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ABSTRACT 

This paper studies an Orthogonal Frequency Division Multiplexing (OFDM) based wireless 

services employing Radio over Optical Wireless (RoOW) to get a high performance transmission while 

eliminating the drawback of possible radio wave interference to electro-medical apparatus in indoor 

communication system. An optical Intensity-modulated Direct-detection (IM/DD) system using RF 

subcarrier modulation is considered and OFDM RF signals are assumed as the subcarrier. The 

transmission performance is evaluated by simulation considering the influence of peak clip of OFDM 

signal and different radio fading scenarios. Simulation result shows that the modulation index m, optical 

transmit power, radio environments are important factors which affect the communication performance 

significantly. It also shows when the received optical power is larger than -20dBm, which is a very 

practical power level, the value of BER becomes almost independent of the optical power and the radio 

environment becomes more important. That means the indoor optical wireless communication (OWC) 

has high transmission performance and the proposed relay system is a very available system as long as 

the radio environment is eligible. We believe that the proposed system is a practical system and can 

provide a low-cost, high-quality  wireless services for RF sensitive areas.   
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1. INTRODUCTION 

Mobile terminals including wireless voice telephone, mobile internet access, video 

calls and mobile TV have become more and more necessary in our daily life. Right from a 

school going child, a house wife to a servant, the mobile terminals has its major impact on their 

lives [1]. Users want to use them without any spatial constraint because they have become 

indispensable tools. However, the electromagnetic interference with electro-medical apparatus 

generated by using radio frequency (RF) communication becomes a health issue with the 

increasing number of mobile users. In medical facilities, such as hospitals, clinics, and doctor's 

offices, sensitive equipments may malfunction if exposed to high RF powers, possibly 

endangering patients' lives [2]-[4]. Therefore, in medical institutions, mobile phones are 
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required to be turned off except at some special designated places. Similarly, all railroad 

companies demand that mobile phones should be turned off nearby priority seats. However 

there are so many mobile phone users that are difficult to be convinced to turn off their mobile 

phones. 

Optical wireless communication (OWC) system is safe to electro-medical apparatus and can 

keep the convenience of current wireless communications using radio waves. Moreover, OWC 

has features like unlimited license-free bandwidth, cheaper transceivers, high security etc [5]-

[10], which is suitable to RF sensitive service areas. As a feasible application of OWC, we 

propose a relay scheme for an indoor optical wireless communication system tends to provide 

non-RF communication for the last few meters to/from mobile terminals operating in an RF-

sensitive area. It also can provides applications for the dead zones where wireless signal from 

base station cannot reach or is very weak such as tunnel, areas behind buildings or mountainous 

places etc. 

     
                               Fig. 1 Relay System Model 

Orthogonal frequency division multiplexing (OFDM) is one of the most popular techniques 

for high data rate wireless communication and is great interested by the researchers in the 

universities and research laboratories all over the world. It is an effective high speed data 

transmission scheme without using very expensive equalizers and it has been proposed as the 

air interface for broadband wireless applications [11]. OFDM has been accepted in the 

IEEE802.11a  local area network (LAN), IEEE802.16a local area network /Metropolitan area 

network (LAN/MAN), High Performance Local Area Network type 2 (HIPERLAN/2), 

standards, and Mobile Multimedia Access Communication (MMAC) Systems.  OFDM is also 

being considered in IEEE802.20a, a standard in the making for maintaining high-bandwidth 

connections to users moving at speeds up to 60 mph[12], [13]. OFDM is considered a potential 

candidate for the next-generation mobile wireless systems [14], [15]. 

This paper presents an OFDM-Based Wireless Services for indoor RF sensitive area. One of 

the main disadvantages of OFDM is its high peak-to-average power ratio (PAPR) [11] and high 

amplitude peaks may be clipped. This system is quantitatively evaluated considering the peak 

clip.  Moreover, the BER performance is studied in different fading scenarios. 

The remainder of this paper is organized as follows. System model is introduced in section 1. 

The related work is given in section 2 and the system model is discussed in section 3. In 

Section 4, we present the mathematical modeling for the transmission of OFDM signals over 

RoOW link. The analytical results are shown and discussed in Section 5. Finally, Section 6 

concludes the paper. 
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2. RELATED WORK 

There are two methods which can be considered to relay RF signals to mobile terminal inside 

the service area. One is demodulating the information data to baseband signal and use optical 

digital modulation schemes such as on-off-keying (OOK) modulation. However, each mobile 

user in a service area may use different RF broadband due to have a contract with different 

provider. It is difficult to perform the regeneration process at the relay station. Moreover, 

multiple access schemes have to be considered for multiple user case. Another relay method is 

using non-regeneration system. If non-regeneration system is used, only a minimal set of front-

end hardware components is needed in the receiver/transmitter functions at the relay station. In 

this paper, a non-regeneration system is adopted. We propose an optical intensity-modulated 

direct-detection (IM/DD) [16] relay scheme for an indoor optical wireless communication 

system, referred to as Radio over Optical Wireless (RoOW). 

Radio transmission over optical fiber links, referred to as radio-over-fiber (RoF), has been 

viewed as a way of simplifying the architecture of remote antenna base-stations and realizing 

high-performance networks [17]. Similar to RoF, Transmission of RF using OWC link provides 

as a way of simplifying the architecture of relay station. It combines the advantages of high 

transmission capacity enabled by optical device technologies and easy deployment of wireless 

links. By using the proposed RoOW scheme, at the relay station, the received RF signals are 

directly modulated with IM, up-converted into optical band, and propagated as optical signals. 

The RF signal is defined to be RF subcarrier in this paper. The details of the proposed system 

model will be introduced in next section. 

3. SYSTEM MODEL 

In this paper, we propose a relay system using OWC as shown in Figure 1. This model 

proposes to set up a relay station for mobile phone coverage inside medical institutions, trains, 

apartments, etc. It is proposed to keep the present wireless access from base station, and replace 

the radio signal link between the relay station and the mobile terminal with optical wireless 

signals. The conventional RF wireless communication is used between the relay station and the 

base station. For the relay station, the RF transceiver is set up outside the service area, and the 

optical transceiver is set up on the ceiling or the wall inside the service area.  

We propose to use OWC both for downlink and uplink. The wavelength of the optical 

wireless signal used in the downlink is different from the wavelength of optical wireless signal 

used in the uplink. The downlink from the base station to the mobile terminal is established in 

two steps (refer to Figure 1). Firstly the relay station receives RF signals; secondly the received 

RF signals are converted into optical signals and sent to the mobile terminal using light 

emission elements. In the uplink, mobile terminal convert RF signal to optical signals and send 

it to optical receivers inside the room. The RF signals are extracted from the received optical 

wireless signals in the relay station, and then sent to the base station as uplink signals. The RF 

signals sent from the relay station can be sent at a higher power level compared with the RF 

signals sent directly from the mobile terminal to achieve higher transmission quality. Moreover, 

in the downlink, better than RF relay method, if mobile terminal can also receive some RF 

signals from the base station, there are no interference between the RF signals and the optical 

wireless signals due to different transmission band.  
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Since RF signals are not converted to base band signals in the proposed non-regenerative 

relay station, the circuits added to the relay station can be reduced. Therefore, we believe that 

the proposed system using such a combination can save electromagnetic interference with 

electro-medical equipment in the coverage area without changing the present communication 

infrastructure. 

4. Mathematical modelling for the transmission of OFDM signals over 

RoOW link 

We consider an optical IM/DD system using RF subcarrier modulation and OFDM signal is 

assumed as the RF subcarrier signal. The configuration of OFDM signal transmission over 

optical wireless link is shown as Figure 2. An OFDM carrier signal is the sum of a number of 

orthogonal sub-carriers, with baseband data on each sub-carrier being independently modulated 

commonly using some type of quadrature amplitude modulation (QAM) or phase-shift 

keying (PSK). In this paper, QPAK modulation is assumed. A serial data stream of binary digits 

is first multiplexed into parallel streams, and each one mapped to a symbol stream using QPSK 

modulation constellation.  IFFT and FFT are implemented at the transmitter and the receiver 

respectively.  

Fig. 2 Configuration of OFDM signal transmission over optical wireless link. 

4.1 IM/DD optical channel 

In the OFDM transmission system, the data stream is divided into N narrowband data streams, 

N corresponding to the subcarriers. That is to say one OFDM symbol consists of N symbols. 

The amplitude of the OFDM baseband signal at each sample point t=n∆T in the effective 

symbol period is shown as:  
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where n=t/∆Ｔ, ak+jbk is a complex symbol of kth subcarrier after mapping. The OFDM signal 

for N subcarriers, after up-conversion to the wireless service carrier frequency fRF, can be 

written as:  
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In this paper, the signal is assumed to be intensity modulated in a linear area of the light 

emission element. The average absolute value of the amplitude of ak+jbk is assumed to be one.  

The optical transmission signal after fixed direct current (DC) component is added can be 

expressed as [18]: 

 ( ) {1 ( ( ) )}t opt RF RFP t P m S t n= + ⋅ +                  (3) 

Here, Popt represents the average power radiated by the light emission element. nRF is an 

additive white Gaussian noise (AWGN) to the RF signal, and m is the modulation index. When 

m = 0, no modulation of the carrier is performed. The absolute value of mSRF is smaller than 1 

because the optical signal is nonnegative. If mSRF is greater than 1, the carrier is actually cut off 

for some period of time, and unwanted harmonics are created at the transmitter output.  

In this paper, Lambetian radiation intensity pattern is considered. Supposing the considered 

indoor OWC is performed in a relatively large space, reflection light is neglected due to its 

lower energy comparing to line of sight (LOS) light at the receiver side. The intensity optical 

channel of this system is:  
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θ is the angle between the beam central direction and the line between the transmitter and 

receiver. ψ is the angle between the direction vertical to the aspect of the optical detector and 

the line between the optical transmitter and receiver. Rd is the distance between the optical 

transmitter and receiver, AOR is the photosensitive area of the optical detector where the incident 

radiation is collected and converted to an electronic signal. FOV is the angle of field of view. co 

is light speed. ( / )
d o

t R cδ −  is the delayed function due to the signal propagation. rect(x) is the 

rectangular function defined as: 
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Then the received optical power PR at the mobile terminal is given by: 
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Here, Pe is the average received optical power. nRF is the Additive White Gaussian Noise 

(AWGN) at the RF transceiver of relay system, and m is the modulation index.  

Assuming that the DC term Pe can be eliminated at the output of the optical receiver, the 

received information signal Ssig coming from the RF signal is: 

mrPSS esig RF=                           (7) 

Here, r represents the photodetector responsively. The average power of the information 

signal Psig is  

2( )sig s eP P P mr=                 (8) 

where Ps is the average power of signal SRF.  

4.2 Noise model and signal to noise ratio (SNR) analysis 

In this paper, we assume that the noise affecting the optical parts of our system is generated 

at the optical receiver. Here, Avalanche Photo Diode (APD) is assumed to be the optical 

receiver. Shot noise σ
2

shot and thermal noise σ
2

th are considered in our analysis. Both shot noise 

and thermal noise are modelled as additive white Gaussian noise (AWGN) with a double-sided 

power spectral density σ
2
 . The expression of the noise variance is given by 
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Here, (10) includes the shot noise from the background light and the shot noise from the 

optical signal. Each parameter in (10) (11) are described in table 1. 

For the noise of the whole process, it should include the noise generates when the RF signal 

is received and when the optical signal is received. The SNR from the base station to the mobile 

terminal can be shown as: 

opte

es
all

RFmrP

mrPP
222

2

)(

)(

σσ +
=Γ         (12) 

σ
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RF is the noise generated at the relay station when radio signal is received. 

If the SNR of the transceiver of the relay station is defined as Гant,, Ps is given as 
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Form (12)-(13), Гall can be rewritten as:  
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Therefore, the ratio KSNR of Гant to Гall can be expressed as follows:  
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Table1. Parameters of shot noise and thermal noise 

Symbol Quantity Value 

Abg Detector area 1(cm2) 

∆λnb Noise-bandwidth factor 30(nm) 

q Electron charge 1.6×10-19 (C) 

r Photodetector responsively 0.53 (A/W) 

pbg Background irradiance  5.8  

k Boltzmann’s constant 1.374×10-23 (J/K) 

T Temperature 300(K) 

RL Load resistance 240(Ω) 

B Filter bandwidth 1M(Hz) 

 

4.3 Channel model in fading environment  

It is necessary to consider the propagation environment of the RF signal and the indoor optical 

wireless signal because our system is composed of two parts that use an existing RF 

communication and an optical wireless communication. In our paper, assuming people indoor 

are moving slowly and the power of multipath light is very low, we ignore light fading. In 

outdoor radio communications, because the antenna for the RF wave of the relay station is set 

up outside, we may assume that we are having a Rayleigh fading channel or Rice fading 

channel. Kf is defined as the Rice factor [19]. In indoor radio communications, normally we 

consider that we are having a Rayleigh fading channel.  
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Fig. 3 Output Character of LD 

5. Evaluation of characteristics of proposal method by simulation 

According to the study give in the previous section, in order to know the feasibility of the 

proposed system and to analyze the bit error rate (BER), the RF noise ratio compared to the 

entire system noise, the power of the optical signal, the SNR of the RF transceiver and the 

fading environment, the peak clip of OFDM signal must be considered. In this chapter, the BER 

performance considering peak clip of OFDM signal and different radio wave environments is 

evaluated by simulation.  

  PAPR is one of the main drawbacks of OFDM system. Shown as Figure 3, when PAPR is 

high, peak clip will happen and influence the transmission characteristic because RF signal is 

intensity modulated to optical wireless signal.  In this paper, we assume that the positive peak 

of the RF signal is completely modulated to optical signal, and the negative peak will be 

clipped when the threshold is exceeded. If we define the threshold current value of LD (Laser 

Diode) output, the bias current added to the signal, the modulation index  of the intensity 

modulation (refer to function (3)), the amplitude of the OFDM signal as Ath, Ad, m, As, the 

condition that the peak clip does not happen is shown as: 

1 /
s th d

mA A A< −                                   (16) 

 

Table 2 Parameters of simulation 

Number of FFT points 128 

Number of sub channels: ｋ 128 

Length of Pilot 32 

Modulation QPSK 

Symbol rate 250000bps 

Synchronization Perfect 

Channel Estimation Perfect 
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    Figure 4 is the simulation result for Ath/Ad = 0.33 and Pe = -15dBm. The simulation parameter 

is shown in table 2. From Figure 4, it can be confirmed that the BER characteristic improves as 

Гant grows. Moreover, it is clearly shown that m in Equation (3) infects the transmission 

performance very much.  With the increase of m, the BER characteristic can be separated to 

three regions where the BER performance relatively increases, then keep unchanged, finally 

deteriorates. First, as m increases, the BER performance improves since m increases the ratio of 

information signal power to the total optical power. However after m becomes bigger than a 

certain threshold, the BER performance changes slowly because m cannot change the channel 

impairments due to the radio noise generated at RF relay station.  When m is very large, the 

pick clip happens and BER performance is decreased.  

Figure 5 shows the BER performance versus Pe for Гant=10dB. From this figure, we can see 

that the higher value of Kf, the lower values of BER can be obtained. Furthermore, when the 

average optical receiving power Pe is low, the value of BER changes rapidly by change Pe. 

When Pe is larger than -20dBm, the value of BER becomes almost independent of Pe. That is to 

say, the radio environment of the RF transceiver become more important than Pe to BER when 

Pe is larger than -20dBm. 

 

Fig.4 BER via index of modulation (Pe = -15dBm)  

The transceiver of the relay station for RF signals is proposed to be located at a suitable place 

to make it easier to receive the preferable wave from the base station. The SNR of the RF 

antenna at the relay station can be much better than the SNR of the conventional RF antenna at 

our mobile terminal. Here, the SNR of the relay RF antenna is defined as Гant  and the SNR of 

the RF antenna of the mobile terminal is defined as Tm . Figure 6 shows BER performance 

versus received average optical power Pe and SNR for different ratio of Гant to Гm in a Rayleigh 

fading channel when using the proposed relay system and the conventional system. From this 

figure, it is clear that the same as Figure 5, when Pe is bigger than a threshold, the radio 

environment of the RF transceiver become more important than optical link. That is to say, 

when the RF environment is available and the received optical power is big enough, the relay 

system can provide an available communication. It also can be seen that the BER performance 

can be improved by using higher quality RF relay antenna.  
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Fig.5 BER via received average optical power Pe (m=0.001, Гant =10dB) 

 

Fig.6 BER via received average optical power Pe and SNR (m=0.001, Гm=10dB) 

 

6. Conclusion 

In this paper we have proposed a relay system with RF subcarrier based on optical IM/DD 

channel. First, the advantages of using OWC have been described. Second, the concept of 

RoOW has been proposed. Then BER was calculated considering the possible peak clip of 

OFDM signal and different wave environments. Simulation result showed that the modulation 

index m significantly affects the peak clip of OFDM signal. It also showed that optical transmit 

power, radio environments such as Rayleigh fading, Rice fading are important factors which 

affect the transmission performance of the proposed system. It should be noted that when the 

received optical power is larger than -20dBm, which is a very practical power level, the value 

of BER becomes almost independent of the optical power and the radio environment of the RF 

signal become more important. That means the indoor OWC has very high transmission quality 

and proposed relay system is a very available system as long as the radio environment is 

eligible. We believe it can provide practical wireless services for RF sensitive areas.   
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