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Abstract 

In this paper, the downstream transmission performance of two types of 8QAM-OFDM optical sig-
nals in broadband optical access system has been analyzed. After modulation and coding, two 
types of 10 Gbit/s 8QAM-OFDM optical access signals are downstream transmitted over 1 km, 10 
km, 20 km and 40 km single mode fibers (SMFs) and received successfully. Different transmission 
distances impact on the bit error rate (BER) of the received signal is analyzed by simulation, while 
the signal to noise ratio (SNR) is 20 dB. The results show that, while the transmission distance is 
shorter than 10 km, the BER values of two types of 8QAM-OFDM optical signals are smaller than 
10−10. As the above optical access signals are transmitted over 40 km SMF, the BER value of the 
first type of 8QAM-OFDM signals is bigger than 10−6, and the BER of the other type of 8QAM-OFDM 
signals is smaller than 10−6. 
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1. Introduction 
At present, with the rapid increase of the types and number of broadband communication access services, the 
development trend of optical access system is mainly focused on high frequency band utilization and user 
bandwidth [1]-[4]. Orthogonal frequency division multiplexing (OFDM) optical access technology as a mul-
ti-carrier modulation technology has received more and more researcher’s attention [5] [6]. The reason is that it 
has a good ability to resist chromatic dispersion (CD) and polarization mode dispersion (PMD), and the spec-
trum utilization rate is high and the flexible multi-service bandwidth allocation can be realized by using a large 
number of sub carriers [7] [8]. In this paper, the downstream transmission of two types of 8QAM-OFDM optical 
signals in broadband optical access system has been compared and analyzed. After modulation and coding in 
this scheme, the two types of 8QAM-OFDM optical access signals are downlink transmitted successfully over 
single mode fiber (SMF) with 1 km, 10 km, 20 km and 40 km distance at 10 Gbit/s. Different transmission dis-
tances impact on the bit error rate (BER) of the received signal is analyzed by simulation, while the signal to 
noise ratio (SNR) is 20 dB.  

http://www.scirp.org/journal/opj
http://dx.doi.org/10.4236/opj.2016.68B030
http://dx.doi.org/10.4236/opj.2016.68B030
http://www.scirp.org


Y. F. Shao et al. 
 

 
186 

2. System Analysis 
We propose and simulate the 8QAM-OFDM optical access system structure diagram as shown in Figure 1. At 
the transmitter side of the downlink, the 10 Gbit/s input data is modulated by 8QAM, and then 8QAM electric 
signals are S/P conversed, IFFT processed, P/S conversed and added cyclic prefix (CP) operation. And then, 10 
Gbit/s 8QAM-OFDM electrical signals are generated. Through one cavity laser External (ECL), one continuous 
optical carrier is generated which line width is 100 kHz and the working wavelength is 1550 nm. The generated 
optical carrier is input to one Mach-Zehnder modulator (MZM). Simultaneously, 10 Gbit/s 8QAM-OFDM elec-
tric signals are input to the MZM for generating 8QAM-OFDM optical signals. 

When 8QAM-OFDM optical signals are passed through the single mode fiber (SMF), it is amplified by one 
tunable erbium doped fiber amplifier (EDFA) to compensate attenuation in the optical fiber link. At the receiver, 
a high sensitivity photo-diode (PIN) is used to detect the 10 Gbit/s8QAM-OFDM optical access signal and com-
plete the photoelectric conversion, and the generated 8QAM-OFDM electrical signal is connected to an electric 
amplifier (EA). The amplified electrical signal is divided into two ways. After the implementation of phase ad-
justment by one adjustable phase shifter, one is input to the electric mixer for direct mixing with another signal 
to complete the coherent detection process. A low pass filter (LPF) with the bandwidth of 7.5 GHz is used, and 
thus 10 Gbit/s 8QAM-OFDM electrical signals are restored. The detected signal is implemented S/P conversed, 
removed CP, FFT processed, P/S conversed and 8QAM demodulated. At last, 10 Gbit/s data are restored. It is 
worth noting that, in the 8QAM modulation, two constellation diagrams are generated respectively for mapping 
two types of 8QAM-OFDM electrical signals. The external shapes of the related constellation diagrams are di-
amond and rectangular, respectively. The constellation diagrams are shown in Figure 1(i) and Figure 1(ii). 
Considering the phase sensitivity, the phase matching process must be realized by adjusting the tunable phase 
shifter, whose dynamic adjustment range is from 0 to 360 degree. By using an optical spectrum analyzer (OSA) 
in which the 3 dB resolution bandwidth is 0.02 nm, the optical spectral diagrams of the first type of 8QAM- 
OFDM optical signals before and after transmission over 1 km, 10 km, 20 km, 30 km, 40 km SMF are shown in 
Figure 2 and Figure 3. The similar optical spectral diagrams are shown in Figure 4 and Figure 5, when the 
second type of 8QAM-OFDM optical signals is transmitted. 

 

 
Figure 1. Schematic diagram of 8QAM-OFDM optical access system. 
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Figure 2. Optical spectral diagrams of the first type of 8QAM-OFDM optical access signals before transmission over differ-
ent length SMFs. 

 

 
Figure 3. Optical spectral diagrams of the second type of 8QAM-OFDM optical access signals after transmission over dif-
ferent length SMFs. 

 
After transmission, as the received signal to noise ratio (SNR) of the 10 Gbit/s 8QAM-OFDM signals is 20 

dB, the relationship between the bit error rate (BER) and different optical links leng this shown in Figure 6. It is 
clear to see, if the transmission distance is longer, the values of the BER of the two 8QAM-OFDM optical 
access signals will increase. As the transmission distance is less than 10 km, the BER values of two types of 
8QAM-OFDM optical access signals are lower than 10−10. While the transmission distance is 40 km, the BER 
value of the first type of 8QAM-OFDM optical access signals is bigger than 10−6, and the BER value of the 
second one is less than 10−6. If the downlink length is longer, the receiver sensitivity is higher for the second 
type of 8QAM-OFDM optical signals access application. 

3. Conclusion 
In reality, comparing with 4QAM-OFDM optical access signals, 8QAM-OFDM optical access signals have a  
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Figure 4. Optical spectral diagrams of the first type of 8QAM-OFDM optical access signals before transmission over differ-
ent length SMFs. 

 

 
Figure 5. Optical spectral diagrams of the second type of 8QAM-OFDM optical access signals after transmission over dif-
ferent length SMF. 

 

     
Figure 6. The BER of two types of 8QAM-OFDM optical access signals at SNR = 20 dB. 
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higher frequency band utilization rate, and with respect to the 16QAM-OFDM optical signals, the digital signal 
processing (DSP) process of 8QAM-OFDMis simpler. But, in broadband optical access system, the transceiver 
performance of 8QAM-OFDM optical access signals with different constellation mapping. The results show that, 
when the transmission distance is shorter than 10km, the BER values of two types of 8QAM-OFDM optical 
signals are smaller than 10−10. As the above optical access signals are transmitted over 40km SMF, the BER 
value of the first type of 8QAM-OFDM signals is bigger than 10−6, and the BER of the other type is otherwise. 
Therefore, as the downlink is shorter than 10 km, two types of 8QAM-OFDM optical signals with different con-
stellation mapping can adopted. While the downlink distance is 40 km or longer, the second type of 8QAM- 
OFDM optical access signals is the optimal for achieving high receiver sensitivity.  
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