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Abstract 
 

Optical OFDM (OOFDM) has recently been proposed and the proof-of-
concept transmission experiments have shown its extreme robustness against 
chromatic dispersion and polarization mode dispersion. In this paper, we first 
review the theoretical fundamentals for OOFDM and its channel model in 
back to back OFDM representation. We then evaluate the value of RIN for its 
optimum performance. 
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Introduction 
Optical orthogonal frequency-division multiplexing (OFDM) has been recently 
proposed in response to the above-mentioned challenges [1]. OFDM is a multicarrier 
transmission technique where a data stream is carried with many lower-rate subcarrier 
tones [2]. It has emerged as the leading physical-layer interface in wireless 
communications in the last decade. OFDM has been widely studied in mobile 
communications to combat hostile frequency-selective fading and has been 
incorporated into wireless network standards (802.11a/g WiFi, HiperLAN2, 802.16 
WiMAX) and digital audio and video broadcasting (DAB and DVB-T) in Europe, 
Asia, Australia, and other parts of the world. OFDM combines the advantages of 
‘coherent detection’ and ‘OFDM modulation’ and posses many merits that are critical 
for future high-speed fiber transmission systems. First, the chromatic dispersion and 
polarization mode dispersion (PMD) of the transmission system can be effectively 
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estimated and mitigated. Second, the spectra of OFDM subcarriers are partially 
overlapped, resulting in high optical spectral efficiency. Third, by using direct 
up/down conversion, the electrical bandwidth requirement can be greatly reduced for 
the OFDM transceiver, which is extremely attractive for the high-speed circuit design, 
where electrical signal bandwidth dictates the cost. At last, the signal processing in 
the OFDM transceiver can take advantage of the efficient algorithm of Fast Fourier 
Transform (FFT)/Inverse Fast Fourier Transform (IFFT), which suggests that OFDM 
has superior scalability over the channel dispersion and data rate. OFDM was first 
proposed to combat chromatic dispersion. It was soon extended to polarization-
diversity detection, and has been shown to be resilient to fiber PMD [3]. The first 
OFDM transmission experiment has been reported for 1000 km SSMF transmission at 
8 Gb/s [4], and more OFDM transmission experiment has quickly been reported for 
4160 km SSMF transmission at 20 Gb/s [5]. The first COOFDM transmission with 
polarization-diversity has recently been demonstrated showing record PMD tolerance 
[6]. In the same report [6], the first experiment of nonlinearity mitigation has also 
been reported for OFDM systems. Although this paper places a focus on the coherent 
flavour of optical OFDM, we would like to stress that the direct detection flavour of 
optical OFDM has also been actively pursued by other groups, with applications 
including multimode fiber transmission [7-8], short-haul single-mode transmission 
[9], and long haul transmission [10-11]. 
 In this paper, we focus our attention on the theory and design aspects of OFDM. 
We first review the theoretical fundamentals for OFDM. We then present various 
design choices for OFDM systems as well as the nonlinearity analysis for the OFDM 
RF-tooptical up-converter. We also show the receiver-based digital signal processing 
to mitigate self-phase modulation (SPM) and Gordon-Mollenauer phase noise. 
 
 
Theory 
The output of semiconductor laser exhibit fluctuations in its intensity, phase and 
frequency even when the laser is biased at constant current with negligible current 
fluctuations. The two fundamental noise mechanisms are spontaneous emission and 
electron hole recombination. Noise in semiconductor lasers is dominated by 
spontaneous emission. Each spontaneously emitted photon adds a small field 
component to the coherent field (established by stimulation emission), which is 
random in nature and thus perturbs the both amplitude and phase in a random manner. 
The occurrence rate of such a spontaneously emitted random field is about 1012 s-1 [1-
3]. Because of which intensity and phase of emitted light exhibit fluctuations over a 
time scale as short as 100ps. Intensity fluctuations lead to the limited signal to noise 
ratio (SNR) where as phase fluctuations leads to the finite spectral linewidth when 
semiconductor lasers are operated at constant current. Clearly such fluctuations lead 
to the degradation of system performance, therefore it is important to estimate their 
magnitude. Amplitude fluctuations are characterized by a factor called as Relative 
Intensity to Noise ratio (RIN) 
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System Description 
The simulation set-up for modeling of RIN determination method using standard 
fibers is shown in Figure 1. 
 Figure 1 shows the an OFDM system back-to-back. Graphically the topology is 
divided in two horizontal levels, the upper one corresponding to the transmitter 
section and the lower one corresponding to the receiver section with eventually three 
separate terminations to compare the effects of different options in the model 
FFTOFDM. A single 10 Gbit/s preudo-random bit sequence is converted into a 
number of lower rate bit sequences controlled by the symbol QAM_bit_number. In 
fact the multiplicity of the serial-to-parallel conversion corresponds to the number of 
bits used by the model MQAMIQ to encode one QAM symbol. An intermediate 
binary to Gray-code conversion is used in the modulation process.  

 
 

 
 

Figure 1: System set-up. 
 
 

 Figure 2 shows the constellation diagram at the output of the QAM modulator 
obtained with the component SCATD3_1. Next the model IFFTOFDM converts the 
QAM symbols in OFDM symbols with an IFFT operation using a number of 
subcarriers controlled by the symbol subcarriers_number,both accepting in input and 
returning on output baseband in-phase and in-quadrature signals.  
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Figure 2: 16-QAM constellation diagram at SCATD3_1. 
 
 

 Figure 3 shows the in-phase component of the OFDM signal at scope_2I. Finally 
the OFDM signal at baseband is RF modulated with a quadrature mixing 
upconversion at QUADMIXIQ_UP.  

 

 
 

Figure 3: In-phase component of OFDM signal at scope_2. 
 
 

 Figure 4 shows the OFDM signal RF-modulated at scope_3. At the receiver 
section the RF signal is translated to baseband with a quadrature mixing 
downconversion at QUADMIXIQ_DOWN. The replica at twice the carrier frequency 
originated by the down conversion process is filtered out using two 7-pole low-pass 
Bessel filters centered at the carrier frequency, 10 GHz. 
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Figure 4: OFDM signal RF-modulated at scope_3. 
 
 

 Figure 5 shows the in-phase component of the OFDM signal at scope_5I 
connected to the output of the low-pass filter. Finally the model FFTOFDM extracts 
the transmitted QAM symbols from the OFDM signal at baseband with an FFT 
operation. The OFDM modulation is very sensitive to the sampling instant at the 
receiver. Not sampling the OFDM symbol at the optimum sampling instant results in 
very fast deterioration of the system performance. For this reason the OptSim models 
IFFTOFDM and FFTOFDM include the option to use a training sequence to 
automatically find the optimum sampling instant. Moreover the model FFTOFDM 
can also automatically recover the amplitude and phase of the original QAM symbols, 
thus facilitating the demodulation into bit streams of the received QAM signal.  

 

 
 

Figure 5: In-phase component of OFDM signal after RF modulation and 
demodulation at scope_5I. 
 
 
 Figure 6 the received QAM constellation with various combinations of the 
FFTOFDM options controlling automatic synchronization and amplitude/gain 
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 Eye opening is defined as the difference between the minimum values of the 
samples decided as logical one and maximum value of the sample decided as logical 
zero. Average eye opening corresponds to difference between the average values for 
the samples. It is observed that as the linewidth and receiver attenuation is increased, 
the eye opening decreases. This can be explained on the basis of the fact that increase 
in linewidth or the receiver attenuation will introduce more dominance to RIN and its 
cumulative effect with fiber nonlinearities. The ratio of average eye opening to the 
eye opening expressed in dB is a measure of eye closure penalty. The plot of this 
penalty and relative intensity to noise parameter (r) is shown in Figure 8. Further, RIN 
is correlated with Q value as shown in Figure 9 and it is investigated that its value 
should be negative. 

 
 

Table 1: Iterations for Attenuation, Linewidth and RIN. 
 

S.No No. of Runs Rx Attenuation Line width RIN 
 Run 1 0 1.23 10 
 Run 2 0.1 4.24 00 
 Run 3 0.2 7.13 -10 
 Run 4 0.3 8 -50 
 Run 5 0.4 9 -80 
 Run 6 0.5 10 -90 
 Run 7 0.6 11 -120 
 Run 8 0.7 12 -150 
 Run 9 0.8 13 -170 
 Run 10 0.9 14 -180 

 
 

 
 

Figure 8: Response of power Penalty w.r.t RIN parameter. 
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 For positive values of RIN, Q value is found to be very less as compared with the 
negative values of RIN. In this paper we have iterated the values of RIN from 10 
dB/Hz to -180 dB/Hz and different parameters are observed. We found that Q value 
remains constant for negative values of RIN up to around -120 dB/Hz with further 
decrease in its value Q value decreases and again tends to be constant up to -
160.dB/Hz. 
 
 

Conclusion 
In this paper, we have first reviewed the theoretical fundamentals for OOFDM. We 
then present various design choices for OOFDM systems as well as the nonlinearity 
analysis for OFDM RF-to-optical up-converter. We also show the receiver-based 
digital signal processing to mitigate self-phase modulation (SPM) and Gordon-
Mollenauer phase noise. We have concluded that linewidth of pulse has a remarkable 
effect upon system performance. It is investigated that increase in linewidth results in 
increase in RIN and hence performance of system degrades. RIN values for a link 
length of 150 km were obtained while taking into account the fiber non-linearities and 
polarization mode dispersion effect. We investigated the optimal values for linewidth 
and RIN for better performance. The limiting value of linewidth should be 6.5MHz up 
to which optical power remains almost constant and RIN value corresponding to this 
linewidth is measured to be -155 dB/Hz. and the average value of RIN is measured to 
be -125 dB/Hz..  
 
 

References 
 

[1] Keiser G, “Coherent Optical Fiber Communications,” Optical Fiber 
Communications, McGraw-Hill, New York, 1991. 

[2] Aggarwal G. P, “Fiber Optic Communication Systems,” John Wiley and Sons, 
New York, 1997. 

[3] Senior J. M, “Optical Fiber Communications,” Prentice Hall, New Delhi, 1992. 
[4] C.Crognale, “RIN induced by dispersion at first –order dispersion wavelength 

in single mode fiber transmission lines” Electronic Letter online No. 
19951124,6 June 1995. 

[5] Claudio Crognale, “Small signal Frequency Response of a linear Dispersive 
Single-Mode Fiber Near Zero First –order Dispersion Wavelength,” Journal of 
Lightwave Technology, Vol. 15, No. 3,March 1997  

[6] Peterman K, “Laser diode modulation and noise,” (Kluwer academic 
publishers, Dordrecht, and KTK Scientific Publishers, tokyo, 1998).  

[7] K.Peterman, J Wang, “Large signal analysis of FM-AM conversion in 
Dispersive optical fibers and its applications to PCM systems”, Electronics 
letters, vol.27 No.25, December 1991.  



28  Kamaljit Singh Bhatia et al 
 

 

[8] M. Movassaghi, M.K. Jackson and V.M Smith, “DFB Laser RIN Degradation 
in CATV Lightwave Transmission” Journal of Lightwave Technology, Vol. 15, 
No. 8, March 1996.  

[9] Cartexo Adolfo V. T, “Influence of fiber Nonlinearity on the phase noise to 
intensity noise conversion in fiber transmission: Theoretical and Experimental 
analysis,” Journal of Lightwave Technology, vol. 16, no. 7, pp. 1187-1194. 

[10] Adolfo V.T. Cartaxo, and Jose A.P Morgado, “Rigorous Assessment of Small-
Signal Analysis for Linear and Dispersive Optical Communication Systems 
Operating Near Zero-Dispersion Wavelength,” Journal of Lightwave 
Technology,Vol.17,No. 1, Jan 1999. 

[11] Kaler R. S, Kamal T. S, Sharma A. K, Arya S. K and Aggarwal R. A, “Large 
Signal Analysis of FM-AM Conversion in Dispersive Optical Fibers for PCM 
systems including Second Order Dispersion,” Fiber and Integrated Optics 
Incorporating International Journal on Optoelectronics, vol. 21, no. 3, pp. 193-
203, May 2002. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


