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Abstract: We develop a novel subcarrier-to-subcarrier intermixing
interference (SSII) cancellation technique to estimate and eliminate SSII.
For the first time, the SSII cancellation technique is experimentally
demonstrated in an electro-absorption modulator- (EAM-) based intensity-
modulation-direct-detection (IMDD) multi-band OFDM transmission
system. Since the characteristics of SSII are seriously affected by the chirp
parameter, a simple constant chirp model, we found, cannot effectively
remove the SSII. Therefore, assuming that the chirp parameter linearly
depends on the optical power, a novel dynamic chirp model is developed to
obtain better estimation and cancellation of SSII. Compared with 23.6%
SSII cancellation by the constant chirp model, our experimental results
show that incorporating the dynamic chirp model into the SSII cancellation
technique can achieve up to 74.4% SSII cancellation and 2.8-dB sensitivity
improvement in a 32.25-Gbps OFDM system over 100-km uncompensated
standard single-mode fiber.
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1. Introduction

With the exponentially increasing of customer needs for broadband services, optical access
networks have been considered as future-proof infrastructures, and a passive optical network
(PON) is one of the most promising candidates to economically provide high bandwidth to
end-users [1]. Recently, optically amplified large-split long-reach PON (LR-PON) is
proposed to economically provide higher bandwidth and larger fiber coverage range [1-6],
thus the capital and operational expenditures can be reduced considerably by consolidating
the O/E/O conversion interfaces inside the existing networks. To reach the target of higher
data rate over up to 100-km transmission distance without significant cost increase, optical
intensity modulation and direct-detection (IMDD) scheme is still preferred, especially using
cost-effective transmitters, such as directly modulated DFB lasers (DMLs) and electro-
absorption modulated lasers (EMLs).

Combined with quadrature amplitude modulation (QAM) format, orthogonal frequency-
division multiplexing (OFDM) has been envisioned as a prominent modulation scheme to
effectively lower the bandwidth requirement of components. However, optical OFDM signals
employing DMLs or EMLs will be optical double-side band (DSB) and frequency-chirped,
resulting in detrimental dispersion- and chirp-related power fading. Since the power fading is
periodic, a dynamic multi-band optical OFDM scheme [7-9] is proposed to solve the
problem. In this scheme, the OFDM subcarriers can be dynamically allocated with adaptive
modulation formats to the secondary passbands to make the best of bandwidth utilization. For
example, the experimental results in [7,8] show that available bandwidth of 100-km standard
single-mode fiber (SSMF) transmission can be increased from 3 GHz to 6 GHz after
allocating OFDM subcarriers in the secondary passbands. Thus, power fading is no longer the
major bottleneck of dispersion uncompensated IMDD networks. Nevertheless, in addition to
power fading, optical IMDD transmission will suffer from dispersion- and chirp-related
subcarrier-to-subcarrier intermixing interference (SSII), which has been theoretically and
experimentally investigated in [7, 8, 10]. The investigated results show that most of SSII is
overlapped with the OFDM subcarriers located in the secondary passbands to degrade the
signal-to-noise ratio (SNR) of the subcarriers. Therefore, SSII becomes the major bottleneck
and will reduce the performance of economical IMDD OFDM transmission systems. By
applying adaptive power and modulation allocation [7], demonstrates, via both theoretical
analysis and simulation, that all the subcarriers can reach a target performance under the
effect of SSII. The presence of SSII, however, will decrease the modulation levels, especially
those of the secondary passbands, resulting in lower data rate and spectral efficiency.

Similar to the reconstruction and elimination of subcarrier-to-subcarrier beating
interference (SSBI) in a Mach-Zehnder modulator- (MZM-) based single-side band OFDM
system [11], it is possible to reconstruct and mitigate SSII in an IMDD OFDM system [12].
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However, in an MZM-based amplitude modulation system, OFDM signals are directly
encoded in an optical field. Accordingly, SSBI is only composed of the beating terms among
subcarriers due to the square-law photo-detection, but SSII includes additional intermixing
terms caused by square-root-law amplitude modulation (i.e. linear intensity modulation) and
chirp-induced phase modulation. Hence, unlike the case of SSBI, the amount of total SSII is a
function of dispersion and chirp. In this work, the SSII cancellation technique is
experimentally demonstrated in an IMDD OFDM transmission system for the first time.
Based on the proposed SSII reconstruction scheme, the theoretical SSII can be calculated and
used to eliminate the received SSII. To further improve the effectiveness of SSII cancelation,
this work develops a dynamic chirp model that takes the voltage-dependent chirp [13] into
consideration. While only 23.6% SSII is cancelled by the constant chirp model, 74.4% SSII
cancellation and 2.8-dB sensitivity improvement at the FEC limit are experimentally
demonstrated by incorporating the dynamic chirp model into the SSII cancellation technique
in a 32.25-Gbps OFDM system over 100-km uncompensated SSMF.

2. SSII theory

In [7], the EAM model only considers the constant chirp parameter. However, in [13], we
learned that the chirp parameter is a function of modulation voltage, and therefore, a new
model that takes the dynamic chirp into consideration would be required. Similar to the
deviation in [10], the envelop of the output optical field at the optical transmitter can be given

by E Ve , where V is the modulation voltage, A¢ is the chirp-induced phase
modulation, approximated as A¢g = alog|E |, and « is the chirp parameter. The modulation
voltage of OFDM signals is expressed as V' =V, +21::]91{vne-""’”’}, where V), is the bias
voltage, N is the OFDM subcarrier number, @/(27) is the subcarrier spacing, and v, is the
encoded complex information of the n” subcarrier, and R{} represents the real part. The

whole frequency response of electrical-signal-to-optical-power conversion is set as H, (n),

composed of the responses of digital-to-analog conversion (DAC), electrical filter, electrical
amplifier, and optical modulator, and H, (0) denotes the frequency response of the optical

carrier. Thus, the power envelop can be written as P = H, (0}, + ZnN:l‘R{H ,(ny, e’} or
P=H, OV, x[1+anzl‘R{xne”’”’ }] , where x, = [H, (n)/H,(0)][v,/V,] stands for the
normalized OFDM signal. Setting the AC power envelop as X |, = ZnNzlﬂ%{xnej””" }, we could

consider the power-dependent chirp parameter as o = Z::OamX " by Taylor series, and
therefore, the normalized envelop of the optical field £ can be approximated as

ey _1+a02+4ja1X2’

E'=1 )
2 8

M

where X, =X/ zzjflm{x‘ e’} is the 2nd order term, and the third and higher order

terms of x, are neglected such that only the first two terms of o are included. Here only
considering ¢, is the constant chirp model [7, 10], and the dynamic chirp model will include
both ¢, and ¢, so that the chirp parameter is linearly dependent on the optical power.
Considering only chromatic dispersion, the response of fiber transmission after fiber of

Jn 29[,

distance L with the dispersion parameter S, can be simplified as H,(n) =e , where

0, =B Lo / 2 . Accordingly, the optical field becomes
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where 6, =tan"' @, 0, =tan”' (40:] / 1+a§), X ,, represents the transmitted OFDM signal,

t1
and X, is the transmitted 2nd order nonlinear term. After square-law photo-detection, the
received signal is proportional to |E'(L) P=1+R{X, }+|X,, [ /4—R{X ,}/4, where the
|2

third order and the fourth order terms are also omitted, and | X, |° can be represented as

(l+0(02)Z:iilliR{x~ dqne"”‘“’}. If the combined frequency responses of the receiver, including

photodiode, electrical amplifier, and analog-to-digital conversion (ADC), is denoted as
H  (n) , the normalized received signal is

R'(L) =1+ \1+a,’ iHR (n)R{x e }cos(n’6, -6, )
n=l1

1+ a02 & ~ Jnat < ~ _jnot 2
+T><[ S H (MREE, e}~ [sect, | H (R, e jeos(n°6, +6, ) }

n=1 n=1

Beating terms Intermixing terms
3
The 2nd term at the RHS of R'(L) corresponds to the desired OFDM signal; the 3rd term

indicates the beating terms among subcarriers due to the square-law photo-detection, and the
last term represents the intermixing terms caused by square-root-law amplitude modulation
and chirp-induced phase modulation. Then, the combination of the 2nd order terms is the so-
called SSII, and denoted as the theoretical SS//7 in this work. From the SSII theory, not only
the chirp parameters of ¢, and ¢, and the responses of H,, H., and H,, but also the

complex information of v, are necessary to calculate the SSII. Although the transmitted data
are never exactly known at the receiver, the received data after hard decision are used as v, to
estimate SSII, and an iterative process could be employed to improve the accuracy of SSII
estimation.

3. SSII cancellation technique

r- - T T T T T T T T T AY

Received : ' Detected
. - A
Data + SSI —»| FFT —>: Equalizer Decision : Data
Calculated : :
ssli | !
i — SSII Calculation I
., e y

Fig. 1. The block diagram of the SSII cancellation technique.

To mitigate the influence of SSII, we introduce the SSII cancellation technique at the receiver
and the block diagram is shown in Fig. 1. The received OFDM data with SSII are
demodulated and detected as the normal OFDM demodulation process, including fast Fourier
transform (FFT), equalization, and decision. Then the detected data are used as v, to calculate
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the SSII based on the SSII theory, and the calculated result can be further feedback to carry
out the SSII cancellation. Since the SSII of each subcarrier will be calculated individually, the
SSIT cancellation is performed after the FFT. Then the OFDM data after the SSII cancellation
are demodulated again, and the iterative process would get the more correct detected data.
Based on the SSII theory in Sec. 2, SSII is composed of the beating and intermixing
terms, which are caused by the square-law photo-detection and the square-root-law amplitude
modulation and chirp-induced phase modulation, respectively. Consequently, following the
model of the whole optical transmission system, SSII could be estimated by iteratively
replacing v, by the detected data, v,V where the superscript, i, denotes the number of
iteration. The detail of the block of SSII calculation of Fig. 1 is shown in Fig. 2(a), and SSII
calculation is composed of three parts, transmitted signal reconstruction, emulated SSII
calculation, and calculated SSII modification. In the block of the transmitted signal
reconstruction, the detected OFDM data v,"" is multiplied with the frequency response of
optical transmitter, H, (n), the transmitted AC power envelop X, of the OFDM signal can

be reconstructed, and then be sent to the block of emulated SSII calculation.

SSl From From
Calculation Equalizer  Decision
A
v v
Measured Fiber & Rx Response |
Error Estimation
Calculated l Chirp Hep Tx Resrponse
i -
ssii Correlation (R) Estimation | | & Estimation
A 0 Hy Hy , @D
y Y
- h) X0 i
SSll Weighting |« SO | 11e oretical ssil (X Je] Decision
Data
Calculated SSlI Emulated SSlI Tx Signal
Modification Calculation Reconstruction
(@
Intermixing o . .
H,-R 0l H XOled X, =[X,1D]2
Theoretipal _ term R {‘Sec e HepXs } 2 =XY)] Reconstructed
SSII;0 X,
<— S —
=P -
Beating s ;
term Hy [Hep X | X,
(b)

Fig. 2. The detail block diagrams of the (a) SSII calculation and (b) theoretical SSIL

In the block of emulated SSII calculation, the reconstructed transmitted power envelop
X, of optical OFDM signal will be firstly sent to the block of theoretical SSII to get
theoretical SSI7;” based on the SSII theory. The detail block diagram of theoretical SSIT of
Fig. 2(a) is shown in Fig. 2(b). The 2nd order term X, can be derived from the X, After
applying the estimated responses including H ., (n) and H, (n), the beating and intermixing

terms can be calculated and combined to rebuild the theoretical SSI7;"”. Besides, according to
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Eq. (3), the chirp-related parameter, 6, , is needed to calculate the intermixing terms.

Therefore, in the block of emulated SSII calculation, maximizing the correlation coefficient R
between the measured error and the theoretical SSI/;” is used to estimate the chirp-related
parameter, 6, . Notably, the correlation coefficient R could not be unity, because the actual
error includes noise and higher-order nonlinear terms. Once the SSII dominates the error, R
will approach unity. Moreover, the amplitude of the theoretical SSII;” has to be corrected,
since the required knowledge of x, is composed of not only v, but also a normalization factor,
which is related to the difficultly measured optical modulation index (OMI). Consequently, in
the block of calculated SSII modification, the theoretical SSII;” will be modified by SSII

weighting, which applies linear least squares fitting to minimize the sum of the squares of the
deviations between the measured error and the theoretical SSII;". Moreover, since [X /']’

and |H_,X " shown in Fig. 2(b) involves the discrete convolution in the frequency
domain, the additional computational complexity of the proposed SSII cancellation technique
mainly comes from calculating theoretical SSII. The convolution of two discrete spectra can
be realized by multiplying their inverse Fourier transforms in the time domain followed by
applying Fourier transform. FEach transform and inverse transform requires
O((2N )xlog,(2N)) operations, and the multiplication requires O (2N ) operations [14].
Thus, the extra computational complexity of O((2N )xlog,(2N)) is required for each
iteration.

As for the response measurements of H, (n), H,(n) and H,(n), the response of the
optical receiver H,(n) is assumed flatten in the beginning. Then, through measuring the
responses of optical back-to-back signals and optical fiber transmission by the training
symbols, the responses of H, (n) and H,(n) can be obtained. Then, the inaccuracy of the
assumed H,(n) is compensated by SSII weighting in the block of calculated SSII

modification. However, since the SSII power is generally much lower than the power of
subcarriers, SSII-to-noise ratio would be low [7,12] and the presence of noise will degrade the
accuracy of both chirp estimation and SSII weighting. Therefore, we need to increase the
number of training symbols at the price of lower bandwidth efficiency. Nonetheless, since
chirp estimation and SSII weighting are dependent on the operation conditions of the
transmitter but almost irrelevant to the slowly-varying response of fiber channel, long training
symbol can be just used in the beginning or used occasionally, and normal training symbol
format can be used after the required parameters of SSII cancellation have been estimated.

4. Experimental set-up and results

(a) (d) Ez
50km 50km 10GH
] SSMF SSMF Att PIN z
0 >

Clé‘l —»

LPF Amp | (b)

%
"‘ Mixer

LO =7.382 GHz

Fig. 3. Experimental setup with spectrum illustrations. (a) channel 1, (b) channel 2, (c) channel
2 after up-conversion, and (d) combination of channels 1 and 2.

In this work, the purpose is to verify the SSII cancellation technique, we just simply adopt
two-band OFDM signal format without using bit-loading algorithm. The experimental setup
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is similar with our previous work [7] and the differences are only the subcarrier allocations. A
point-to-point transmission is adopted to emulate a long-reach OFDM-PON, since the loss of
a remote node in PONs can be compensated by an optical amplifier. The baseband electrical
OFDM signal is generated by an arbitrary waveform generator (AWG, Tektronix"
AWG7122) using Matlab® programs. The signal processing of the OFDM transmitter consists
of serial-to-parallel conversion, QAM symbol encoding, inverse fast Fourier transform
(IFFT), cyclic prefix (CP) insertion, and DAC. The sampling rate and DAC resolution of the
AWG are 12 GS/s and 8 bits, respectively. Other detailed parameters of generated OFDM
signals include the FFT size of 512, the CP size of 8. The channel-1 OFDM signal is located
in the 1st passband, and it consists of 23.4375-MSym/s 64-QAM and QPSK symbols, which
are encoded at the 2nd-124th and 125th-164th subcarriers, respectively. Thus, the channel-1
signal contains 163 subcarriers with 3.82-GHz bandwidth, yielding a total data rate of
19.1718 Gbps. The channel-2 OFDM signal of the same symbol rate but with 32-QAM and
QPSK formats are encoded at the 2nd-44th and 45th-76th subcarriers, and then it is up-
converted to 7.382 GHz, which is equivalent to the frequency of the 315th subcarrier. Thus,
the up-converted OFDM signal occupies the 239th-313rd and 317th-391st subcarriers located
in the 2nd passband, and it contains 150 subcarriers with 3.5-GHz bandwidth. Notably, since
the channel number of the AWG is only 2, this up-converted signal is used to emulate a
13.0781-Gbps signal which should be realized by independent I- and Q-channels in practical.
Through a power coupler, both OFDM bands are then combined, and a total data rate of 32.25
Gbps is achieved. The insets (a)-(d) of Fig. 3 exhibit the electrical spectra of the channel-1
signal, the channel-2 signal, and the up-converted channel-2 signal, and the combined 2-band
signal, respectively. The combined OFDM signal is then sent to the EAM to generate an
optical DSB OFDM signal. After 100 km of SSMF transmission and direct-detection, the
received electrical signal is captured by a digital oscilloscope (Tektronix® DPO 71254) with
a 50-GS/s sampling rate and a 3-dB bandwidth of 12.5 GHz, and the spectrum is shown in the
inset (e) of Fig. 3. Due to the limited buffer size of oscilloscope, 1000 OFDM symbols with
1.707 Megabits are captured. An off-line Matlab® DSP program is used to demodulate the
OFDM signals and the demodulation process includes synchronization, FFT, one-tap
equalization, and QAM symbol decoding. Lastly, BERs are counted by bit-by-bit comparison
between the detected data and transmitted data. In order to accurately estimate the required
parameters of SSII cancellation, enough training symbols must be adopted in the beginning,
and 50 training symbols are adopted in this work. Thus, SSII can be calculated and cancelled
based on SSII cancellation technique as shown Fig. 1. Moreover, although the iterative
process is expected to reduce the influence of the decision errors of v,'™" on estimating SSII,
our experimental results do not show further improvement provided by iteration, so that the
SSII cancellation technique is applied without iteration throughout this work. The reason
would be the SSII is contributed by a lot of subcarriers, and a few decision errors may not
affect the estimation much around the BER of interest [12]. As a result, the computational
complexity can be lowered by omitting the iterative process in this case. However, significant
decision errors may be contributed by higher SSII due to longer SSMF (>100 km) and/or
more frequency chirp. In this condition, the iterative process could be adopted to decrease the
decision errors and improve the accuracy of SSII estimation [12]. Figure 4 shows the
electrical spectra of the OFDM signal composed of two bands after 100-km transmission
shown by blue curve and the calculated SSII shown by red curve. Since the subcarriers at
5.6~8.4 GHz are overlapped with the most of SSII, they suffer from severer SNR penalties.
Figure 5(a) shows the measured SNR of each OFDM subcarrier. The SNR after 100-km
SSMF transmission without SSII cancellation is shown by red curve in Fig. 5(a), and the SNR
shown by black curve is measured by transmitting band-1 and band-2 OFDM signals
individually. Theoretically, if only the band-2 signal is transmitted, the signal will not suffer
the SSII induced by itself, or equivalently, all the SSII is out-of-band. In addition, for the case
of band-1 only, the influence of the SSII can be ignored, as shown in Fig. 4. Thus, the SNR

#178232 - $15.00 USD Received 1 Nov 2012; revised 14 Dec 2012; accepted 21 Dec 2012; published 7 Jan 2013
(C) 2013 OSA 14 January 2013 / Vol. 21, No. 1/ OPTICS EXPRESS 539



L — Received OFDM Signal
20 —— Calculated SSli

¥ o
10 "\, N

Relative Power(dB)
o

0 1 2 3 4.5.6.7.8.9
Frequency (GHz)

Fig. 4. Electrical spectra of the OFDM signal composed of two bands after 100-km
transmission and the calculated SSII.
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Fig. 5. (a) SNR of each subcarrier of optical back-to-back, one-band OFDM after 100-km
SSMEF, two-band OFDM after 100-km SSMF without SSII cancellation, and two-band OFDM
after 100-km SSMF with SSII cancellation via considering the constant chirp and the dynamic
chirp. (b) SNR improvement by SSII cancellation of three cases corresponding to those in (a).

difference between red and black curves can be regarded as the upper bound of SSII

cancellation. After introducing the SSII cancellation technique with only considering the
constant chirp parameter ¢, of EAM, which is about 0.53 at the bias voltage of -1 V

measured by the method in [15], as shown by green curve in Fig. 5(a), we can find that the
SSII cancellation is not obvious. After considering the dynamic chirp parameter including o,

and ¢, as shown by blue curve in Fig. 5(a), the black and blue curves are almost overlapped

and the SSII can be almost canceled. Thus, from both the SSII theory shown in Sec. 2 and the
experimental results shown in Fig. 5(a), the dynamic chirp must be taken into consideration to
improve the performance of SSII cancellation. Figure 5(b) shows the SNR improvement by
SSII cancellation of three cases corresponding to those in Fig. 5(a).

To evaluate the performance of the SSII cancellation technique, the average amount of
SSII elimination is to be defined and calculated. For the n™ subcarrier, if the received signal
power, the noise power and the SSII power without the SSII cancellation are denoted as
Py(n), Py(n) and Psgy y(n), respectively, the corresponding SNR could be written as I'y(n) =
Py(n)/[Pssyn(n) + Py(n)]. Since we assume no SSII for the case of the upper bound, its SNR
will be I'(n) = Pg(n)/Py(n). Furthermore, the power of residual SSII after SSII cancellation is
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set as Pggy c(n) or Pssyp(n), where the subscript C or D indicates the cancellation based on the
constant chirp model or the dynamic chirp model. Hence, the SNR after the SSII cancellation
will be I'c(n) = Py(n)/[Pssy,c(n) + Py(n)] or I'p(n) = P(n)/[Pssyp(n) + Py(n)]. Consequently,
the power of SSII could be estimated by the SNRs and the signal power,

P(n) Py(n)
T (n) T ()’

where the subscript § € % ,C, D} . Moreover, the amount of SSII elimination could be

obtained by APSSH’C(I’I) = PSSH,W(n)fPSSH,C(n) or APSSH’D(I’I) = PSSII,W(n)fpSSH,D(n) Then the
average amount of SSII elimination in percentage can be written as

Poon < (n)= “4)

N

o ZAPssn,g
APssi ¢ = ";,1— (5)

Z P SSI W

n=1

If the constant chirp is considered, the proposed SSII cancellation technique can only achieve
23.6% SSII elimination. However, employing the new dynamic chirp model, 74.4% SSII
elimination can be achieved which demonstrates a considerable effectiveness of the new
model.

Based on the dynamic chirp model, Fig. 6 shows the measured SNR improvement with
different numbers of training symbols. With only 10 training symbols, the estimation of SSII
weighting is inaccurate and the SNR improvement is much less than those with more training
symbols. As the number of training symbols increasing, the SNR improvement will be
improved. However, 50 training symbols are sufficient to accurately estimate SSII weighting,
and further increment of training symbols does not improve the signal performance much, as
shown in Fig. 6. Thus, in order to optimize the performance of SSII cancellation and also
maintain the bandwidth efficiency, 50 training symbols are adopted in this work. Moreover,
according to Eq. (5), 66.8%, 73.5%, 75.0% and 75.1% SSII eliminations are achieved by
using 10, 30, 70, and 90 training symbols, respectively.
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Fig. 6. SNR improvement with different numbers of training symbol, Nrs.

Furthermore, the BER performances of the EAM-based OFDM signal with five cases are
plotted in Fig. 7(a). In Fig. 7(a), the cases (i) and (ii) shown by the black and green solid
circles indicate the cases of optical back-to-back (O B-t-B) and 100-km SSMF without SSII
cancellation, respectively, while the cases (iii) and (iv) shown by the red and blue solid circles
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indicate the cases of using the SSII cancellation technique with considering the constant and
dynamic chirp parameters of EAM, respectively. The BER of ~3.8 x 107 (the FEC limit) of
cases (ii), (iii) and (iv) can be obtained at the received powers of —8.4 dBm, —10.2 dBm, and —
11.2 dBm. Accordingly, after using the SSII cancellation technique with considering the
constant and dynamic chirp parameters, the receiver sensitivities are improved by 1.8 dB and
2.8 dB, respectively. In addition, assuming the full knowledge of the transmitted data is
known and used for the SSII estimation and cancellation, the BER performance with such
ideal SSII cancellation is also plotted as the case (v) in Fig. 7(a). Compared with the ideal
SSII cancellation, the proposed SSII cancellation without iteration almost shows identical
performance, and therefore, the iteration process can be dropped in this experiment.
Moreover, corresponding to the cases (ii) and (iv) at the received power of —6 dBm, the
constellations of the 32-QAM and QPSK in the 2nd passband before and after SSII
cancellation are shown in Fig. 7(b) for comparison.

—e— (i) OB-t-B
—@— (i) w/o SSll cancellation

—®— (jii) Constant chirp model

—@— (iv) Dynamic chirp model

~- (v) Dynamic chirp model w/ known data
I o, ®

N

100-km SSMF

10% E ®
E \\M’

10°¢

13 12 11 10 9 -8 -7 -6 -5
Received Power (dBm)

(a)

02 01 0 01 02 02 01 0 01 02 202 01 0 01 02

Before SSII Cancellation After SSII Cancellation
(b)

Fig. 7. (a) BER and (b) constellations of OFDM signals before and after SSII cancellation.
5. Conclusion

In this paper, a novel SSII cancellation technique is proposed and experimentally
demonstrated in an EAM-based IMDD OFDM transmission system for the first time.
Incorporating the dynamic chirp model into the SSII cancellation technique shows that the
SSII elimination can be improved from 23.6% to 74.4%, compared with the constant chirp
model, and 2.8-dB sensitivity improvement can be achieved in a 32.25-Gbps OFDM system
over 100-km uncompensated SSMF. Moreover, compared with the back-to-back case, the
32.25-Gbps EAM-based OFDM signal shows only 0.5-dB penalty after 100-km
uncompensated SSMF. Thus, combining the novel SSII cancellation technique proposed in
this work and the optical multi-band OFDM with adaptive modulation in our previous work
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[7], the IMDD OFDM-PON will not be limited by the SSII and power fading, and become a
feasible and economical solution for LR-PONSs.
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