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Abstract 

In this paper, a comprehensive study has been made to evaluate the performance of a 

Single Carrier Frequency Division Multiple Access (SC-FDMA) based wireless 

communication system. The 2-by-2 spatially multiplexed Turbo encoded SC-FDMA system 

under investigation incorporates Quasi-orthogonal space-time block coding (Q-STBC) 

scheme and three linear signal detection techniques (Equalizers) such as Minimum Mean 

Square Error (MMSE), Zero Forcing (ZF)  and Q-less QR Decomposition under BPSK, 

DPSK, QPSK, DQPSK and QAM digital modulations. In the present simulated system, data 

transmission has been secured with implemented ECB cryptographic algorithm. It is 

noticeable from simulation results that a significant improvement of system performance is 

achieved with the Q-less QR Decomposition based signal detection scheme under QAM 

digital modulation technique. The results also clarify that the system performance 

deteriorates with increase in order of digital modulation and noise power as compared to 

signal power. 
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1. Introduction 

Long-Term Evolution (LTE), a new cellular standard and also referred to as Evolved 

UMTS Terrestrial Radio Access (E-UTRA) has been finalized as Release 8 under 3rd 

Generation Partnership Project (3GPP).  

LTE was commercially deployed in December 2010 with adaptation of orthogonal 

frequency division multiple access (OFDMA) and single-carrier frequency division multiple 

access (SC-FDMA) as a multiple access scheme in the downlink and uplink transmission 

respectively. LTE has a flexible spectrum bandwidth ranging from 1.4 to 20 MHz It is fully 

Internet Protocol based radio access technology that also incorporates the capability to 

support traffic with various levels of  Quality of Services [1].  

SC-FDMA is a variant of OFDM multiple access (OFDMA) in which the encoded data 

symbols of each user are first modulated in the time domain and then DFT-spread across the 

data subcarriers. In OFDMA, the data symbols corresponding to each user are generated in 

the frequency domain and then mapped to a distinct set of subcarriers for transmission over 

the radio channel. In OFDMA, each symbol occupies one subcarrier. However, SC-FDMA 

maps information from each data symbol onto each subcarrier allocated to a given user to 

offer an advantageous gain in frequency diversity. The SC–FDMA enjoys a reduced peak–to–

average power ratio (PAPR) enabling a low–complexity implementation of the mobile 
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terminal. The SC–FDMA is employed along with multiple– input multiple–output (MIMO) 

techniques in LTE in order to further improve coverage and capacity. In SC–FDMA, the 

signal recovery at the base station can be made conveniently using relatively simple 

frequency–domain linear equalization techniques [2, 3]. In 2008, Gilberto et.al., showed 

performance improvement of SC-FDMA in UTRA LTE Uplink  using  Turbo equalization, an 

advanced iterative equalization and decoding technique under  Single Input Multiple Output 

(SIMO) antenna configuration [4]. In 2011, Zhongding et.al, emphasized on the applicability 

of 3 slot transmission scheme based on quasi-orthogonal space-time block codes for 4G 

compatible LTE-Advanced system [5].  

In Global perspective of Advanced wireless communications, it has been known that  on  

30
th
 October 2012, a UK  based Mobile operator Everything Everywhere (EE) first launched  

4G LTE   mobile phone network  in  United Kingdom over its 11 cities  with its service  

available on the Apple iPhone 5  mobile phone. The company’s 4G LTE broadband speeds 

are claimed to be five times faster than 3G data speeds. In November 11,2012, USA based 

Mobile operator Alaska Communications announced that its customers with 4G enabled 

devices (4G LTE smart phones:  HTC One X, Samsung Galaxy S III and Samsung Galaxy 

Note)  will get broadband speeds ten times faster than its current 3G data speeds [6, 7]. 

However, in this paper, an effort has  been made on observing the impact of  implementing  

Q-STBC diversity scheme on performance enhancement of the simulated Turbo encoded SC-

FDMA wireless communalization system which  would provide  some basic idea in physical 

layer of the  existing 4G networking system.   

 

2. Mathematical Model 

In our presently considered spatially multiplexed Turbo encoded SC-FDMA wireless 

communication system, quasi-orthogonal space time block coding scheme has been 

implemented with various signal detection schemes. A brief description is given below. 
 

2.1. Quasi-orthogonal Space-time Block Coding (Q-STBC) Scheme 

Space time  block coding (STBC), an effective and efficient transmit diversity scheme is  

used to combat detrimental effects of wireless fading channels and employed in most current 

commercial wireless systems. As compared to Alamouti STBC and orthogonal STBC coding 

scheme, the quasi-orthogonal STBC scheme has been found to have superior performance 

with achievement of rate-one full-diversity and reduced decoding complexity. Under 

implementation of  Q-STBC scheme, three  consecutive frequency domain  data symbols  X1, 

X2 and X3  are  quasi-orthogonally  space time block encoded and are represented in a 

typically assumed  data matrix, X of Equation(1)  
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Generally, the symbols X1, X2 and X3  and their linear combinations (second rows of data 

matrix X) are processed   separately in three blocks of  M symbols each as M-point  FFT 

operation is done on digitally modulated symbols prior to Q-STBC encoding scheme. The 

data symbols and their Q-STBC encoded symbols are mapped onto M consecutive subcarriers 

and converted into time domain signal by N-point IFFT to transmit from the first and second 

(1) 
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antenna respectively [5]. With signal detection and equalization technique, the transmitted 

frequency domain signals from each of the two antennas are detected. The detected signals 

are processed furthermore to recover data symbols. 
 

2.2.  Signal Detection Schemes 

Linear signal detection scheme treats all transmitted signals as interferences except for the 

desired stream from the target transmitting antenna. The spatially –multiplexed transmitted 

user data (digitally modulated signal) in OFDM block and the corresponding received signals 

are represented by x=[x1, x2]
T 

and y=[y1,y2]
T 

respectively, where xi and yi  denote the transmit 

signal from ith  transmitting antenna   and  the received signal  at the jth receiving antenna 

respectively.  Let nj denote the white Gaussian noise with a variance of n
2
 at the jth 

receiving antenna and hi denote the ith column vector of the channel matrix H. The received 

signal y for the 2 x 2 MIMO MCCDMA systems can be represented as 

 

2211 hhHxy xxn   (2) 

                                                                        

          where, n  = [n1, n2R]
T
 

 

As the interference signals from other transmitting antennas are minimized or nullified in 

the course of detecting the desired signal from the target transmitting antenna, the detected 

desired signal from the transmitting antenna with inverting channel effect by a weight matrix 

W is given by  

 

Wyxxx
T  ]~,~[~

21  (3) 

 

2.2.1. Minimum Mean Square Error (MMSE) Scheme: In Minimum mean square error 

(MMSE) scheme, the MMSE weight matrix is given by 

 

H

n

H

MMSE HIHHW
12

)(   (4) 

 

and  the detected desired signal from the transmitting antenna is given by 

 

yWx MMSEMMSE 
~  (5) 

  

2.2.2. Zero-Forcing (ZF) Scheme: In Zero-Forcing (ZF) scheme, the ZF weight matrix is 

given by 

 
HH

ZF HHHW 1)(   (6) 

 

and the detected desired signal from the transmitting antenna is given by [8].  
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yWx ZFZF 
~  (7) 

2.2.3. Q-Less QR Decomposition Scheme: With Q-less QR Decomposition scheme, the 

detected desired signal x~  from the transmitting antenna can be found based on the least 

squares approximate solution to yxH ~~*
~

  where, H
~

 and y~   are the channel matrix and 

received signal respectively.  From  H
~

 channel matrix, an upper triangular matrix R
~

 of the 

same dimension as H
~

 is estimated and using the following steps, the detected desired signal 

x~  is computed [9].  
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(8) 

 

3. System Model 

The block diagram of the simulated SC-FDMA based system model is shown in Figure 1. 

The input binary bit stream is at first encrypted using ECB cryptographic algorithm [10] and 

channel   encoded using turbo coding scheme [11]. The turbo encoded bits are interleaved for 

the minimization of burst error. The interleaved and channel encoded bits are digitally 

modulated using BPSK, DPSK, QPSK, DQPSK and QAM [12]. The Digitally modulated 

symbols are then applied to M-point FFT block of size 680. To avoid potential inter-carrier 

interference introduced by multipath fading channels, STBC coding is applied after the M-

point FFT block. The 3-time-slot duration is corresponding to the interval transmitting 3 

blocks of modulation symbols with each block size M (680). The STBC coding block, 

together with the subsequent subcarrier mapping blocks, will map the 3 M symbols to a two-

dimensional (in frequency and time domains) transmission matrix for each of the two 

antennas. Each OFDM block of size 1024 is then fed into IFFT section. To mitigate the 

effects of inter-symbol interference (ISI) caused by channel time spread, each block is 

typically preceded by a Cyclic Prefix (CP). The spatially multiplexed complex signals are 

then transmitted from each of the two transmitting antenna. At the receiver side, the 

transmitted signals are detected using channel equalization schemes. The detected signal is 

then processed with removal of CP. Now, the signal is sent up to the FFT section where 

demodulation occurs resulting in production of an output which is parallel to serially 

converted and processed for digital demodulation, de-interleaving, channel decoding and 

decryption. Eventually, the transmitted bit stream is retrieved. 
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Figure 1. Block Diagram of an SC-FDMA based Wireless Communication 
System 

 

4. Results and  Discussion 

The achievable BER performance of the secured 22 Single Carrier Frequency Division 

Multiple Access (SC-FDMA) based wireless communication system with the parameters 

presented in Table 1 has been evaluated by computer simulations. It is assumed that the 

channel state information (CSI) is available at the transmitter side and the fading process is 

approximately constant during each transmitted signal. 

Table 1. Summary of the Simulated Model Parameters 

No. of bits used  2040 

Antenna configuration 2-by-2   

Channel Coding /Decoding Turbo Coding / Max-Log-MAP decoding 

Modulation BPSK, DPSK, QPSK, DQPSK and QAM 

No. of  OFDM sub-carriers 1024 

Spreading Code Walsh-Hadamard  

Signal Detection Scheme Mean square error (MMSE), Zero-forcing (ZF) 

and Q-less QR decomposition 

CP length 103 

Channel AWGN and Rayleigh fading 

Cryptographic algorithm Electronic Code Book(ECB) 

Signal to noise ratio, SNR 0 to10 dB 
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The simulation results are represented in terms of signal to noise ratio (SNR) and bit error 

rate (BER).  

 

 

Figure 2. BER Performance of a Turbo Encoded SC-FDMA based System 
Incorporating MMSE, ZF and Q-Less QR Decomposition based Signal 

Detection Schemes under QPSK digital Modulation 
 

In Figure 2, it is noticeable that the QPSK digitally modulated SC-FDMA system adopting 

Q-Less QR decomposition and MMSE signal detection schemes provides quite remarkable 

and worst performance respectively. For a typically assumed SNR value of 2 dB, the 

estimated BER values are 0.0139 and 0.2981 and the system performance is improved by 

13.31 dB. Figure 2 also illustrates that the system with Q-Less QR decomposition based 

signal detection scheme provides better performance as compared to ZF signal detection 

scheme under QPSK modulation.  

 

 

Figure 3. BER Performance of a Turbo Encoded SC-FDMA based System 
Incorporating MMSE, ZF and Q-Less QR Decomposition based Signal detection 

Schemes under DQPSK Digital Modulation 
 



International Journal of Advanced Science and Technology 

Vol. 50, January, 2013 

 

 

7 

 

In Figure 3, it is remarkable that the DQPSK digitally modulated SC-FDMA system shows 

a significant performance gap with Q-Less QR decomposition and MMSE signal detection 

schemes. Under such situation, the system shows robust and worst performance in case of Q-

Less QR decomposition and MMSE signal detection schemes. The estimated BER values are 

0.0079 and 0.3654 at a particular SNR value of 4 dB and the system performance is improved 

by 16.65 dB. Figure 3 also justifies that the system with Q-Less QR decomposition based 

signal detection scheme provides better performance as compared to ZF signal detection 

scheme under DQPSK modulation. 

 

 

Figure 4. BER Performance of a Turbo Encoded SC-FDMA based System 
Incorporating MMSE, ZF and Q-Less QR Decomposition based Signal 

Detection Schemes under BPSK Digital Modulation 
 

In  Figure 4, it is observable  that  the performance of  BPSK digitally modulated SC-

FDMA system is not well discriminable under  Q-Less QR decomposition  and ZF signal 

detection  schemes at low SNR value area. The system shows satisfactory and worst 

performance in case of Q-Less QR decomposition and MMSE signal detection schemes under 

such situation with assumption of SNR value of 3 dB, the estimated BER values are 0.0033 

and 0.0929 which is indicative of system performance improvement by 14.49 dB 
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Figure 5. BER Performance of a Turbo Encoded SC-FDMA based System 

Incorporating MMSE, ZF and Q-Less QR Decomposition based Signal 
Detection Schemes under DPSK Digital Modulation 

 

In Figure 5, it is seen that the DPSK digitally modulated SC-FDMA system with 

adaptation of Q-Less QR decomposition and MMSE signal detection schemes gives most 

acceptable and worst performance respectively. The estimated BER values for a typically 

assumed SNR value of 5 dB are 0.0116 and 0.0355 and the system performance is improved 

by 4.85 dB. Figure 5 also signifies that the system with Q-Less QR decomposition based 

signal detection scheme provides better performance as compared to ZF signal detection 

scheme under DPSK modulation. 

 

 

Figure 6. BER Performance of a Turbo Encoded SC-FDMA based System 
Incorporating MMSE, ZF and Q-Less QR Decomposition based Signal 

Detection Schemes under QAM Digital Modulation 
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In Figure 6, it is observable that the performance of QAM digitally modulated SC-FDMA 

system under three channel equalization schemes is well discriminable. The SC-FDMA 

system with implementation of Q-Less QR decomposition and MMSE signal detection 

schemes shows most significant and worst performance respectively. In such case, the 

estimated BER values are 0.0065 and 0.2026 at SNR value of 2 dB which implies that the 

system performance is improved by 14.93 dB. Figure 6 is also implies  that the system with 

Q-Less QR decomposition based  signal detection scheme  provides  better  performance as 

compared to ZF signal detection scheme under QAM modulation. 

 

 

Figure 7. BER Performance of a Turbo Encoded SC-FDMA based System 
Incorporating Q-Less QR Decomposition based Signal Detection Scheme 

under Various Digital Modulation Techniques 
 

In  Figure 7, it  is found that  the Q-Less QR decomposition scheme based SC-FDMA 

system provides quite satisfactory and worst performance in QAM and DPSK digital 

modulations. The estimated BER values are 0.0065 and 0.1228 at a typically assumed SNR 

value of 2 dB which is indicative of system performance improvement by 12.76 dB. Figure 7 

also confirms that the system performance in QAM digitally modulated system is acceptable 

as compared to other digital modulation techniques. 

 

5. Conclusion 

In this paper, simulation results for an STBC transmission scheme based Turbo encoded 

SC- FDMA Wireless Communication System on synthetically generated bit stream is 

presented. In the context of system performance, it can be concluded that the implementation 

of QAM digital modulation technique with Q-less QR Decomposition based signal detection 

technique provides satisfactory result for Turbo encoded SC- FDMA Wireless 

Communication System. 
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