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Abstract 
In this paper, the transceiver performance of optical 64QAM-OFDM signals with different sub-car- 
riers is studied. Firstly, we build a 40Gbit/s optical coherent 64QAM-OFDM transmission system. 
64QAM-OFDM optical signals with 16, 32, 64, 64, 128, 256 and 512 sub-carriers are transmitted 
over 100 km single mode fiber (SMF). Then, the optical spectrum diagrams before and after 
transmission, the bit error rate (BER) and constellation diagrams of received signals were com-
pared. The simulation results show that, with the number of sub-carriers increasing, the value of 
PAPR will gradually increase and the quality of the received optical signals will deteriorate. 
Moreover, with the number of sub-carriers increasing, the computational complexity will increase 
when digital signal processing (DSP) is used. Therefore, we should choose the optimal number of 
sub-carriers, and the PAPR influence and BER are also considered for achieving effective trans-
mission. 
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1. Introduction 
Orthogonal Frequency division multiplex (OFDM) technology has been widely used in the optical transmission 
systems, because it has characteristics of effectively against dispersion, eliminating the inter symbol interference 
(ISI) and flexible bandwidth allocation [1] [2]. In OFDM modulating technique, a large number of sub-carriers 
are multiplexing in the frequency domain, which will cause higher peak to average power ratio (PAPR) [3]. The 
PAPR not only leads to performance deterioration of linear power amplifier, but also introduces the obvious 
nonlinear effect [4] [5]. The higher PAPR is one mainly drawback for OFDM signals transmission [6]. In this 
paper, we analyzed the transceiver performance in coherent 64QAM-OFDM optical transmission system as dif-
ferent number sub-carriers are adopted. Especially, the influence of different number of sub-carriers on the 
PAPR should be considered. In this paper, we set up one 64QAM-OFDM optical transmission system by simu-
lation. The optical spectral diagrams, the bit error rate (BER) and the constellation diagrams of the received opt-
ical coherent 64QAM-OFDM signals in the case of 16, 32, 64, 128, 256 and 512 sub-carriers are measured by 
simulation, as well as the PAPR and computational complexity are also analyzed. 
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2. System Setup 
Orthogonal Frequency Division Multiplexing technology, the evolution and development of multicarrier mod-
ulation (MCM) technology, has been widely attracted much attention [7]. The main idea of OFDM is that di-
vided a high-speed serial data stream into multiple independent low-speed parallel data streams, and then re-
spectively modulated onto different carriers to form more of narrow band data streams transmitted in parallel, to 
improve the capabilities of data stream against multipath time delay spread [8]-[10]. 

Figure 1 presents the transmitter end and receiver models for optical coherent 64QAM-OFDM transmission 
system which this paper mainly studied. Firstly, transmitter data stream should pass the serial to parallel (S/P) 
converter which converts the serial data stream into a parallel data stream, followed by it is modulated. Then, 
each sub-carrier is transformed into the time domain waveform by an inverse fast Fourier transform (IFFT). The 
parallel data stream is then moved back to a serial data stream. The end portion of integrating range is copied 
into front of the symbol as guard interval to eliminate inter-symbol interference (ISI). After digital-to-analogue 
conversion, the OFDM modulated signal is transmitted in the form of analog signal. 

Figure 2 shown that, we build 64QAM-OFDM simulation system by optisystem software. This paper uses 
RF to optical (RTO) upconverter to complete the conversion of electrical signal to optical signal. The essence of 
frequency upconversion is a transformation from complex-value to real-value. RF to optical (RTO) upconverter 
contains two Mach-Zehnder Modulator to complete real/imaginary parts up-conversion for complex OFDM 
signal and conversion from optical signal to electrical signal. At the receiver, the system uses two pairs of paral-
lel photo detectors which have 90˚ phase displacement. Optical signal is converted to electrical signal by homo-
dyne assays.  

3. Analysis 
In the case of sub-carrier numbers are 128 and 256, we analyzed optical spectral which before and after 
64QAM-OFDM signals transmitted over 100 km single mode fiber and after signals through Gauss filter. 

We compared constellations and BER in the case of sub-carriers are 16, 32, 64, 128, 256 and 512. The 
comparison is shown that the BER is gradually increased and the quality of optical receiving signal gradually 
deteriorated with the increase of the number of sub-carriers in optical coherent 64QAM-OFDM transmission 
system.  

We compared constellations and BER in the case of sub-carrier numbers are 16, 32, 64, 128, 256 and 512. 
The comparison shown that the bit error rate is gradually increased and the quality of optical receiving signal 
gradually deteriorated with the increase of the number of sub-carriers in optical coherent 64QAM-OFDM 
transmission system. 

In the study of PAPR for OFDM signal, we should consider two factors: PAPR and computational complexity. 
We demonstrated the effect of different sub-carriers for PAPR and computational complexity.  

Firstly, we analyzed PAPR of 64QAM-OFDM signal in the case of different sub carriers. PARP is described 
as the peak to average power ratio, which is a ratio function to measure the size of power fluctuation.  

 

  
(a)                                                  (b) 

Figure 1. 64QAM-OFDM (a) transmitter (b) receiver. 
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(a) 

 
(b) 

Figure 2. The structure of optical 64QAM-OFDM (a) transmitter (b) receiver. 
 

 
(a)                                       (b)                                     (c) 

 
(d)                                       (e)                                     (f) 

Figure 3. Optical spectrum diagrams of 128 and 256 sub-carriers. (a) 128 sub-carriers before transmission; (b) 128 sub-car- 
riers after transmission; (c) 128 sub-carriers after filtering; (d) 256 sub-carriers before transmission; (e) 256 sub-carriers after 
transmission; (f) 256 sub-carriers after filtering. 
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Figure 5(a) described that sub-carriers and PAPR have a positive correlation that peak to average power ratio 
is increased with the increase of sub-carriers. This requires higher performance to power amplifier and ADC, 
which results in reduction of efficiency and the cost increase in optical transmission system.  

We assume that the sequence length is 2MN =  and M is butterfly series of decimation in time (DIT) algo-
rithm. Each butterfly series contain N/2 butterfly operation and a butterfly operation contains a complex multip-
lication and two complex additions. So, computational complexity of DIT-FFT includes ( ) 2/ 2 logN N  com-
plex multiplication and 2logN N  complex addition. A complex addition can be represented by two real addi-
tions and a complex multiplication requires four real multiplications and two real additions to represent. There-
fore, a Fourier algorithm requires 22 logN N  real multiplication numbers and 24 logN N  real addition num-
bers. 

4. Summary 
Different numbers of sub-carriers in optical coherent 64QAM-OFDM transmission system have impact on tran- 

 

 
Figure 4. Constellation diagrams and BER of 64QAM-OFDM optical signals with different sub-carriers. 

 

 
(a)                                                            (b) 

Figure 5. (a) PAPR and (b) computational complexity of 64QAM-OFDM signals with different sub-carriers. 
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sceiver performance. The simulation results show that, the value of PAPR will increase, if the sub-carriers 
number rise. At the same time, the receiver sensitivity will gradually deteriorate when 64QAM-OFDM optical 
signals are transmitted over 100 km SMF. Meanwhile, the number increasing of the sub-carriers will lead to the 
increase of computational complexity. Therefore, selecting suitable sub-carriers number is important. Moreover, 
we also should consider the influence of BER, PAPR and computational complexity in high speed OFDM opti-
cal transmission systems. 
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