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Abstract—High Peak-to-Average Power Ratio (PAPR) is a concern
of Orthogonal Frequency Division Multiplexing (OFDM) based
Visible Light Communication (VLC) systems. Discrete Fourier
Transform spread (DFT-s) OFDM is an alternative single carrier
modulation scheme which would address this concern. Employing
channel coding techniques is another mechanism to reduce the
PAPR. In this study, the improvement which can be harnessed by
hybridizing these two techniques for VLC system is being studied.
Within the study, efficient techniques such as Hamming coding and
Convolutional coding have been studied. Thus, we present the impact
of the hybrid of DFT-s OFDM and Channel coding (Hamming
coding and Convolutional coding) on PAPR in VLC systems, using
MATLAB simulations.
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I. INTRODUCTION

V ISIBLE light communications is one of the emerging

wireless communications technologies at present. It is

being considered as an alternative to the Radio Frequency (RF)

communication which has the drawbacks of limited spectrum

and high cost for the spectrum. DFT-s OFDM is a single carrier

modulation scheme which is able to reach higher data rates in

VLC systems. When it comes to OFDM-based systems, high

PAPR is one of the drawbacks, as it would lead the system to

operate in a non-linear range of the power amplifiers in the

system [1]. DFT-s OFDM is capable of reducing the PAPR

compared to other OFDM techniques [2]. However, there are

ongoing studies to investigate techniques to reduce PAPR in

VLC systems further.

There are different techniques which have been

implemented to reduce PAPR in RF wireless communications.

Those techniques can be categorized as Coding, Multiple

Signaling and Probabilistic (MSP), Signal Distortion (SD)

and Hybrid. Coding techniques can be further categorized as

linear block coding, convolutional coding and concatenate

coding with specific techniques such as Hamming coding,
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Traditional convolutional coding with Viterbi decoding and

Reed-Solomon coding with Viterbi decoding respectively.

MSP category includes techniques such as Partial Transmit

Sequence (PTS), Interleaving, Pre-distortion, etc. DFT-s which

is discussed above, is one of the pre-distortion techniques. SD

category includes techniques such as Clipping and filtering,

Peak windowing, etc. Hybrid category includes a combination

of two or more techniques of the previous categories [1].
Some of the above mentioned techniques such as Turbo

Codes under Coding category, PTS, DFT-s OFDM under MSP

category and Clipping under SD category have been already

researched in the VLC domain [3], [4]. In this research work,

it is expected to carry out a simulation-based study on the

impact of combining DFT-s OFDM with Coding techniques,

specifically Hamming coding and Traditional convolutional

coding for a VLC system. By employing channel coding, it

is possible to reduce PAPR while increasing the reliability of

the data transmission, which is another value addition to the

VLC system.

II. SYSTEM DESCRIPTION

A. VLC System Architecture
A VLC system consists of an Access Point (AP), a wireless

channel and a user device. In case the system is bi-directional,

both the AP and the user will have an LED as the transmitting

component and a Photodetector as the receiving component.

The processing unit at the transmitter modulates the signal

and sends the modulated signal through a driver circuit to

the LED lamp. The signals are transmitted by variations in

the illumination of the LED, which is known as Intensity

Modulation (IM). The optical signals travel through the free

space. At the receiver side, the photodiode captures the

intensity of the signal through Direct Detection (DD) and

recovers the original signal with appropriate signal processing

[2], [3], [4].
In this research, it is considered that the input data bits

are first channel coded using either Hamming coding or

Traditional convolutional coding. Then, the output bit stream is

mapped to symbols using Quadrature Amplitude Modulation

(QAM) mapping. Resulting symbols are then modulated

through the DFT-s OFDM modulator. PAPR at the modulator

output is considered for the analysis.

B. Channel Coding Techniques
1) Hamming Coding: Hamming coding is categorized

under the linear block codes. This coding scheme processes
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the input bit stream by dividing the stream into fixed-length

blocks for which a fixed-length code word is generated

using a generator matrix. The receiver detects errors in the

incoming code word based on the syndrome and corrects

the errors according to the identified error patterns. Thus, it

is employed in communication systems as a forward error

correcting technique, which assists in detecting and correcting

errors at the receiver side [5], [6]. However, in this research,

it is expected to prove that in addition to the error correction

capability, this coding scheme is capable of reducing the PAPR

in VLC systems.

2) Traditional Convolutional Coding: Traditional

convolutional coding is also a forward error correction

technique which generates a code word not only based

on the current input bit, but also considering one or more

previous input bits as well. It does not treat the input bit

stream as blocks, but gives a single output code word for

the input bit stream at once. Decoding is done using the

Viterbi algorithm which estimates the transmitted bit sequence

based on the likelihood function. This is also widely used

in communications systems as a forward error correcting

technique [5], [6]. This study demonstrates its capability in

reducing the PAPR in VLC systems.

C. DFT-s OFDM Technique

DFT-s OFDM is a single carrier modulation technique

which has provided low PAPR compared to other

OFDM-based modulation schemes in VLC systems.

Incoming channel coded bit streams are mapped to a

QAM constellation followed by the DFT. The output of

the DFT is further processed by adding zeros, either as

localized or interleaved method. As VLC systems operate

with intensity modulation and direct detection (IM/DD),

the baseband signal modulates the intensity of the light.

Thus, the OFDM baseband signal should be a real signal.

Nevertheless, the processed signal at this stage is a complex

signal, Hermitian symmetry is applied to the zero-added DFT

output to obtain a real signal. This is then subjected to the

OFDM operation, which is the IFFT. In order to minimize

the inter-symbol interference (ISI), a cyclic prefix is added to

the OFDM symbol which results in the final OFDM frame

[2], [3], [4].

III. SIMULATION DETAILS

A. Parameters

The simulations have been carried out for the PAPR

parameter, which is defined as shown in (1):

PAPR =
max{|s(t)2|}
E{|s(t)2|} (1)

The complementary cumulative density function (CCDF)

has been used to analyze the performance of the PAPR for

different scenarios considered. The CCDF will give the insight

of the probability that the PAPR of the OFDM symbols will

be greater than a particular considered value. In order to have

more reliable PAPR plots, carrying out the simulations for a

large number of iterations would be optimum. The number

of iterations which has been considered for the presented

simulations is 10,000.

B. Methodology

Simulation in this study has been done using the MATLAB

software. First, the PAPR performance of DFT-s OFDM is

studied for localized and interleaved methods using 4-QAM

and 16-QAM mapping, without any channel coding technique.

4-point DFT and 16-point IFFT have been considered at

this stage. Then, the study was developed in to Hamming

coding, where the (7,4) and (127,120) coding schemes are

applied prior to the DFT-s OFDM stage. Next, the Traditional

convolutional coding is applied prior to the DFT-s OFDM

stage using the (2,1,2) coder with different outputs as well as

the same outputs. Both the 4-QAM and 16-QAM have been

considered for both the channel coding schemes as well. As

the number of bits are high for these scenarios, 64-point DFT

and 256-point IFFT have been considered.

IV. RESULTS AND DISCUSSION

The generation of PAPR plots for DFT-s OFDM without

channel coding, with Hamming coding and with Traditional

convolutional coding has been generated and the results along

with the discussion is presented in this section.

A. Analysis of Results

According to the plots obtained for DFT-s OFDM

without channel coding, it can be seen that the interleaved

method provides the same or a better PAPR performance

compared to localized method. Further, it can be seen that

PAPR performance degrades for higher modulation schemes

(16-QAM), compared to lower order modulation schemes

(4-QAM). These observations can be seen in Fig. 1. The PAPR

plot for 4-QAM shows a step-wise graph, specially in the

interleaved method. The reason for this observation is that for

the 256 different symbol combinations which may appear as

the input to the 4-point DFT, only 12 distinct PAPR values will

exist for the interleaved method. However, for the same 256

symbol combinations, there will be 71 distinct PAPR values

for the localized method leading to more number of steps in

the PAPR plot.

The next set of simulations were done using the Hamming

coding technique. First, the analysis was done for (7,4)

Hamming codes and it was observed that the PAPR

performance with (7,4) Hamming coding was worse than that

without channel coding. This can be observed in Fig. 2. Thus,

the simulations were redone for (127,120) Hamming code. As

per the simulation plots received, it was able to identify that

the PAPR performance has improved with this higher order

coding scheme. These observations can be seen in Fig. 3.

As the final set of simulations, the traditional convolutional

coding was tested considering a (2,1,2) encoder with 4-QAM

mapping. From the simulation results, it was possible to

identify that the PAPR in the system is further improved

when the two outputs (impulse responses) are not identical.

However, when the two outputs are identical, it can be seen
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that the performance of the convolutional coding degrades

even than when no channel coding was used. Fig. 4 presents

these observations among the three scenarios for both localized

and interleaved methods. Further, the convolutional coding

was changed to (2,1,7) encoder with 4-QAM mapping to see

the effect of the change in constraint length on the PAPR.

Fig. 4 represents the results related to this configuration and

by comparing the two results, it can be concluded that no

significant impact is made to PAPR with the change of the

constraint length in convolutional coding.

(a) 4-QAM

(b) 16-QAM

Fig. 1 PAPR for DFT-s OFDM without channel coding

B. Summary of Results

Table I is a comparison of the PAPR values obtained by the

considered techniques for a CCDF value of 0.01. This clearly

depicts that the PAPR has been improved by implementing

Channel coding techniques.

TABLE I
COMPARISON OF PAPR FOR A CCDF OF 0.01

Technique PAPR(dB)
Localized without Channel coding 9.879

Interleaved without Channel coding 9.643
Localized with (127,120) Hamming Coding 9.35

Interleaved with (127,120) Hamming Coding 9.335
Localized with (2,1,7) Convolutional Coding 9.271

Interleaved with (2,1,7) Convolutional Coding 9.12

(a) 4-QAM

(b) 16-QAM

Fig. 2 PAPR Comparison without channel coding and with (7,4) Hamming
coding

(a) 4-QAM

(b) 16-QAM

Fig. 3 PAPR Comparison without channel coding and with (127,120)
Hamming coding
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(a) Different outputs for Convolutional coding

(b) Same outputs for Convolutional coding

Fig. 4 PAPR Comparison without channel coding, with (127,120) Hamming
coding and (2,1,2) Convolutional coding for 4-QAM

(a) Different outputs for Convolutional coding

(b) Same outputs for Convolutional coding

Fig. 5 PAPR Comparison without channel coding, with (127,120) Hamming
coding and (2,1,7) Convolutional coding for 4-QAM

V. CONCLUSION

This research work has focused on analyzing the impact

on PAPR in DFT-s OFDM-based VLC systems, with the

use of Channel coding techniques. Initially, it has been

identified that when the QAM mapping order is increased,

the PAPR performance becomes worse. During the research,

simulations related to Hamming coding and Convolutional

coding have been considered to quantify the impact on PAPR.

The simulation-based study has shown that Channel coding

techniques are capable of reducing the PAPR, specifically

(2,1,2) and (2,1,7) Convolutional coding being better than

(127,120) Hamming coding. For a CCDF value of 0.01, (2,1,7)

Convolutional coding has shown a reduction of approximately

0.5 dB and 0.6 dB in PAPR and (127,120) Hamming coding

a reduction of approximately 0.3 dB and 0.5 dB, compared to

the scenario where no channel coding is used for interleaved

and localized methods respectively. So, it can be concluded

that the considered channel coding techniques improve the

PAPR performance, while the improvement in localized DFT-s

OFDM seems to be slightly higher than that in interleaved

DFT-s OFDM.

Another observation made during the work was that

(7,4) Hamming coding worsened the PAPR, whereas

(127,120) Hamming coding improved the system performance.

Simultaneously, different outputs (impulse responses) in

convolutional coding improved the PAPR performance,

whereas similar outputs worsened the situation. Thus, it can

be concluded that channel coding can reduce the PAPR issue

in DFT-s OFDM-based VLC systems with careful selection

of parameters related to the coding scheme. However, the

effective data rate in (2,1,2) and (2,1,7) convolutional coding

would get reduced, as the number of parity bits added

during the channel coding is high compared to (127,120)

Hamming coding. Ultimately, the selection of the Channel

coding technique for a particular VLC system should be done

based on the data rate, PAPR and bit error rate requirements

of the relevant VLC application.
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