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Abstract-Single-carrier frequency domain equalization (SC
FDE) and orthogonal frequency division multiplexing (OFDM) 
are two attractive technologies for visible light communications 
(VLC). In this paper, we analyze the two schemes in VLC 
system with direct current (DC) biasing. We investigate the bit 
error rate (BER) performance of SC-FDE and OFDM schemes 
with a memory nonlinear light-emitting diode (LED) model in 
a simulated indoor scenario. The system performance between 
both schemes and the impact of LED nonlinear distortion are 
compared and discussed. We through numerical simulations 
found that the OFDM scheme exhibits a better BER performance 
compared to SC-FDE scheme although having a higher peak-to
average power ratio (PAPR) 
血ex Terms-single-carrier frequency domain equalization 

(SC-FDE),orthogonal frequency division multiplexing (OFDM), 
visible light communication (VLC), nonlinear LED model 

I. INTRODUCTION 

The employment of white LEDs enables both illumination 
and communications at the same time. High-speed Visible 
Light Communications (VLC) based on these mass-market 
white LEDs is referred as a promising new green communica
tion technology because of the numerous advantages, includ
ing excellent coverage, worldwide available and unlicensed 
bandwidth, and zero interference with existing radio systems. 
Therefore, it is expected to play an important role in the future 
indoor wireless data networks and the coming (beyond) fifth 
generation (5G) communication [l], [2]. 

However, the very limited bandwidth (typical a few MHz) 
and the inherent nonlinear characteristics of LED are crucial 
factors that affect the practical efficiency of VLC systems 
[3], which distort the signal and degrade system performance, 
especially affect the BER performance. Fortunately, the feasi
bility of numerous approaches to enhance the bandwidths [4], 
[5] and the modeling of LED nonlinearity [6-8] for mitigat
ing the distortion has been proposed and some outstanding 
performance have been achieved. In order to obtaining a 
better performance and high data rates, various methods are 
adopted for modulating the optical signals in VLC system. 
The amplitude modulation such as On-Off Keying (OOK) and 
Pulse-position modulation (PPM) are predominantly used in 
VLC for that they are not sensitive to nonlinearity, so they are 

regularly used to mitigate the impact of the distortion caused 
by nonlinearity but with the disadvantages of inter symbol 
interference (ISi) and low data rates [3]. 

With the problems mentioned previously, paper [9] first pro
posed the use of orthogonal frequency division multiplexing 
(OFDM) for VLC system and which has been recently adopted 
as an effective solution to mitigate the detrimental effect of 
ISi for VLC systems. However, the VLC systems usually 
employ intensity modulation and direct detection (IM几）D) 
technique for its simplicity : a photo detector (PD) at the 
receiver is employed to detect the signal directly and convert 
the optical power signal into electrical signals but the signal 
transmitted with the form of optical power must be a real and 
positive value [10]. Therefore, the classical complex OFDM 
signal must be modified and converted into real to be suitable 
to VLC systems. Thus, several VLC-OFDM schemes such 
as direct current (DC)- biased optical orthogonal frequency 
division multiplexing (DCO-ODFM) [11,12] and asymmetri
cally clipped optical OFDM (ACO-OFDM) [13] have been 
proposed in order to meet the requirement. However, OFDM 
systems have an inherent high peak-to-average power ratio 
(PAPR). Compared with OFDM system, the single-carrier 
frequency domain equalization (SC-FDE) system has a much 
smaller PAPR of the transmitted signal [14,15], it is regard 
as an alternative to OFDM due to the robust to ISi with 
low complexity and much smaller PAPR. In this paper, we 
will introduce the implementation of basic OFDM and SC
FDE schemes with DC biasing in VLC systems. Based on 
a memory nonlinear LED model and the channel impulse 
response (CIR) of a simulated indoor empty room scenario, 
we analyze the PAPR theoretically and make a comparison 
of BER performance between the two schemes. We also 
analyse the impact of LED nonlinear distortion with numerical 
simulation results. 

The remainder of this paper is organized as follows: Section 
II is the basic system model, including the OFDM and SC
FDE schemes in VLC system, the numerical LED nonlinear 
model, channel model and noise model. Section ill compares 
the PAPR and BER performance and analysis of simulation 
results. Finally, we concluded the paper in Section IV. 
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