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Abstract 

Orthogonal Frequency Division Multiple Access (OFDMA) has gained prominence in dealing with fading channels and has been 
employed in several applications. However, it suffers from high Peak-to-Average Power Ratio (PAPR) which makes it 
undesirable in systems involving nonlinear components. Single Carrier Frequency Division Multiple Access (SC-FDMA) is a key 
contender to OFDMA due to its advantage of low PAPR. In this paper, we compare the performance of OFDMA and SC-FDMA 
in terms of Bit Error Rate (BER) and PAPR to show that the latter one proves to be a better scheme in both the parameters. A rate 
½ convolutional code is introduced in SC-FDMA to further improve its BER. 
 
Keywords: Orthogonal Frequency Division Multiple Access (OFDMA), Single Carrier Frequency Division 
Multiple Access (SC-FDMA), Peak-to-Average Power Ratio (PAPR), Bit Error Rate (BER). 

1. Introduction 

Multipath propagation in wireless communications leads to fading which significantly degrades the system 
performance. Fading can be frequency-flat or frequency-selective. Frequency-flat fading channels can be easily 
equalized whereas tackling a frequency-selective fading channel is still a challenge [1]. One way to mitigate the 
frequency-selective fading seen in a wide band channel is to use a multicarrier technique which subdivides the entire 
channel into smaller sub-bands or subcarriers [2]. 
 

Orthogonal Frequency Division Multiplexing (OFDM) is one such multicarrier modulation technique 
which uses orthogonal subcarriers to convey information. In the frequency domain, since the bandwidth of a 
subcarrier is designed to be smaller than the coherence bandwidth, each sub channel is seen as a flat fading channel 
which simplifies the channel equalization process. In the time domain, by splitting a high-rate data stream into a 
number of lower-rate data stream that are transmitted in parallel, OFDM resolves the problem of ISI in wide band 
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communications. OFDM has been adopted as a modulation of choice by many wireless communication systems 
such as wireless LAN (IEEE 802.11a and 11g) and DVB-T (Digital Video Broadcasting-Terrestrial). However, it 
suffers from several drawbacks, important among which, is high Peak-to-Average Power Ratio (PAPR) which 
degrades the transmit power efficiency. These are inherited by the multiple access technique based on OFDM, 
termed as Orthogonal Frequency Division Multiple Access (OFDMA) [3]. 
 

Single carrier frequency division multiple access (SC-FDMA), which utilizes single carrier modulation and 
frequency domain equalization, is a technique that has similar performance and essentially the same overall structure 
as those of OFDMA system. One prominent advantage over OFDMA is that the SC-FDMA signal has lower PAPR 
because of its inherent single carrier structure. SC-FDMA has drawn great attention as an attractive alternative to 
OFDMA, especially in the uplink communications where lower PAPR greatly benefits the mobile terminal in terms 
of transmit power efficiency. SC-FDMA has been adopted for the uplink multiple access scheme for the 3rd 
Generation Partnership Project (3GPP) Long Term Evolution (LTE), or Evolved UTRA [4]. 
 

In this paper, BER and PAPR performance of SC-FDMA is compared with OFDMA. A rate ½ convolution code 
is applied to SC-FDMA and the changes are analyzed. Section 2 gives an overview of SC-FDMA. The system 
design implementation is described in section 3. The simulation results of BER and PAPR analysis is given in 
section 4. Section 5 presents the conclusion the present work. 

 

2. Overview of SC-FDMA 

2.1 Orthogonal Frequency Division Multiplexing (OFDM) 

Multicarrier modulation is the main idea in OFDM. The basic idea has been introduced and patented in the 
mid 1960’s. The available bandwidth W is divided into N� number of sub bands, commonly called subcarriers, each 
of width ∆� �/��. In fact, instead of transmitting the data symbols in a serial way, at a baud rate 	, a multicarrier 
transmitter converts the data stream into parallel data and the symbol duration for each multicarrier scheme is 
� � ��/	. 

The multicarrier signal can be written as a set of modulated carriers: 

��� � � �� ��,�Ψ�� � �
������
��� �� 

��� 							�1� 
 
Where ��,� is the data symbol modulating the # th subcarrier in the � th signalling interval. 
In an OFDM system, the incoming data stream is grouped into blocks of �� data symbols. These are OFDM 

symbols and would be represented by a vector �� � $��,�, ��,�, ………… . �����,�'																�2� 
 
Then, an IDFT is performed on each subcarrier and a cyclic prefix of length ��) will be added.  
 

 
Fig 1 Basic OFDM System 
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2.2 Orthogonal Frequency Division Multiple Access (OFDMA) 

 
OFDMA is an OFDM-based multiple access scheme that was first proposed for the return channel in 

Community Antenna Television (CATV). In OFDMA all the available sub-carriers are grouped into different sub-
channels that are assigned to distinct users. It takes advantage of the orthogonally among sub-carriers to avoid 
interference between users, thereby achieving greater flexibility and efficiency in the allocation of system resources. 
Each sub-channel may be compounded of adjacent localized sub-carriers (Localized FDMA, LFDMA) or by sub-
carriers distributed across the total bandwidth (Distributed FDMA, DFDMA). A particular case of DFDMA is 
Interleaved FDMA (IFDMA) in which the sub-carriers are equally spaced over the entire system bandwidth. 
 
In fig 2, four users are multiplexed following the localized scheme, thereby the entire system bandwidth is divided 
into four different sub-bands. 
 

 
Fig 2 User Allocation Example in OFDMA 

 
Due to the fact that it combines scalability, multi-path robustness, and Multiple-Input Multiple-Output 

(MIMO) compatibility, OFDMA has been adopted in 802.16 (WiMAX) standards and in the Long Term Evolution 
(LTE) for the Universal Mobile Telecommunications System (UMTS) specifications. However, the OFDMA (and 
OFDM) waveform exhibits very pronounced envelope fluctuations, resulting in a high PAPR. Because of this 
drawback, OFDMA requires expensive linear power amplifiers, which in turn increases the cost of the terminal and 
reduces its autonomy, as the battery drains faster. 

 
 

2.3 Single Carrier Frequency Domain Equalization (SC-FDE) 

 
Traditionally, for single carrier transmissions, equalization is performed in the time domain provided the 

channel impulse response in time domain is not too long. For broadband multipath channels, this condition is not 
fulfilled and subsequently, conventional time domain equalizers are impractical due to the high computational cost 
they imply. In this case, SC-FDE technique is used to fight the frequency-selective fading channel. It outperforms 
the conventional Time-Domain Equalization (TDE) as the former exhibits a lower complexity that grows with the 
number of symbols of dispersion. Thus, FDE is an effective technique for high data rate wireless communications 
systems suffering from very long ISI. 
 
 

A SC-FDE system shares some common elements with OFDM as depicted in fig 3. These similarities allow 
the coexistence of SC-FDE and OFDM modems, that is, an equipment ma he able to operate with any of these 
transmission techniques. In an SC-FDE system, information bits are grouped and mapped into a complex symbol 
belonging to a given complex constellation. 
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Fig 3 Transmitter and Receiver for SC-FDE 

 
The sequence of modulated symbols is divided into data blocks and transmitted sequentially. Each of those 

data blocks is cyclically extended with a copy of the last part of the block (i.e., a Cyclic Prefix - CP), which is 
transmitted as a guard interval. The insertion of the CP has similar advantages to those already described in OFDM. 
First, if the length of the CP is longer than the length of the channel impulse response, then, Inter-Block Interference 
(IBI) due to multipath propagation is avoided. Second, the transmitted data propagating through the channel can be 
modeled as a circular convolution between the channel impulse response and the transmitted data block. This 
becomes a point-wise multiplication of the DFT samples in the frequency domain. Thus, channel distortion can be 
removed dividing the DFT of the received signal by the DFT of the channel impulse. This frequency domain 
equalization is performed at the receiver after transforming the received signal to the frequency domain by applying 
a DFT. After the equalization, an IDFT transforms the single carrier signal back to the time domain. Unlike OFDM, 
where a separate detector is employed for each subcarrier, a single detector recovers the original modulation 
symbols in this case. In brief, SC-FDE performance is similar to that of OFDM with essentially the same 
complexity, even for long channel delay. However, there are several advantages when it is compared to OFDM: 

 
• It is less sensitive to nonlinear distortion. 
• It offers a greater robustness against spectral nulls. 
• It is less sensitive to carrier frequency offset. 

 
On the other hand, its main disadvantage with respect to OFDM is that neither channel-adaptive subcarrier bit nor 

power loading are possible with this transmission technique. 
 

2.4 Single Carrier Frequency Division Multiple Access (SC-FDMA) 

SC-FDMA is an extension of SC-FDE that allows multiple access with a complexity similar to that of OFDMA. 
Both technologies use almost the same transceiver blocks, being the DFT pre-coding and inverse pre-coding stages, 
which are added in SC-FDMA at transmitter and receiver ends. SC-FDMA has better capabilities in terms of 
envelope fluctuations of the transmitted signal and, therefore, its PAPR is lower than in OFDMA. That leads to 
greater efficiency in power consumption, a desirable feature in user equipment. In addition, SC-FDMA complexity 
focuses on the receiver-end. Hence, it is an appropriate technology for uplink transmission since complexity at the 
base station is not an issue. Due to these features, SC-FDMA was chosen as the medium access technique for 3GPP 
LTE uplink.  

 
Fig 4 User Allocation Example in SC-FDMA 



Shrishail Bhat, IJRIT  270 
 

 
In figure 4, four users are multiplexed following the localized scheme, thereby the entire system bandwidth is 

used by the users in different instants. Note that, in OFDMA, each data symbol modulates a single sub-carrier 
whereas in SC-FDMA it modulates the whole allocated wideband carrier. Thus, the modulated symbols are 
transmitted sequentially over air and the final transmitted signal is a single carrier one unlike OFDMA where the 
final signal is compounded of the superposition of the allocated sub-carriers. Both techniques transmit the same 
amount of data symbols in the same time period using the same bandwidth. However SC-FDMA symbols are 
transmitted sequentially over a single carrier as opposed to the parallel transmission of OFDM/OFDMA over 
multiple carriers. Also, the users are orthogonally multiplexed and de multiplexed in the frequency domain, which 
gives SC-FDMA. 

 

3. System Design and Implementation 

The following algorithm is employed in the simulation of BER analysis and PAPR analysis of OFDMA: 
 
Step 1: Generate a random data 
Step 2: Perform BPSK modulation and pulse shaping 
Step 3: Implement IFFT and insert cyclic prefix 
Step 4: Add AWGN to the transmit sequence 
Step 5: Remove cyclic prefix and implement FFT 
Step 6: Perform BPSK demodulation 
Step 7: Calculate BER and PAPR of the received data 
 

4. Simulation Results 

4.1 BER Analysis 

The BER is calculated for different SNR and the results are plotted. The Doppler spread is taken as 
Fd=0.01. The results obtained are plotted as shown in Fig 5. The code gain in OFDMA is higher for a particular 
BER than that in SC-FDMA.  

 

 
Fig 5. BER vs SNR plot for SC-FDMA and OFDMA for different number of subcarriers 

 

4.2 PAPR Analysis 

The PAPR of SC-FDMA is compared with that of OFDMA for different numbers of subcarriers and the 
CCDF of PAPR is plotted as in Fig 6. In OFDMA, the increase in the number of subcarriers worsens the PAPR, 
whereas in SC-FDMA, it does not cause a considerable change. 
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Fig 6 CCDF of PAPR of SC-FDMA and OFDMA for different number of subcarriers 

 

4.3 Convolutional Coding 

A rate ½ convolutional code is applied to SC-FDMA and OFDMA and the BER is plotted as shown in figure 7. 
The BER performance is compared with that without coding. It is observed that the performance improves with the 
introduction of coding. 

 
Fig 7 BER of SC-FDMA and OFDMA with and without coding 

 
 

5. Conclusion 

In this paper, a BER performance and PAPR performance of SC-FDMA was evaluated and compared to that of 
OFDMA using MATLAB as simulation tool. A rate ½ convolutional code was introduced and the results compared 
with the uncoded schemes. It was found that as the channel fading increases, it also increases the requirement for 
number of FFT subcarriers to make the channels immune to fading, thus improving BER performance. But it was 
observed that as the number of subcarriers increased, there was a substantial increase in the PAPR for OFDMA 
scheme, but for SC-FDMA, there was a relatively less deterioration in the PAPR performance for the same BER 
requirements. We also observed that the introduction of coding improves the BER performance of both OFDMA 
and SC-FDMA, but the PAPR remains untouched. Hence we conclude that coded SC-FDMA is a better contender 
for applications requiring a better BER performance and lower PAPR. 
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