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Abstract When transmission distances exceed 20 km, CD becomes a primary constraint in IM/DD
systems. In this research, net-105-Gb/s PS-PAM-4 transmission over 100-km SSMF is enabled by only
utilizing linear FIR pre-compensation and post-FFE. Furthermore, weight sharing is adopted to reduce
> 97% multiplication operations.
©2023 The Author(s)

Introduction
The rapid growth of cloud computing, Internet
of Things (IoT), and virtual reality (VR) has cre-
ated new demands for data center interconnects.
High-order intensity modulation direct detection
(IM/DD) schemes are popular due to their spectral
efficiency and cost-effectiveness[1],[2]. However,
chromatic dispersion (CD) induced power fading,
combined with increasing baud rates and trans-
mission distances, leads to more pronounced
performance issues. This significantly limits the
transmission distance and baud rate of IM/DD
schemes.

To address the signal degradation from CD, dis-
persion compensating fiber, single sideband or
vestigial sideband modulation, or Kramers-Kronig
receiver can be employed. However, the main
challenge for these methods is the high cost of
implementation, incompatible with cost-sensitive
IM/DD systems. As a result, researchers have
turned their attention to digital signal processing
(DSP) technology to mitigate CD-induced power
fading in a cost-effective fashion. Decision feed-
back equalization (DFE) performed at the receiver
is commonly used to address that concern. How-
ever, it is prone to error propagation. Tomlinson-
Harashima precoding (THP) can circumvent error
propagation, but introduces pre-coding loss and
requires precise channel feedback[3],[4].

In this paper, we employ the finite impulse
response filter based pre-electronic dispersion
compensation with weight sharing (FIR-EDC-WS)
to achieve 100-km transmission at a net rate of
105 Gb/s using PS-PAM-4. Implementing this

FIR-EDC-WS at the transmitter makes it suffi-
cient to utilize a feed-forward equalizer (FFE)
also with weight sharing for adaptively equalizing
the residual linear inter-symbol interference (ISI)
at the receiver. The performed linear FIR-EDC
is derived by small-signal analysis (SSA)[5]–[8].
WS[9],[10] for both transmitter- and receiver-side
low-complexity linear equalizers is posed to fur-
ther reduce the system’s computational complex-
ity substantially.
Principle of linear FIR-EDC-WS
The SSA-based FIR-EDC is a time-domain rep-
resentative using FIR of the linear approximation
of the inverse of CD response in the frequency
domain[5]–[8]. Based on SSA[11], CD can be ex-
pressed simply using cos θ|θ=Dλ2ω2L/4πc where D

is the CD coefficient, λ is the central wavelength,
ω is the frequency of the modulated signal, L is
the transmission distance along the fiber, and c

is the light speed. Mathematically, its frequency-
domain closed-form expression is given by[5]–[8]:

H(f) =
1− sin2n(θ)

cos(θ)
+ sin2n(θ), (1)

where n is the iteration index, and the larger the
n is, the closer to 1/ cos θ the H(f) becomes,
but requiring a higher digital-to-analog conversion
(DAC) resolution. Therefore, the proposed FIR-
EDC with finite taps is h(t) = F−1 {H(f)}.

Without WS, the output y(n) of FIR-EDC (FFE
as well) can be expressed as:

y(n) = [h(0)...h(N−1)][x(n)...x(n−N+1]T , (2)

where N , h, and x(n) are the number of taps,



the weights, and input at nth sample, respec-
tively; [·]T stands for the sum transpose operator.
By applying WS, implemented by the k-means
clustering algorithm here, the output of FIR-EDC-
WS/FFE-WS can be given by:

yWS(n) =

Nc∑
i=1

w(i)xc(n, i), (3)

where Nc and w(i) are the number of clusters
and the centroid, respectively, and xc(n, i) is the
summation of the input terms in x(n) whose cor-
responding weights with similar values are clus-
tered to the same centroid. Equalizer with WS
explores fewer kernels to achieve efficient equal-
ization by sharing the same kernel with different
input signal terms. Thus, it naturally decreases
the number of multiplication operations from N to
Nc.

Experimental setup and results
The experimental setup and DSP block diagram
are shown in Fig. 1. At the transmitter, PS-PAM-
4 signal is generated offline where it is pulse-
shaped using a raised cosine (RC) filter with
a roll-off factor of 0.1, and subsequently pro-
cessed by employing FIR-EDC-WS. Then the sig-
nal is forwarded to an arbitrary waveform gen-
erator operating at a sample rate of 120 GSa/s
(AWG, Keysight M8194A). Amplified by an elec-
trical amplifier (EA), the signal actuates a Mach-
Zehnder modulator (MZM) to modulate a beam
centered at 1550.12 nm. The modulated sig-
nal is subsequently transmitted over 100-km stan-
dard single-mode fiber (SSMF). At the receiver,
the signal is amplified by an erbium-doped fiber
amplifier (EDFA) and directly detected by a 70
GHz photodetector (PD). A variable optical atten-
uator (VOA) is employed to adjust the received
optical power (ROP) for assessing the system’s
power budget. Ultimately, the detected signal
is recorded by a 256-GSa/s oscilloscope (OSC,
Keysight UXR0804A) and undergoes DSP proce-
dures, including resampling, synchronization, and
employing a simple FFE with a limited number of
taps. Note that both FIR-EDC-WS and FFE-WS
work at 2 samples per symbol. Finally, the nor-
malized generalized mutual information (NGMI) is
calculated to evaluate the system’s performance,
incorporating soft-decision forward error correc-
tions (SD-FECs)[12]–[14]. The net rate can be cal-
culated by the entropy (S) and baud rate (Bd) as:

Net rate = [S − (1− 0.826)× log2(M)]×Bd. (4)
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Fig. 1: Experimental setup and DSP.

Fig. 2: Achievable NGMI of different net rates under Baud
rate.

Fig. 3: Achievable NGMI of PS-PAM-4 and OOK with
different net rates, using FIR-EDC.

According to Eq. 4, to achieve the same net
rate, different combinations of baud rate and en-
tropy can be applied. In order to evaluate the per-
formance of various combinations, we first con-
duct a scan on the baud rates ranging from 80
Gbaud to 120 Gbaud, using 2501-tap FIR-EDC
and 101-tap FFE. As shown in Fig. 2, at a cer-
tain net rate the achieved NGMI is increased from
80 GBuad to 100 GBaud and then decreased, a
trade-off between entropy and bandwidth limita-
tion in our setup. Hence, the baud rate of PS-
PAM-4 is fixed at 100 GBaud. Under the NGMI
threshold of 0.857, the maximal net rate achieved
for 100-km PS-PAM-4 transmission is 105 Gb/s.
In order to assess the superiority of the 100-
GBaud PS-PAM-4 signal transmission scheme,
the NGMI results for OOK signals with different
baud rates are compared. The baud rates of OOK
range from 100 GBaud to 120 GBaud in 5 GBaud



Fig. 4: Impact of the number of FIR-EDC taps on NGMI
under differnet net rates.

Fig. 5: Impact of the number of FIR-EDC-WS and FFE-WS
clusters on NGMI at 105-Gb/s net rate.

Fig. 6: NGMI versus ROP for PS-PAM-4 signals at 100-Gb/s
and 105-Gb/s net rates with and without WS.

intervals, namely net rates ranging from 82.6 Gb/s
to 99.12 Gb/s. Detailed results are illustrated in
Fig. 3. As demonstrated in Fig. 3, the achieved
net rate of the PS-PAM-4 is > 105 Gb/s under the
NGMI threshold, exhibiting an improvement of ap-
proximately 20 Gb/s relative to the net rate of the
OOK modulation scheme.

Then, the relationship between the NGMI per-
formance and the number of FIR-EDC taps is
evaluated under different net rates. Our findings,
as presented in Fig. 4, reveal that 1701 taps at
the transmitter is actually sufficient to achieve the
NGMI threshold at a net rate of 105 Gb/s for 100-
km SSMF transmission. Moreover, NGMI perfor-
mance saturates with 2301-tap FIR-EDC, which
is also adopted for the following results. Next, we
employ WS, namely FIR-EDC-WS and FFE-WS,
to reduce the complexity of 2301-tap FIR-EDC

and 101-tap FFE required by the system, as re-
sults shown in Fig. 5. Specifically, only 40 and
12 clusters for FIR-EDC-WS and FFE-WS are re-
quired to achieve the NGMI of more than 0.87, re-
spectively, leaving a sufficient margin away from
the threshold. Notably, this combination requires
only 52 multiplications and saves the overall >
97% multiplication operations compared with the
use of 2301-tap FIR-EDC and 101-tap FFE with-
out WS. Finally, we investigate the ROP budget of
PS-PAM-4 over 100 km SSMF using equalization
with WS and without WS. Figure 6 shows that at
the NGMI threshold of 0.857, the required ROP at
100-Gb/s net rate is increased from 1.2 dBm for
FIR-EDC to 1.7 dBm for FIR-EDC-WS, while at
105-Gb/s net rate it is increased the ROP from 3
dBm to 3.5 dBm. Although WS introduces a ROP
cost of about 0.5 dB, it provides a significant re-
duction in the number of multiplication operations
for equalization.

Conclusion
In this paper, a 105-Gb/s net-rate CD-aware PS-
PAM-4 IM/DD transmission system over 100 km
has been accomplished using linear FIR-EDC-
WS and FFE-WS schemes. By employing the
essential WS, the complexity of these schemes
is significantly reduced with above 97% complex-
ity in the required number of multiplications com-
pared with FIR-EDC and FFE without WS, with
an acceptable 0.5-dB ROP penalty. The use
of FIR-EDC-WS and FFE-WS verifies the prac-
ticality of low-complexity C-band beyond net-100-
Gb/s IM/DD transmission over 100-km SSMF.
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Lau, and C. Lu, “Gerchberg-Saxton Based FIR Filter for
Electronic Dispersion Compensation in IM/DD Trans-
mission Part II: Experimental Demonstration and Anal-
ysis”, J. Lightw. Technol., vol. 41, no. 5, pp. 1428–1435,
Mar. 2023. DOI: 10.1109/JLT.2022.3223987.

[9] Q. Zhang, S. Duan, Z. Wang, et al., “Low complexity
Volterra nonlinear equalizer based on weight sharing
for 50 Gb/s PAM4 IM/DD transmission with 10G-class
optics”, Opt. Commun., vol. 508, p. 127 762, Apr. 2022.
DOI: 10.1016/j.optcom.2021.127762.

[10] X. Wu, J. Zhang, A. P. T. Lau, and C. Lu, “Low-
complexity absolute-term based nonlinear equalizer
with weight sharing for C-band 85-GBaud OOK trans-
mission over a 100-km SSMF”, Opt. Lett., vol. 47, no. 6,
pp. 1565–1568, Mar. 2022. DOI: 10.1364/OL.454715.

[11] J. Wang and K. Petermann, “Small signal analysis
for dispersive optical fiber communication systems”, J.
Lightw. Technol., vol. 10, no. 1, pp. 96–100, Jan. 1992.
DOI: 10.1109/50.108743.

[12] J. Zhang, X. Wu, Q. Yan, et al., “Nonlinearity-aware
PS-PAM-16 transmission for C-band net-300-Gbit/s/λ
short-reach optical interconnects with a single DAC”,
Opt. Lett., vol. 47, no. 12, pp. 3035–3038, Jun. 2022.
DOI: 10.1364/OL.462013.

[13] X. Wu, J. Zhang, Q. Yan, A. P. T. Lau, and C. Lu, “C-
band single-lane 290.4-Gb/s net rate PS-PAM-16 trans-
mission over 1-km SSMF using low-complexity nonlin-
ear equalization and single DAC”, in Conference on
Lasers and Electro-Optics, Optica Publishing Group,
2022, SM3J.6. DOI: 10.1364/CLEO_SI.2022.SM3J.6.

[14] H. Yamazaki, M. Nakamura, T. Kobayashi, et al.,
“Net-400-Gbps PS-PAM transmission using integrated
AMUX-MZM”, Opt. Express, vol. 27, no. 18, pp. 25 544–
25 550, Sep. 2019. DOI: 10.1364/OE.27.025544.

https://doi.org/10.1109/JLT.2018.2793881
https://doi.org/10.1109/JLT.2018.2793881
https://doi.org/10.1109/JLT.2020.3020649
https://doi.org/10.1109/JLT.2017.2724032
https://doi.org/10.1109/JLT.2017.2724032
https://doi.org/10.1364/OE.427661
https://doi.org/10.1109/ACP55869.2022.10088888
https://doi.org/10.1109/JLT.2022.3220937
https://doi.org/10.1109/JLT.2022.3220937
https://doi.org/10.1109/JLT.2022.3223987
https://doi.org/10.1016/j.optcom.2021.127762
https://doi.org/10.1364/OL.454715
https://doi.org/10.1109/50.108743
https://doi.org/10.1364/OL.462013
https://doi.org/10.1364/CLEO_SI.2022.SM3J.6
https://doi.org/10.1364/OE.27.025544

	Introduction
	Principle of linear FIR-EDC-WS
	Experimental setup and results
	Conclusion
	Acknowledgments

