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ABSTRACT 

This paper proposes a Wavelength Division Multiplexed, Orthogonal Frequency Division Multiplexed Passive 

Optical Network (WDM-OFDM-PON) utilizing 4-ary Quadrature Amplitude Modulation (QAM). This paper investigates 

the system by evaluating the effect on Optical Signal Noise Ratio (OSNR), Error Vector Magnitude (EVM) and Power 

Loss in both Optical Line terminal (OLT) and Optical Network Unit (ONU). The Direct Detection Technique approach 

achieves data rate of 55 Gb/s while maintaining sufficiently low Bit Error Rate (BER) securing IEEE standard. Through 

this endeavour a single feeder PON consisting of 64 channels is designed with unprecedented capacity of 3.52 Tb/s over a 

transmission distance of 120km. considering the results achieved, the capacity obtained is the most supreme compared to 

other WDM-OFDM-PON systems so far.  
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INTRODUCTION 
As we step into the future, applications requiring 

high data rates are increasing and to make it feasible for 

production, low-cost is essential and these are some of the 

important factors that drives the research for future optical 

networks. For superior performance and cost efficiency, 

Passive optical networks (PONs) has been considered as 

the optimum choice for fiber-to-the-home (FTTH). But the 

increasing complexity of conventional modulation 

techniques, like quadrature phase shift keying (QPSK) or 

quadrature amplitude modulation (QAM), at high data 

rates negates the desirable qualities of the PON [1-3]. 

As a standard for high capacity PONs, 

Wavelength Division Multiplexing (WDM) has been 

preferred due to a significantly less requirement for 

computation and parallelization [4]. Moreover, WDM-

PON is preferable since optical components can be shared 

between different WDM channels and therefore, 

bandwidth gets increased over optical fiber by sending 

several signals concurrently at different wavelengths [5]. 

Basically, by utilizing multiple lasers operating at 

numerous frequencies in the L-band of the spectrum and 

multiplexers, WDM-PONs can transmit data from multiple 

channels simultaneously through one single mode fiber 

(SMF). Furthermore, due to its simple structure, higher 

spectral efficiency [6] and low maintenance cost, it would 

be a viable and lucrative technique to implement in order 

to enhance the total performance and capacity of the 

system [7] 

Another candidate to accommodate the demand 

for higher data rates is orthogonal frequency division 

multiplexing (OFDM) PON. Apparently, the process of 

encrypting digital data transmission on various carrier 

frequencies is called OFDM [8]. It is widely acceptable 

because of its boisterousness to narrowband interference 

and frequency selective fading [9]. OFDM is a multicarrier 

technique in which the high speed data stream is 

transmitted on a number of different frequency low speed-

data channels [10]. This multiplexing technique yields the 

convenience of electronic equalization and provides 

robustness against multipath fading of legacy wire-less 

OFDM systems into the optical domain to attain 

impairment-sustainable ultra-high-speed optical systems 

[9]. In addition, it is highly resilient to inter symbol 

interference (ISI) caused by chromatic dispersion, which 

makes it highly suitable for such applications [11].  With 

the addition of a guard interval known as cyclic prefix, the 

transmitted signal is extremely immune to ISI [12]. 

Likewise, it buttresses symmetric data rates, dynamic 

bandwidth allocation and cost-effective implementation 

[13]. In addition to this, the utilization of inverse fast 

Fourier transform (IFFT) makes OFDM very efficient in 

terms of computation. Exploiting the economic benefits of 

direct detection optical OFDM (DDO-OFDM), the optical 

network units (ONU) can be made cost effective while 

providing sufficient performance.  

Utilizing the techniques mentioned and discussed 

previously, we are proposing a high capacity PON, with 

high data rates per channel. The hybrid WDM-OFDM-

PON was incorporated with a higher modulation 

technique, in the form of a 4-ary QAM. We have taken the 

DDO-OFDM approach when considering this network, 

over the coherent optical OFDM (CO-OFDM) approach to 

make the ONU cost effective. In this paper, the proposed 

optical network, along with the achieved results, were 

extensively studied, while considering performance 

parameters such as signal to noise ratio (SNR), error 

vector magnitude (EVM) and power loss. In addition, 

constellation diagrams were inspected to evaluate and 

compare the quality of the transmitted and retrieved data. 
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Figure-1. The proposed architecture of the WDM-OFDM-PON. 

 

The results that were obtained are quite an 

improvement of the previous network design which was 

developed. In the beginning, we succeeded to achieve a 

capacity of 2.2Tbps using 40 channels over a length of 

120KM where as previously it was only 1.92Tbps using 

40 channels over a distance of 100KM. The data speed of 

each channel was 55Gbps compared to the 48Gbps 

obtained before. Later on, we have developed the network 

to its furthest limit and achieved a record unprecedented 

capacity of 3.52Tbps using 64 channels ensuring each of 

the channel performing successfully, which was more than 

70% improvement than the last results. The entire design 

of the network was constructed in such a way that the 

overall complexity was kept to a minimum to ensure that 

the network is as simple as possible [14], [15]. 

 

HYBRID WDM-OFDM-PON ARCHITECTURE 

CONCEPT 

An OFDM-WDM-PON can be interpreted as a 

passive optical network with point-to-multipoint physical 

layer architecture with orthogonal frequency division 

multiplexing and wavelength division multiplexing. Since 

it is a passive optical network, there are no active 

elements, which are electrically powered, like amplifiers 

or repeaters, in optical outside plant (OSP) [16], [17]. 

 

 
 

Figure-2. Experimental setup for a single channel WDM-OFDM-PON. 
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Initially, pseudo random sequence bits, which are actually 

binary sequence, were generated using Pseudo random 

binary sequence (PRBS) generator [18]. Basically, the 

symbols from the QAM sequence generator are then 

passed through the OFDM modulator where primarily the 

bits are converted to parallel from serial arrangement. 

Then they are transformed from frequency domain to time 

domain using Inverse Fast Fourier Transformation, which 

is cost effective to implement, and then guard bands are 

added by incorporating cyclic prefix to it to maintain 

orthogonality [19] and prevent interference as it abolishes 

inter-symbol interference (ISI) and inter-frame 

interference (IFI) [20], [21]. Finally, the bits are 

rearranged by parallel-to-serial converter and analog 

signal is sent out using DAC. Next, roll off filters separate 

the output from OFDM modulator into both in-phase and 

quadrature components.  The Quadrature modulation 

coalesce two amplitude-modulated (DSB) carrier signals 

in a way such that the original amplitude modulations are 

distinguishable, by coherent demodulation, at the receiver 

[22].  

Then, we need a wavelength specific optical 

source or its equivalent at each premise. For operational 

simplicity, a wavelength specified laser, a CW laser was 

used as it can deliver constant power output during long 

periods of time [23]. A LiNb MZ modulator was used to 

produce optical signals from electrical (up-conversion). 

The input waveguide was divided into two waveguide 

interferometer arms. A phase shift induces for the wave 

passing over the arm when voltage is applied across that 

arms. When the two arms are reconstituted, the phase 

difference between the two waves is transformed to an 

amplitude modulation. 

In addition, optical gain elements are required in 

the most cases, since the insertion loss and the coupling 

loss of optical link including the modulator itself [24]. 

Finally, the resulting signal, including the outputs from 

other channels, are multiplexed using WDM multiplexer. 

Since each channel was identified with a different 

wavelength, since WDM MUX/DMUX was used as an 

optical branching device [25]. The optical link represents 

the distance of the communication fiber. SMF and DCF 

were used. The length of DCF was used according to the 

dispersion properties of SMF as it compensates for the 

chromatic dispersion (CD) produce by the SMF during 

transmission [26], [27]. In fact, CD is a salient hindering 

factor which limits the maximum reach of this 

transmission system [28], [29]. Also, optical amplifiers 

were added as it ensures the signal does not get attenuated 

for large distances [30].  

However, in the receiving side, at the very 

beginning the transmitted signal is separated by WDM 

demultiplexer according to their wavelength. Besides, the 

direct detection technique was used since it necessitates 

low cost and complexity [31]. Also, it involves no local 

oscillator in the detection process. Thus, the process 

requires the transmitter information to be directly 

associated with the intensity variation of the transmitted 

field, therefore a PIN photodiode was used. In direct 

detection, the instantaneous intensity or power of the 

incident optical signal is detected and the output of the 

photo detector is proportional to the incoming field [32]. 

Next in the Quadrature Demodulator, no new frequency is 

produced when two sinusoids are added as it is a linear 

operation. Therefore, the bandwidth of the composite 

signal is analogous to the bandwidth of the DSB 

components. Using this technique, the spectral redundancy 

of DSB permits a doubling of the information efficiently 

[33]. Afterward, filtered I and Q components were fed into 

OFDM demodulator removes the guard bands first and 

then using Fast Fourier Transformation convers the signal 

from time domain to frequency domain. So, lost symbols 

due to frequency selectivity can be recovered by using 

interleaving. Thus, it is almost immune to impulsive 

parasitic noise and co-channel interference [34]. At last, 

QAM decoder, decrypt the date and deliver them for the 

user to read. 

 

PERFORMANCE ANALYSIS OF THE WDM-

OFDM-PON 

A back to back connection was setup to evaluate 

some of the performance parameters of the simulation 

model. An additive white Gaussian noise (AWGN) source 

was added and amount injected into system was varied. 

Other transmission parameters were kept constant, with 

the laser input power at 2 dBm and the linewidth at 1 

MHz. 

 

 
 

Figure-3. Optical Spectrum of 64 Channel WDM OFDM 

PON, with laser linewidth of 1 MHz and input power 

of 2 dBm. 

 

Figure-3 shows the optical spectrum which was 

obtained from Optical Spectrum Analyzer (OSA) 

connected forthwith after WDM mux. 64 distinct lines 

representing 64 different channels from 64 different CW 

lasers each operating at 64 different frequencies beginning 

from 193.1 THz to 196.25 THz. Back to back two 

adjacent channel was set with a spacing of 50 GHz and 

central line width of 1 MHz. If we observe the figure 

carefully, we will see the distinct lines are equally spaced 

and uniformly allocated across the spectrum. 
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Transforming the channel frequency to wavelength, we 

will get the range of wavelength lies between 1528 nm to 

1553 nm, which is specified in the figure at x axis 

whereas the y axis denotes the power of the lasers. The 

almost equal height of all the distinct lines assures us the 

equal allocation of power across all the channels. The 

Side Mode Suppression Ratio (SMSR) was found 50 dBm 

here and from the spectrum the lowest side mode 

suppression ratio of 90.40% was calculated. This gives us 

clear idea about the robustness and fairness of the signal. 

The BER performance of the network was 

observed by plotting it against the Optical Signal to Noise 

Ratio (OSNR) of the system was plotted and is shown in 

Figure-4. This graph was prepared from BER test set and 

WDM analyser connected to the network system. 

According to the IEEE standards the Forward Error 

Correction (FEC) limit is 10-3 BER and for our 64 

channel WDM OFDM PON system it was corresponding 

to 25.84 dB OSNR. BER values were converted into log 

scale and denoted at Y axis whereas OSNR values were 

denoted at x axis. The Log scale was chosen to reduce 

numerical complexities of the large values of BER. The 

FEC limit was used to verify & enhance network 

performance in later tasks such as transmission distance, 

signal power strength etc. 

 

 
 

Figure-4. Bit error rate versus optical signal to noise ratio 

for 64 channels. Forward error correction threshold was 

seen at OSNR value of 25.84 dB. 

 

To validate the performances of each and 

individual element of the network, radio frequency spectra 

of the elements were studied. Figure-5.a. shows the signal 

of the in-phase branch (I branch) of the OFDM block. The 

bandwidth of the signal was 6.9 GHz. The figure also 

showed some aliasing, but was easily removed by using a 

low pass filter after the signal was passed through the low 

pass cosine filter. Figure-5.b. shows the signal after it has 

been up-converted. The signal has a bandwidth of 13.6 

GHz after the up-conversion process. Figure-5.c. shows 

the signal obtained from the photodetector after direct 

detection. The spectrum clearly shows that the signal does 

not suffer from ICI. After that the signal is down-

converted and the final OFDM signal is seen in Figure-5.d. 

The figure shows that the original signal is received but 

with some added noise from the amplification process. But 

even with the presence of the noise, the operation of the 

OFDM demodulator remains unaffected because of a large 

SNR. 

The performance study with a back to back 

connection was done not only to validate the network 

model, but also to find the threshold values of some 

parameters, which can be used to validate the performance 

of the network while transmitting over a large distance. 

 

MAXIMUM TRANSMISSION DISTANCE 

In order to evaluate the impact of noise over the 

signal power, Optical Signal to Noise Ratio (OSNR) was 

studied. Figure 6 shows the relationship of OSNR over a 

range of transmission length starting from 24 to 120 km 

for our 64 Channel Hybrid OFDM WDM PON. OSNR 

provides us the measurement of the ratio comparing 

optical signal power and noise power.  From these OSNR 

values we come to know about the impairments in the 

network while transmitting optical signal. According to 

the figure, we see that we receive 43.2 dB to 36 dB OSNR 

values starting from 24 km to 120 km respectively. The 

OSNR value concluded at 36 dB for transmitting data at 

120 km, which is indeed a very healthy ratio. 

 

 
(a) 

 

 
(b) 
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(c) 

 

 
(d) 

 

Figure-5. Radio-Frequency (RF) spectrum of the 

individual components. (a) OFDM output before up 

conversion (I-branch). (b) Signal after RF up conversion. 

(c) Signal after direct detection. (d) Signal after down-

conversion. 

 

 
 

Figure-6. Change of Optical Signal Noise Ratio (OSNR) 

against the transmission distance of 64 channel OFDM 

WDM PON network where for up to 120 km its 

value is 36 dB. 

 

This optical power over noise power ratio is 

sufficient enough to transmit signals successfully. From 

the figure, it is also clear that the value of OSNR decreases 

with the increase of the transmission length. This decrease 

took place due to the chromatic dispersion generated in the 

SMF and fiber amplifiers. Besides, attenuation loss also 

got increased with the escalating fiber length. 

 

 
 

Figure-7. Received signal power with respect to the 

transmission distance of 64 channel OFDM WDM PON 

system where the value is found -3.17 dBm for 24 km 

which ended up at -3.42 dBm for 120 km. 

 

Moreover, Figure-7 illustrates the optical power 

received at the receiving end with corresponding to 

different fiber length. The value of optical power at 

receiving side was found -3.17 dBm for 24 km and with a 

gradual increase of transmission length up to 120 km the 

value concluded at -3.42 dBm, which is sufficiently 

robust. It should be noted that, the power of CW laser at 

the transmitting side was 2 dBm. Beside the change, we 

also see that with the progressive transmission distance the 

value of power decreases gradually. It happens mainly due 

to the decrement in OSNR the received power gets 

attenuated as the signal is transferred over longer 

distances. 

Added with that, we have operated EDFA after 

both SMF and DCF to boost the weakening optical signal 

as it traverses large distance. This EDFA has some 

consequences besides boosting and is also accountable for 

inducing a large amount of the noise observed in the 

network. Despite these drawbacks, we did not require any 

signal repeaters and our 64 channel WDM OFDM PON 

system managed to function successfully up to 120 km. 
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Figure-8. EVM vs. Subcarrier where the range of 

subcarrier is 512. 

 

Figure-8 enables us to see the data of Error vector 

magnitude (EVM) in percentage scale with respect to 

subcarrier index. For this 64 channel WDM OFDM PON 

system, the EVM varied between the ranges from 6% to 

28%, though the greater part of the subcarriers stayed 

within 7% to 14%. The range of subcarrier denoted at x 

axis also indicates our network’s subcarrier no. which is 

512. The information of EVM was obtained from OFDM 

Demodulator component and it was observed that with the 

increment of laser speed and transmission distance it 

begins to show greater values. 

Figure-9(a) shows the constellation diagram 

before using Dispersion Compensating Fiber (DCF). It is 

perceptible that the nonlinearity impairments along with 

chromatic dispersion impact the network system. 

Therefore, DCF is implemented to ameliorate the signal 

and eliminate chromatic dispersion that is formed because 

of the increment in data rate and transmission length. We 

put DCF immediately after SMF and EDFA. EDFA is 

used to boost the weakening optical signal after a long 

distance. After using DCF, EDFA was used in the network 

system for the second time. The dispersion of SMF was 

calculated and found 17 ps/nm/km. So, according to its 

transmission distance and the value of dispersion, the 

transmission distance of DCF is set one fifth of it and the 

value of dispersion is set -85 ps/nm/km, which is 5 times 

than the value of SMF and negative in nature. We also 

particularized each channel frequency at each related CW 

laser in the transmission side which then passed through 

LiNb MZ modulator and forwarded to WDM mux. Beside 

CW laser, at every OFDM Demodulation component in 

the receiver side the channel frequency was also specified 

and at each Photodetector PIN center frequency was 

specified which is no different than channel wavelength. 

Figure-9(b) exhibits the signals constellation 

diagram after incorporating DCF. In the figure, the 

 

 
(a) 

 

 
(b) 

 

Figure-9. Constellation Diagram of 64 channel OFDM 

WDM PON system (a) before using DCF (b) after using 

DCF, where Dispersion is set -85 ps/nm/km at the DCF 

component. 

 

constellation diagram of our full furnished network system 

is provided. It was observed that, in four area situated at 

four different quadrants the points got centralized which is 

due to the exploitation of 4-QAM (Quadrature Amplitude 

Modulation) system in our network. Deploying amplitude 

and phase variations in an indistinguishable time QAM 

technique expands the capacity of a network system. Since 

4-QAM architecture was used in our network, the further 

these four intensity profile belonging to detected 

constellation points are centralized, the more competent it 

is for the network. The constellation diagram is never 

expected to be scattered in more than four different places 

situated at four quadrants not keeping sound and 

distinguishable distance to each other. This situation 

usually take place when the network offers poor BER (Bit 

Error Rate). This ultimately affects the amount of 

resistance the system has to offer when subjected to noisy 

channels. So, a perfect constellation diagram also 

expresses the BER of that network. From the above two 

graphs, it is clear that the constellation points became 

more centralized and the scattering is reduced in four 

different quadrants due to using of DCF and channel 



                                VOL. 13, NO. 23, DECEMBER 2018                                                                                                         ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2018 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                               9200 

estimation, which ensures us a zero BER valued and a 

healthy 4-QAM architecture network. 

 

CONCLUSIONS 

In this paper, the architecture of WDM-PON was 

examined and scrutinized by integration of OFDM with 

direct detection technique. The system was designed by 64 

WDM channels with a channel spacing of 50GHz and 512 

OFDM signal, each with 55 Gb/s bitrate to create a data 

rate of 3.52Tb/s. The results achieved clearly validate the 

reliability of the proposed system. According to the 

results, a clear constellation diagram of 4-QAM was 

shown by the system at the receiving side. Moreover, the 

results reveal that after 120 km long-haul transmission the 

OSNR which started with 43.2 dB gradually dropped to 36 

dB and received signal power got lessened from -3.17 

dBm to -3.42 dBm moderately. This decrement of values 

of OSNR and power with the increment of distance is an 

obvious phenomenon, but getting worthwhile values for 

the system till the end was one of the key challenges that 

were dealt with this research. In addition, higher OSNR is 

required to retain BER under FEC limit, when the 

transmission length rises. Nevertheless, non- linearity on 

the fiber also increases with the increment in OSNR which 

was also kept in check. 

 

REFERENCES 

 

[1] J. S. A. Pla. 2011. Design of Passive Optical Network. 

Department of Telecommunications, Faculty of 

Electrical Engineering and Communication, Brno 

University of Technology, Brno. 

[2] Y. Xingwen, N. K. Fontaine, R. P. Scott, and S. Yoo. 

2010. Tb/s Coherent Optical OFDM Systems Enabled 

by Optical Frequency Combs. Journal of Lightwave 

Technology. 28(14): 2054-2061. 

[3] T. G. Robertazzi. 2017. Optical Networks for 

Telecommunications. in Introduction to Computer 

Networking, ed: Springer International Publishing. pp. 

67-79. 

[4] H. Schulze and C. Lüders. 2006. Basics of Digital 

Communications. in Theory and Applications of 

OFDM and CDMA, ed: John Wiley & Sons, Ltd. pp. 

1-49. 

[5] R. Hou, L. Fang, Y. Chang, L. Yang and F. Wang. 

2017. Named Data Networking over WDM-Based 

Optical Networks. IEEE Network. 31(3): 70-79, 

2017/05. 

[6] K. Alatawi, F. Almasoudi and M. A. Matin. 2013. 

Performance Study of 1 Tbits/s WDM Coherent 

Optical OFDM System. Optics and Photonics Journal. 

03(05): 330-335. 

[7] G.-K. Chang, A. Chowdhury, Z. Jia, H.-C. Chien, M.-

F. Huang and J. Yu, G. Ellinas. 2009. Key 

Technologies of WDM-PON for Future Converged 

Optical Broadband Access Networks [Invited]. 

Journal of Optical Communications and Networking. 

1(4): C35. 

[8] H. Schulze and C. Lüders. 2006. OFDM. in Theory 

and Applications of OFDM and CDMA, ed: John 

Wiley & Sons, Ltd. pp. 145-264. 

[9] W. Ji, X. Li, Z. Kang and X. Xue. 2015. Design of 

WDM-RoF-PON Based on Improved OFDM 

Mechanism and Optical Coherent Technology. 

Journal of Optical Communications and Networking. 

7(2): 74. 

[10] K. Huang, W. Ji, X. Xue and X. Li. 2015. Design and 

Evaluation of Elastic Optical Access Network Based 

on WDM-PON and OFDM Technology. Journal of 

Optical Communications and Networking. 7(10): 987. 

[11] M. Debbah. 2004. Short introduction to OFDM. 

White Paper, Mobile Communications Group, Institut 

Eurecom. pp. 0-1-0-11. 

[12] C. Chow, C. Yeh, C. Wang, C. Wu, S. Chi and C. Lin. 

2010. Studies of OFDM signal for broadband optical 

access networks. IEEE Journal on Selected Areas in 

Communications. 28(6): 800-807. 

[13] N. Cvijetic. 2012. OFDM for Next-Generation 

Optical Access Networks. Journal of Light wave 

Technology. 30(4): 384-398. 

[14] N. Cvijetic et al. 2011. 192Tb/s coherent DWDM-

OFDMA-PON with no high-speed ONU-side 

electronics over 100km SSMF and 1:64 passive split. 

Optics Express. 19(24): 24540. 

[15] S. B. A. Reza, C. M. M. Sagir, S. Faridi, M. Roy, M. 

N. Uddin. 2017. 2.20 Tbps hybrid O-OFDM WDM 

PON using direct detection technique. Presented at the 

2017 6
th

 International Conference on Informatics, 

Electronics and Vision & 2017 7
th

 International 

Symposium in Computational Medical and Health 

Technology (ICIEV-ISCMHT). Available: 

https://doi.org/10.1109/ICIEV.2017.8338587 

[16] T. Dong, Y. Bao, Y. Ji, A. P. T. Lau, Z. Li and C. Lu. 

2012. Bidirectional Hybrid OFDM-WDM-PON 

System for 40-Gb/s Downlink and 10-Gb/s Uplink 

Transmission Using RSOA Remodulation. IEEE 



                                VOL. 13, NO. 23, DECEMBER 2018                                                                                                         ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2018 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                               9201 

Photonics Technology Letters. 24(22): 2024-2026, 

2012/11. 

[17] G. Pandey and A. Goel. 2014. Long reach colorless 

WDM OFDM-PON using direct detection OFDM 

transmission for downstream and OOK for upstream. 

Optical and Quantum Electronics. 46(12): 1509-1518. 

[18] H.-G. Zhang, B.-H. Tang and K.-M. Liu. 2016. The 

Influence Analysis of Pseudorandom Number 

Generators and Low Discrepancy Sequences for the 

Family of Compact Genetic Algorithms: Search 

Behavior Research from Outside Causes to Internal 

Causes. in Electronics, Communications and 

Networks V, ed: Springer Singapore. pp. 385-396. 

[19] J. Bazzi, K. Kusume, P. Weitkemper, K. Takeda and 

A. Benjebbour. 2017. Transparent spectral 

confinement approach for 5G. Presented at the 2017 

European Conference on Networks and 

Communications (EuCNC). Available: 

http://dx.doi.org/10.1109/eucnc.2017.7980707 

[20] A. J. Lowery, D. Liang and J. Armstrong. 2006. 

Orthogonal Frequency Division Multiplexing for 

Adaptive Dispersion Compensation in Long Haul 

WDM Systems. Presented at the 2006 Optical Fiber 

Communication Conference and the National Fiber 

Optic Engineers Conference. Available: 

http://dx.doi.org/10.1109/ofc.2006.216072 

[21] M. García and C. Oberli. 2009. Intercarrier 

Interference in OFDM: A General Model for 

Transmissions in Mobile Environments with 

Imperfect Synchronization. EURASIP Journal on 

Wireless Communications and Networking. 2009(1): 

786040.  

[22] T. Tsukahara and J. Yamada. 2000. 3 to 5 GHz 

quadrature modulator and demodulator using a 

wideband frequency-doubling phase shifter. Presented 

at the 2000 IEEE International Solid-State Circuits 

Conference. Digest of Technical Papers (Cat. 

No.00CH37056), Available: 

http://dx.doi.org/10.1109/isscc.2000.839826 

[23] H. Rong, R. Jones, A. Liu and O. Cohen. 2005. A 

continuous-wave Raman silicon laser. Nature. 

433(7027): 725-728. 

[24] A. Rao et al. 2016. High-performance and linear thin-

film lithium niobate Mach-Zehnder modulators on 

silicon up to 50 GHz. Optics Letters. 41(24): 5700. 

[25] Y. Khlifi, N. Boudriga and M. S. Obaidat. 2011. 

Wavelength Division Multiplexig. In Handbook of 

Computer Networks, ed: John Wiley & Sons, Inc. pp. 

606-626. 

[26] V. Bobrovs, S. Spolitis, P. Gavars and G. Ivanovs. 

2012. Comparison of passive chromatic dispersion 

compensation techniques for long reach dense WDM-

PON system. Elektronika ir elektrotechnika. 122(6): 

65-70. 

[27] L. Gruner-Nielsen et al. 2005. Dispersion-

compensating fibers. Journal of Lightwave 

Technology. 23(11): 3566-3579. 

[28] K. Y. Cho, Y. Takushima and Y. C. Chung. 2010. 

Enhanced chromatic dispersion tolerance of 11 Gbit/s 

RSOA-based WDM PON using 4-ary PAM signal. 

Electronics Letters. 46(22): 1510. 

[29] J. i. Kani et al. 2009. Next-generation PON-part I: 

Technology roadmap and general requirements. IEEE 

Communications Magazine. 47(11): 43-49. 

[30] P. Tervydis and R. Jankuniene. 2016. A problem 

analysis of RSOA-based optical access. Elektronika ir 

Elektrotechnika. 22(2): 100-106. 

[31] M. S. Erkilinc, S. Pachnicke, H. Griesser, B. C. 

Thomsen, P. Bayvel and R. I. Killey. 2015. 

Performance Comparison of Single-Sideband Direct 

Detection Nyquist-Subcarrier Modulation and OFDM. 

Journal of Lightwave Technology. 33(10): 2038-

2046. 

[32] Q. Dayou, N. Cvijetic, H. Junqiang and W. Ting. 

2010. 108 Gb/s OFDMA-PON with Polarization 

Multiplexing and Direct Detection. Journal of 

Lightwave Technology. 28(4): 484-493. 

[33] T. Harada, Y. Hattori, S. Ito, M. Fujimoto and T. 

Hori. 2016. Noise Suppression System for AM Radio 

Receiver Using Quadrature Component of Receiving 

Signal. SAE International Journal of Passenger Cars - 

Electronic and Electrical Systems. 9(1): 147-152. 

[34] S. V. Zhidkov. 2006. Performance Analysis and 

Optimization of OFDM Receiver with Blanking 

Nonlinearity in Impulsive Noise Environment. IEEE 

Transactions on Vehicular Technology. 55(1): 234-

242. 

http://dx.doi.org/10.1109/eucnc.2017.7980707
http://dx.doi.org/10.1109/isscc.2000.839826

