find the same winning path through the decoding trellis given the same inputs and initial conditions.  

The max-log-APP algorithm is sub-optimum due to the approximations involved. However, most of 

the performance loss associated with this suboptimality can be recovered by applying a simple scale 

factor correction to the output of the constituent decoder. The so-called extrinsic information may 

be approximated as 

 

 

 

 

where n{1,2} denotes one of the constituent decoders, n

outL  represents the set of LLRs produced 

by the max-log-MAP decoder, n

inL represents the set of input LLRs, and sf is an appropriate scale 

factor. Corrected LLRs are then calculated according to 

 

 

 

 

These corrected LLRs are the systematic input to the next constituent decoder, while the extrinsic 

information n

exL is fed back to be subtracted off on the next iteration. It has been found that setting   

sf = 5/8 = 0.625 typically yields performance within 0.1 dB to 0.2 dB of a true-APP decoder given 

the same number of iterations. At the same time, using this method vastly reduces the amount of 

computation required. 

 

While in SCCC, only the inner code must be recursive systematic convolutional RSC. The 

information bits are encoded by the outer encoder and the resulting code bits are interleaved by the 

bit wise random interleaver and become the information bits of the inner encoder. The outer code 

with a rate k/p R  and the inner code with rate p/n Ri   joined by an interleaver of length N bits, 

generating an SCCC with rate k/n Rc  . Note that N must be an integer multiple of p [14]. For more 

details about the SCCC decoding refer to [15]. 

 

SIMULATION RESULTS  
The proposed system is illustrated in Figure [5]. A 20 Mbps was transmitted over the system. Since 

the channel for the 4
th

 generation is not developed yet, therefore, the 3.5 G channel specifications 

was used in the simulation process. These channels are AWGN and frequency selective fading 

channels. The modulation schemes are the MPSK with M=2, 4 and 16. The simulation was 

performed using Matlab program version R2008b. 

 

[6] 

[7] 
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First, a simulation of MC-CDMA system that utilized the parallel concatenated coded data PCCC 

was achieved with AWGN channel and for multipath fading channel. First, the input binary data 

generated at the transmitter side is encoded with the parallel concatenated convolutional coder with 

both the upper and lower coder of a generator polynomial of [1 0 1 1; 1 1 0 1] ) polynomial 

generators and a constraint length of (4).  With the MAP decoding algorithm which is an iterative 

decoding algorithm. The performance of the concatenated convolutional code system depends upon 

the number of iteration of the decoder.  

The same work was repeated with the serially concatenated convolutional code with the outer coder 

of a generator polynomial in octal of (3, [7 5], 7) while the inner one has a ([3 3], [7 0 5; 0 7 6], [7 

7]) generator polynomial. The random interleaver length was 1024 in both cases. 

 

Table [1] summaries the system specifications for the AWGN and frequency selective fading 

channels [16] while figure (6) shows the flow chart of the proposed system.  

 

 

The performance characteristics of the proposed system shown in figures (7, 8, 9 and 10) for binary, 

4, 8 and 16 PSK modulation techniques respectively. The figures also contain comparison of the 

system with the PCCC data with that uses serially concatenated code and uncoded data.  

 

Table 1-Simulation parameters for the AWGN channel 

Available bandwidth 5 MHz 

FFT sampling rate 5 MHz 

Spreading code Hadamard Walsh 

Spreading factor 32 

FFT size 512 

Subcarrier spacing 2.4414 kHz 

Effective symbol duration 409.6 μs 

Guard time duration 102.4 μs 

MC-CDMA symbol duration 128 μs 

Modulation technique BPSK, QPSK, 8PSK & 16PSK 

No. of iterations 6 

 

Figures (11, 12 and 13) show a comparison of the BER versus symbol signal power to the noise 

power) Es/Nₒ for MC-CDMA system with PCCC, SCCC and uncoded data with multipath fading 

channel and 2,4,and 8 PSK modulation techniques respectively.  

 

Table [2] summarizes the obtained results as a comparison of SNR in dB for the selected channels; 

AWGN channel, Multipath fading channel for modulation techniques of BPSK, 4 PSK and 16 PSK 

with uncoded, serially concatenated convolutional coded (SCCC) data and parallel concatenated 

convolutional coded (PCCC) data. 
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Table [2]: A comparison of  SNR in dB for Uncoded, SCCC and PCCC data for BER of 10
-4. 

MPSK SNR/dB for AWGN channel SNR/dB for multipath fading 

channel 

Uncoded SCCC PCCC Uncoded SCCC PCCC 

2 PSK 21 16.5 12 24 15 8 

4 PSK 25 18.1 16 28 21.5 11.2 

8 PSK 29 23 17 - - - 

16 PSK 34 27 22.5 - - - 

 

CONCLUSION: 

The use of the parallel concatenated convolutional coded (PCCC) technique in conjunction with the 

MC-CDMA system improved the performance of the system over that which uses the uncoded or 

serially concatenated convolutional coded (SCCC) data. It can be noticed that there is an 

improvement in the results of the use of the PCCC data over the others as summarized in table 3. 

It can be noticed that with 8 and 16 PSK modulation schemes with the multipath fading channel a 

convergence of the BER to 10
-4 

cannot be obtained and it remains fluctuating around BER of 10
-2

.  

 

          REFERENCES 

 J. G. Andrews and T. H. Meng, “Performance of multicarrier CDMA with successive 

interference cancellation in a multipath fading channel,” IEEE Transactions on 

Communications, vol. 52, pp. 811–822, May 2004. 

 

 L. L. Yang and L. Hanzo, “Multicarrier DS-CDMA: a multiple access scheme for 

ubiquitous broadband wireless communications,” IEEE Communications Magazine, vol. 41, 

pp. 116–124, October 2003. 

 

 Felip Riera-Palou, Guillem Femenias & Jaume Ramism, Performance Analysis of Multiuser 

Detectors for Uplink Quasi-synchronous MC-CDMA Systems Wireless  Personal  

Communications Volume 43, Number 4, 2007. 

 

 Fazel, K., & Kaiser, S. (2005). Multi-carrier and spread spectrum systems. New york: 

Wiley.  

 

 Nathan Yee, Jean-Paul Linnartz and Gerhard Fettweis, "Multi-carrier CDMA in indoor 

wireless radio networks", IEICE Transaction on Communications, Japan, Vol. E77-B, No. 7, 

July 1994, pp. 900-904. 

 

 Ramasmay K., Mohammed U. S., mohammed Y. A. and A. Arunagiri, " Performance 

comparison of convolutional and block codes",IEICE Electronic Express, V. 3, N. 13, pp, 

322-327, 2006. 

 

 Shanmugam A., A. R. Abdul Rajak, "Optimal design of forward error correcting codes for 

wireless communication", Academic open Internet journal, V. 14, 2005, 

http://www.acadjournal.com/. 

 

 Bahl, J. L. Cocke, F. Jelinek, and J. Raviv, “Optimal decoding of linear codes for 

minimizing symbol error rate,” IEEE Trans. Inform. Theory, vol. IT-20, pp. 284–287, Mar. 

1974. 

 

http://www.springerlink.com/content/g10l720u6207/?p=674c59fb88b3407fb50eee7156f59cfe&pi=0


Journal of Engineering Volume   16   September   2010 Number 3 
 

 

 4675 

 Vogt J., K. KOORA, A. FINGER and G. FETTWEIS: "Comparison of Different Turbo 

Decoder Realizations for IMT-2000", in Proc. of the IEEE GLOBECOM '99, Rio de 

Janeiro, Dec. 1999, pp. 2704-2708. 

 

 Robertson P., E. Villebrun, and P. Hoeher, “A Comparison of Optimal and Sub-Optimal 

MAP Decoding Algorithms Operating in the Log Domain”, Proceedings of the 1995 

International Conference on Communications (ICC’95), Seattle, WA, USA, pp. 1009-1013, 

June 1995. 

 

 Robertson, P. Hoeher, and E. Villebrun, “Optimal and Sub-Optimal Maximum a Posteriori 

Algorithms Suitable for Turbo Decoding”, IEEE Communications Theory, Vol. 8, No. 2, pp. 

119-125, March-April 1997. 

 

 G. D. Forney Jr., Concatenated Codes, MIT Press, Cambridge, Mass,1966. 

 

 Yang L. L. and L. Hanzo, “Multicarrier DS-CDMA: a multiple access scheme for 

ubiquitous broadband wireless communications,” IEEE Communications Magazine, vol. 41, 

pp. 116–124, October 2003. 

 

 Sergio, Dariush Divsalar, Guido Montorsi and Fabrizio Pollara, "Serial concatenation of 

Interleaved Codes: Performance Analysis, Design, and Iterative Decoding", IEEE 

Transactions on information theory, V. 44, No. 3, May 1998. 

 

 Aqiel N. Almaamory, Husam A. Mohammed, " SCCC-MCCDMA combination 

performance over multipath Rayleigh fading channel", to be published Kerbalaa university. 

 

 Minh-Quang Nguyen, Paul Fortier and Sébastien Roy, "Simulation of MC-CDMA systems", 

Defence R&D Canada – Ottawa, November 2006. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2) MC-CDMA receiver Figure (1) MC-CDMA transmitter 
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Figure (5) block diagram of the serially convolutional coded MC-CDMA system. 
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Figure (4): block diagram of the Max-Log-MAP decoding for the PCCC 

scheme and scale factor correction. 
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Figure (6): flow chart of the proposed system 
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Figure (8) BER Vs SNR for AWGN       

                 channel with M=4 
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Figure (12) BER Vs SNR for multipath fading 

channel with M=4. 
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Figure (13) BER Vs SNR for multipath fading 

channel with M =8. 
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channel with M=2 


