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ABSTRACT 
BACKGROUND: The internet traffic growth led to increase in demand for high data rates and bandwidth. The Optical Orthogonal 
Frequency Division Multiplexing (O-OFDM) has been considered as an enthusiastic topic of research today. OFDM is a multi-
carrier-modulation (MCM) which is considered as a special case of FDM technology. OBJECTIVE: Dual polarization Optical OFDM 
system is computer-generated with Optisystem V14.0 program. This paper provides an investigation of dual polarization O-OFDM 
system using different values of effective area of the optical fiber and observes its effect on the bit error rate of the system, on the 
other hand using cyclic prefix length to eliminate the effect of ICI and ISI. RESULTS: The best transmission performance (best 
BER) at a length of 1000Km of optical fiber of the system is at an effective area of 150 µm2 and at a cyclic prefix of 1/32 (3.125%). 
CONCLUSION: As the effective area increased the system achieves the best BER. 
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INTRODUCTION 

 

For the past thirty years, Orthogonal Frequency Division Multiplexing (OFDM) has been extensively used 

by high speed digital communications. The initial complications of OFDM implementation are many; such as 

high speed memory and massive complex computation which are attributed to Digital Signal Processing (DSP) 

and the Very Large Scale Integrated circuit (VLSI) that is considered as an operative technologies [1]. Optical 

Orthogonal Frequency division Multiplexing (O-OFDM) is a mixture of modulation and multiplexing format for 

high capacity transmission systems. [2] 

The Fiber to the home is the future evidence access technology including video, voice and data in single 

connection[3]. An effective increase of attention in OFDM from optical communication community has recently 

observed. Optical OFDM (O-OFDM) was proposed as an striking modulation scheme for long-haul 

transmission either in or in direct detection or coherent detection[4]. The Coherent optical (CO-OFDM) has 

been widely studied because of its advantages such as low required sampling rates, high spectral efficiencies, 

and flexible bandwidth allocation and scalability [5]. 

 

Theory: 

The main two subjects discussed in this paper are the cyclic prefix and the effective area, these two 

parameters are presented below. 
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Cyclic Prefix: 

In telecommunication the word Cyclic Prefix (CP) refers to copying the end of the symbol and sending it at 

the beginning in the transmitter part [6]. 

At the receiver this added part will be removed, the cyclic prefix length must be greater than the maximum 

delay spread produced by dispersion tmax, the main purpose of using CP is to provide robustness to the OFDM 

signal and to reduce the effect of ISI, the CP length Tcp should be chosen greater than the delay spread Δt to 

eliminates the ICI and ISI effects as shown in equation (1):   

Tcp< DL 
𝒄

𝒇𝟐
 
𝑹

𝒎
 (1+rcp)                                                                                       (1) 

Where tcp is the duration of CP, D is chromatic dispersion in ps/nm/km, L is fiber length in km, c is the 

speed of light, f is frequency of optical carrier in Hz, R is data rate, m is bits per symbol number, rcp is referring 

to the ratio of CP length [7]. The disadvantage of adding the cyclic prefix is the information loss from the 

reduction of Signal to Noise Ratio (SNR) due to bits lost in the location of the added part of the symbol, as 

shown in equation (2). 

SNRloss= −𝟏𝟎𝐥𝐨𝐠(𝟏 −
𝑻𝒄𝒑

𝑻
)                                                                                     (2) 

Where Tcp is the cyclic prefix and T data symbol length, the CP should not be larger than needed to 

minimize the SNR loss. Reduced Guard Interval (RGI) in Co-OFDM systems achieve less ICI because shorter 

symbol durations are utilized [8,9], if the CP length is high it takes higher energy for transmission but ,it doesn't 

carry any data and this leads to a degradation in the performance of the system, on the other hand if the CP 

length is undersized it can't compensate dispersion effects [6]. 

 

Effective Area: 

The intensity of the electromagnetic field in the medium is dependent on the nonlinear effects of the fiber. 

Effective area (Aeff ) is one of the most important optical property of the fiber which describes the power density 

and affected the nonlinear effects in the fiber strongly. Aeff of the fiber is calculated by using the following 

equation [10]. 

Aeff = 
𝟐𝝅[∫ |𝛙|(𝒓)|𝟐𝐫𝐝𝐫]𝟐

∞
𝟎

∫ |𝛙|(𝒓)|𝟒𝐫𝐝𝐫
∞
𝟎

                                                                                   (3) 

Where ψ (r) is the modal field distribution and r is the radius r from the central longitudinal axis of the 

fiber.  

The fiber with ultra large effective area (150 µm2 ) is used to reduces nonlinearities, it have low attenuation 

to reduce the loss of the signal and enable the launch of higher signal power into the span [11], the effective area 

is shown in figure (1). 

                                                         
Fig. 1: Effective area of the optical fiber. 

 

Methodlogy: 

O-OFDM system design is performed by using @Optiwave 14.0 [12] system software platform; this 

software is used to offer the optical fiber channel and its effect on the communication system. The proposed 

Dual Polarization Optical OFDM (DP-O-OFDM) system block diagram is shown in figure (2) which consists of 

the O-OFDM transmitter, which comprises of the BER test set to generate the data bits and performs direct error 

counting, a serial to parallel converter which converts the input bit sequence into two outputs sequences and 

then encodes the binary data using two parallel 16 QAM encoders, an OFDM modulation block is located in this 

place to generate an OFDM signal. 

The OFDM signals from both X and Y polarization Directions  need to be converted from a RF signal to an 

optical signal through  the RF to optical converter system (RTO), each consist of two mach-zehender 

modulators and a CW laser source, polarization splitter and combiner are used before and after this process. The 

optical link is consist of 1000Km single mode fiber, at every 50Km there is an optical amplifier of gain 10dB as 

in figure (3). 
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Fig. 3: 1000Km SMF (optical channel part) of Dual polarization OFDM system. 

 

The receiver part contain a dual polarization coherent detection where the optical signal is detected and 

converted into an electrical signal, an OFDM demodulation dual polarization is used to demodulate the 

waveform using the inverse transform of that used in the transmitter, a QAM decoder which is used to change 

the samples into bits. 

The proposed system parameters is shown in table(1), a dual 16QAM O-OFDM system were used, the 

selected optical link is a standard SMF consist of 20 loops of 50Km ,each loop has an optical amplifier of gain 

10 dB, the dispersion coefficient 16.75 ps/nm*km, an attenuation of 0.2 dB/km. the system with variable cyclic 

prefix length has been used, at each cyclic prefix the effective area of the optical fiber is varied from 60-150 

µm2 in steps of 10.  

 

Fig. 2: proposed Dual Polarization Optical OFDM (DP-O-OFDM) system. 

 
Table 1: Proposed O-OFDM System Parameters 

Bit Rate 80 Gbit/s 

Samples per bit 4 

Maximum possible subcarriers 128 

Number of prefix points 15 
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Cyclic prefix 1/4,1/8,1/16,1/32, 1/64,1/128,1/256 

Average OFDM power 15 dBm 

Subcarrier locations 25-104 

Sequence length 20480 Bits 

Channel wavelength 1550 nm 

Polarization type Dual 

Polarization X and Y direction 

 

Results: 

The Dual polarization optical OFDM system is suggested and it’s performance is checked with different 

values of effective area (60-150 µm2) and different percentage of cyclic prefix (25%,12.5%,6.25%,3.125% 

,1.56%,0.78%, 0.39%); and the best value of bit error rate is examined. In [13,14,15] an effective area of 80 

µm2  is used. In this work the cyclic prefix of 1/4 has best effective area at 140 µm2 as it has the lower value of 

BER, at the cyclic prefix of 1/8 the best value of E.A. is 150 µm2, at 1/16 the best value is 120 µm2 and at 1/32 

is 150 µm2, as shown in figure (4). The same process is repeated for the values of cyclic prefix of 1/64, 1/128, 

1/256 where the best is 150 µm2, as in figure (5). All these results are shown in Table (2). Increasing the value 

of the effective area of the fiber led to decrease the effect of the nonlinearities resulting in system enhancement.  

 

(a) (b) 

(c) (d)  

Fig. 4: Cyclic prefix vs Effective area of optical fiber(E.A.), where: (a): cp 1/4. (b): cp 1/8. (c): cp 1/16. (d): cp 

1/32. 
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Fig. 5: Cyclic prefix vs Effective area of optical fiber (E.A.), where: (a): cp 1/64. (b): cp 1/128. (c): cp 1/256. 

 
Table 2: Comparison of Results. 

Cyclic prefix Best Effective area (µm2) 

1/4 (25%) 140 

1/8 (12.5%) 150 

1/16 (6.25%) 120 

1/32 (3.125%) 150 

1/64 (1.56%) 150 

1/128 (0.78%) 150 

1/256 (0.39%) 150 

 

The RF spectrum for the in-phase component at cyclic prefix of 1/32 where the effective area is 150µm2 

after OFDM modulation and demodulation are shown in Figures (6,7), the power of the RF is measured at −10 

dBm after the OFDM modulation and at -39dBm after the OFDM demodulation. The SNR and OSNR are 

measured at 25.89dB and 28.90dB respectively. 
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Fig. 6: The RF spectrum for the in-phase component for 1/32 CP  after OFDM modulation. 

 
  

Fig. 7: The RF spectrum for the in-phase component for 1/32 CP  after OFDM demodulation. 

 

For the effective area of 150 µm2 the launch power is changed from -1 to 14 dBm, increasing power lead to 

decrease bit error rate value, as shown in Figure (8). 
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Fig. 8: BER as a function of the fiber launch power per channel after 1000 km transmission for Dual 

polarization system. 

 

Discussion: 

The effects of varying effective area of the optical fiber were observed through the BER (Bit Error rate) 

factor for a Dual polarization optical OFDM system. Figures (4,5) presents the BER in terms of cyclic prefix for 

the Optical OFDM with different size of CP. According to Figure (4,d), our results by using higher value of 

effective area of 150 µm2 achieves sufficiently lower BER, this means when the effective area increased, it was 

seen that the Bit Error Rate decreases with increasing signal to noise ratio. Since increasing the effective area 

means higher launch of signal power, and increasing the value of the effective area of the fiber led to decrease 

the effect of the nonlinearities resulting in system enhancement. The best result is at a cyclic prefix of 1/32 

which save bandwidth due to the use of a small cyclic prefix. Figures (6,7) shows the RF spectrum of the 

OFDM signal at a CP of 1/32, the power of the RF is measured at −10 dBm after the OFDM modulation and at -

39dBm after the OFDM demodulation. Figure (8) shows the BER as a function of the fiber launch power per 

channel after 1000 km transmission for Dual polarization system, which gives the lower BER at input power of 

14 dBm means increasing input power leads to decrease the BER. 

The main contribution of this paper is the using of effective area with 150 µm2 to enhance system 

performance, eliminate the nonlinearities and increase input launching power. 

 

Conclusion:  

In this paper, we have proposed and demonstrated the improvement of the Dual Polarization O-OFDM 

system by using the effective area and the cyclic prefix length is used in terms of BER, The performance of the 

system can be improved by using a large effective area of 150 µm2 where it has the lower BER, as the effective 

area increased the system achieves the best BER. For the 16 QAM O-OFDM system the optimum value for the 

CP is 1/32 (3.125%). The SNR and OSNR are measured at 25.89dB and 28.90dB respectively. The future work 

of this paper can be done by using other types of modulations formats for both single polarization and dual 

polarization systems such as 64-128-256 QAM, QPSK, BPSK, and study the effect of altering the cyclic prefix 
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length and the effective area of the fiber on the system performance, and by performing a Wave Division 

Multiplexing (WDM) system with dual polarization CO-OFDM to increase the data rate. 
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