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Abstract- The main feature of the next-generation wireless systems will be the convergence of multi-

media services such as speech, audio, video, image, and data. This implies that a future wireless terminal, 
by guaranteeing high speed data, will be able to connect to   different networks in order to support 
various services: switched traffic, IP data packets, and broadband streaming services such as video. 
Multicarrier Code Division Multiple Access (MC-CDMA) scheme is the promising candidate for future 
broadband wireless systems, as it provides higher flexibility, transmission rates and spectral efficiency. It 
combines an orthogonal frequency division multiplexing (OFDM) modulation with a Code Division 
Multiple Access (CDMA) scheme and hence exploits the advantages of   OFDM as well as CDMA. 

A well-known, major drawback of conventional orthogonal frequency-division multiplexing (OFDM) 
transmission schemes is their strong envelope fluctuation and high peak-to-mean envelope power ratio 
(PMEPR), leading to power amplification difficulties. That is the OFDM signal which is the superposition 
of large number of modulated subcarriers, usually exhibits a high instantaneous peak value with respect 
to average value leading to envelope fluctuations. This is cited as a major drawback in OFDM scheme. 
This drawback is found in MC-CDMA too.  As MC-CDMA signals have high envelope fluctuations and a 
high peak-to-mean envelope power ratio (PMEPR), which leads to amplification difficulties.  

In order to avoid the out-of-band  radiation levels which are inherent to nonlinear distortion, power 
amplifiers for OFDM transmission are required to have linear characteristics and/or a significant input 
back off  has to be adopted. Therefore, reduced power efficiency is the price to pay for high bandwidth 
efficiency. A class of low-complexity signal-processing schemes for reduced PMEPR, spectrally efficient 
MC-CDMA transmission was proposed. 

 
I. INTRODUCTION 

The main feature of the next-generation wireless systems will be the convergence of multi-media services 
such as speech, audio, video, image, and data. This implies that a future wireless terminal, by guaranteeing high 
speed data, will be able to connect to   different networks in order to support various services: switched traffic, 
IP data packets, and broadband streaming services such as video. Multicarrier code-division multiple-access 
(MC-CDMA) scheme is the potential candidate for future generation wireless systems. 

In traditional communications, the important components of a communications system include the transmitter, 
communication channel and receiver. The objective of a communications system is to successfully deliver 
information data from the source to receiver through a given channel. In multiuser communication systems, the 
focus is to establish same transmission objectives but for multiple users which share a communication channel. 
The significance of multiuser systems is shown by the provision of applications such as mobile cellular phones, 
asymmetric digital subscriber lines (ADSL) services and other uses such as satellite communications. There are 
several multiple access schemes that can be used to provide a communication service to multiple users. Some of 
the fundamental multiple access schemes are Frequency Division Multiple Access (FDMA), Time Division 
Multiple Access (TDMA), Code Division Multiple Access (CDMA) and Space Division Multiple Access 
(SDMA). 

The Orthogonal Frequency Division Multiplexing (OFDM) modulation is one specific form of FDMA 
multiple access scheme. OFDM is an effective multiple access technique that possesses many desirable 
properties. The OFDM method is bandwidth efficient, easily implemented and OFDM signals are robust against 
multipath fading. A particular important problem that exists in OFDM transmission is that OFDM signals often 
exhibit high peak-to-average power ratio (PAPR). In practice this high PAPR frequently cause signal distortion 
and increase bit error rate when high power amplifier (HPA) is used.  The objective of this project is to conduct 
an in depth investigation of a particular technique of subcarrier pulse shaping proposed in the literature for 
PAPR reduction in OFDM signals.  
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;࢑ࡿ ࢑ ൌ െቀࡺ૛ቁ ,െ ቀࡺ૛ቁ ൅ ૚,… ቀࡺ૛ቁ െ 	૚																		      (1) 
     
• The Inverse Discrete Fourier Transform (IDFT) of this frequency-domain block is computed, leading to the 

time domain block {ܵ௡ᇱ  ; n=0,1,...N-1} with  ܵ௡ᇱ   is given Eqn.(2).  
ᇱ࢔ࡿ																			  ൌ ૚ࡺ∑ ᇱࡷࡿ ܘܠ܍ ൬࢐૛࣊ቀ࢑࢔ ൗࡺ ቁ൰ࡺᇲି૚ࡷୀ૙                  (2) 

   
• Each sample is submitted to a nonlinear operation(an envelope clipping)according to, ࢉ࢔ࡿ   leading to the 

modified block {ܵ௡௖ ; n=0,1,…,N’-1},  where  ܵ௞்௫   is given Eqn.(3).  
ࢉ࢔ࡿ																																							  ൌ ᇱܖ܁ሺࢍ࢘ࢇ࢐൫ܘܠ܍|࢔ࡿ|ࢉࢍ ሻ൯                                   (3) 
 
• A discrete Fourier transform (DFT) brings the nonlinearly modified block back to the frequency domain, 

where a shaping operation is performed by a multiplier bank with selected coefficients, {Gk; k=0,1,…,N’-1 
}, so as to obtain the block , with    is given by the Eqn.(4). 

  
ࡲ࡯࢑ࡿ    ൌ ;࢑ࡳࢉ࢑ࡿ ࢑ ൌ ૙, ૚,… ᇱࡺ. െ ૚              (4)	

        
• The final frequency-domain block  ܵ௞்௫  results from by removing the zeros, where   ܵ௞்௫   is  shown in 

Eqn.(5). 
 

;࢞ࢀ࢑ࡿ   ࢑ ൌ ૙, ૚,…… . . ᇱࡺ െ ૚                              (5) 
  

• Appending zeros to each input block prior to computing the required IDFT is a well-known OFDM 
implementation technique, which is equivalent to oversampling, by a factor given in Eqn.(6) below, the 
ideal MC-CDMA  burst. 

 
࢞ࢀࡹ                    ൌ ࡺᇲࡺ ൒ ૚                                        (6) 
 
•  The subsequent nonlinear operation is crucial for reducing the envelope fluctuations, whereas the frequency-

domain filtering using the set given in Eqn.(7) can reduce the resulting spectral spreading (of course, with 
some regrowth of the envelope fluctuations). 
;࢑ࡳ																																											  ࢑ ൌ ૙, ૚, ૛,…… ᇱࡺ, െ ૚                              (7) 

 
The removal of subcarriers with zero amplitude reduces the computational effort and corresponds to 

decimation in the time domain. For a given and a careful selection of , the nonlinear characteristic (for a given 
input level) and the set can {Gk}   ensure small envelope fluctuations while maintaining low out-of-band 
radiation and in-band self-interference levels. When the nonlinear operation is chosen to be an ideal envelope 
clipping, with clipping. 

 

   ݃௖ሺܴሻ ൌ ൜ ܴ,												ܴ ൑ ܵெܵெ,													ܴ	 ൐ ܵெ			                          (8) 

 
It should be mentioned that this wide class of signal-processing schemes includes, as specific cases, schemes 

proposed so far. where the same clipping is adopted when assuming ,the condition in Eqn.(8) with for the in-
band subcarriers, and out-of-band. It should also be mentioned that, for an ideal envelope clipping, the proposed 
signal-processing scheme can be shown to be equivalent to the peak cancellation method.  

A more sophisticated technique, allowing improved PMEPR reducing results, could be simply developed on 
the basis of the signal-processing approach described above. Such a technique consists of repeatedly using, in an 
iterative way, the signal-processing chain which leads from to in Fig.1. The technique proposed in [17] 
corresponds to the particular case where the nonlinear operation is an envelope clipping, and the frequency- 
domain filtering is characterized by for the Gk=0 for the out-of-band subcarriers. 
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IV. RESULTS AND DISCUSSION 
 

A. Definition of PMEPR 

The continuous time signal x(t) represents the sum of all the parallel transmission streams as expressed in 
Eqn.(9). Peak-to-mean envelope power ratio can clearly be recognised through the understanding of the 
individual numerator and denominator expressions. The former specifies the maximum transmitted signal 
squared value, which represents the peak power of the total transmitted MC-CDMA signal. The latter defines 
the average power across the sum of composite time domain signals defined by x(t). The average transmitted 
signal power can be found through the time average expectation of the entire signal power of the combined N 
sub-channels. 

 

ࡾࡼࡱࡹࡼ      ൌ ሻ|૛൧࢚ሺ࢞|ൣࡱሻ|૛࢚ሺ࢞|࢞ࢇࡹ                                        (9) 

   
A ratio is taken between the peak and the average power of the MC-CDMA signal to give a power ratio. 

PMEPR measurement of power ratio is derived from sampled discrete information in the signal information.  
 

B. Maximum PMEPR Plot 

The particular equation of interest is the maximum PMEPR equation defined in Eqn.(4), which specifies the 
worst case PMEPR. The definition of maximum PMEPR is entirely based on the summing of the pulse values 
throughout the pulse interval. The important factor that should be noted is that increasing pulse heights directly 
affects the maximum PMEPR. 

 
C. Cumulative Distribution Function 

The occurrences of peak fluctuations seems to be following CDF in a conventional MC-CDMA  system. The 
CDF of a  probability distribution function evaluated at a number ‘x’, is the probability of the event occurrences 
that  a Random Variable(X) with that distribution is less than or equal to ‘x’. The typical range of PMEPR 
values are shown in Figure 2. 

The behavior of the PMEPR is seen to decrease with increasing ‘n’ which reflects on the increasing 
correlation between subcarriers. The rate of decay in PMEPR plot is reduced as ‘n’ tend to a large value as the 
curves approach a horizontal asymptote. 

For the normalised sine pulse case, the plot of the maximum PMEPR against the shape parameter ‘n’ in terms 
of CCDF for each iteration is illustrated in Figure 3.  

 

 
 

Figure 2  CDF plot of PMEPR 
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TABLE 1 

COMLEMENTARY CUMULATIVE DISTRIBUTIONFUNCTION 

 
 

    
 
 
 
 
 
 
 
 
 

By plotting the maximum PMEPR for a normalised sine pulse, an attractive result was gained. It can be 
observed that the normalisation of sine pulses have brought PMEPR levels lower than the unmodified sine 
pulse. The maximum PMEPR has changed considerably achieving a greater rate of PMEPR reduction per ‘n’. 
This implies that lowering the energy of the pulses has direct impact on the lowering of PMEPR. 

 

 
 

Figure 3   CCDF plots of each iteration 
 

An OFDM modulation with N=64 subcarriers and an M-QAM constellation, with a Gray mapping rule, on 
each subcarrier is considered. The set of multiplying co efficient{Gk; k=0,1,2,…N’-1} has a trapezoidal shape, 
with Gk=1 for the N data subcarriers (in-band region), dropping linearly to 0 along the first (N1-N)/2 out-of-
band subcarriers at both sides of the in-band region, which means N1 nonzero subcarriers. The nonlinear 
operation is chosen to be an ideal envelope clipping .  

On considering the basic, single-iteration signal-processing schemes, Figure 4 is concerned with the 
bandwidth-efficiency issues when using these schemes, with a clipping level of 2.0. A well-known PSD-related 
function was adopted: the so-called fractional out-of-band power (FOBP), defined for a symmetrical PSD. 
Clearly, this clipping can lead to high out-of-band radiation levels.  

However, by using a frequency-domain filtering with Gk=1 for the data subcarriers and 0 for the remaining 
ones (i.e.) we can reduce these levels to those of conventional MC-CDMA. Further reduction is achieved if this 
filtering is combined with the windowing procedure. 

 

No. of 

Iteration 

PMEPR 

(dB) 

SNR 

(dB) 

    0         8.7550          20 

    1         7.5660         19.4 

    2         6.8031         17.4 

    3         4.8830         16.3 

    4         4.1113         15.9 
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Figure 4   PMEPR Behaviour of each iteration 

 
The transmitter employs a power amplifier which is quasi-linear within the range of variations of the input 

envelope, and the coherent detection operates under perfect synchronization and channel estimation. 

On assuming L iterations for two users and an envelope clipping level  with 2.0 , while Gk=1for the in-band 
subcarriers and 0 for the remaining From the Table 1, it is clear that the envelope fluctuations by using the 
iterative technique can be reduced. The maximum envelope can be already close to with just three or four 
iterations. 

 

 
Figure 5   Non-linearity of HPA 

 
D. BER Performance 

The conventional BER performance of a MC-CDMA system without employing the an envelope clipping and 
filtering procedure in an iterative way is approximately   as depicted in figure 6. 

 

 
Figure 6   Conventional BER of MC-CDMA 
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Figure 7   BER  performances of each iteration 

 
On considering the corresponding BER performances on an ideal additive white Gaussian noise (AWGN) 

channel, still with an envelope clipping as the nonlinear operation. As expected, the  required Eb/N0 decreases 
when clipping level is increased, and the BER performances with are already close to the corresponding 
performances with infinite users. However, increased values of subcarriers imply a higher PMEPR, i.e., an 
increased power amplification backoff. 

 Figure 6 shows the BER for each iteration in comparison with required/conventional BER performance. The 
optimum values of clipping level are 2.0 for 4, 2.6 for 16, and3.2 for 64QAM. 

Moreover, these optimum values of clipping levels are almost independent of the frequency-domain filtering 
effort. When not considering the iterative procedure analyzed in chapter 3, where the signal-processing chain is 
repeatedly used which leads from to peak amplitude clipped pulses, so as to provide an additional reduction of 
the envelope fluctuations while preserving a compact spectrum.  

From the Figure 7, the BER performance of MC-CDMA  with this reduction technique reaches the 
conventional MC-CDMA performance of   for increased no. of iteration and degradation in SNR. 

 
V. CONCLUSIONS AND FUTURE RESEARCH 

 
In this work, a problem experienced in the OFDM modulation technique in the MC-CDMA system has been 

studied. The various multiple access techniques that were common in modern communications systems are 
introduced. OFDM modulation was introduced which was a specific form of multiple access technique based on 
FDMA and also discusses how OFDM modulation operates and commences the advantages and disadvantages 
of the modulation scheme. The PAPR problem that is commonly experienced in MC-CDMA signals was 
introduced providing the motivation for an effective solution. 

 Consequently a wide class of digital signal-processing schemes for MC-CDMA transmission which combine 
a nonlinear operation in the time domain, and a linear filtering operation in the frequency domain was presented 
and evaluated. The ultimate goal of these schemes is to reduce substantially the envelope fluctuation of ordinary 
MC-CDMA system, while keeping its high spectral efficiency and allowing a low-cost, power-efficient 
implementation. 

 A detailed evaluation of MC-CDMA signal transmission techniques which employ the signal-processing 
schemes considered here was carried out, involving computations of power spectra, BER performances, and 
achieved PMEPR values. Such evaluation has taken advantage of our statistical characterization of the 
transmitted blocks and included other implementation issues (such as the impact of the time-windowing 
procedures). A set of performance results was presented and discussed, showing that the proposed basic 
schemes can provide a significant PMEPR reduction while keeping a high spectral efficiency.  

The iterative technique based on the basic schemes was shown to allow a further PMEPR reduction, also 
maintaining the spectral efficiency of conventional MC-CDMA, with only a moderately increased 
implementation complexity. When compared with other distortionless  techniques, also capable of reducing the 
PMEPR of MC-CDMA signals, these signal processing techniques involving deliberate nonlinear distortion 
were shown to offer improved performance/complexity tradeoffs, for small constellations and a high number of 
subcarriers.  

The non- linear signal processing scheme has been used to test narrowband and broadband pulses concluding 
that broadband pulses were far superior in reducing PMEPR. Numerical results demonstrate that improvements 
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in PMEPR reduction require certain frequency characteristics of subcarriers pulses. Some of these 
characteristics include: 

• Large main lobe width   
• Low sidelobe peaks  
• High or flat amplitude main lobe responses  

The worst case PMEPR values are obtained through the use of rectangular subcarrier pulses with high 
sidelobe peaks in their response. It is suggested that pulses with relatively low side lobe peaks should be used to 
deviate the worst case scenario. This is because the worst case PMEPR is obtained by using rectangular pulses. 

The non- linear signal processing scheme proves to be a simple approach to PMEPR reduction based on 
modifications to the existing MC-CDMA signal structure. Unlike techniques such as PTS and precoding, non- 
linear signal processing scheme does not require additional implementation complexity, modification in the 
receiver structure or overhead coding at the expense of bandwidth respectively. The non- linear signal 
processing scheme used in this thesis performs well in assisting the study of efficient signal characteristics that 
improve PMEPR reduction.  

A typical scheme of signal processing has been tested in this project. More optimized schemes should be 
tested in order to gain a deeper understanding of other signal characteristics and their effects on the performance 
of PMEPR reduction. 
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