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Abstract—In this paper, a bidirectional symmetric 100 Gb/s/λ
coherent passive optical network (PON) scheme with a simplified
optical network unit (ONU) transceiver is proposed and experi-
mentally demonstrated. In the proposed scheme, the downstream
signal is generated in a dual-polarization coherent transmitter
with Alamouti-coding at the optical line terminal (OLT) side
and then received by a single-polarization heterodyne receiver at
the ONU side. The upstream signal is generated in a low-cost
C-band electro-absorption modulated laser (EML) at the ONU
side and then received by a standard dual-polarization integrated
coherent receiver at the OLT side. The experimental results show
that more than 30 dB power budget is achieved after 25 km
standard single mode fibre transmission for both downstream
and upstream signal at 100 Gb/s/λ. The cost at the ONU side is
maintained low as the required bandwidth of the optoelectrical
device is >25 GHz and the local oscillator power at the ONU
side can be as low as 4 dBm.

Index Terms—Passive optical network (PON), optical network
unit (ONU), optical line terminal (OLT).

I. INTRODUCTION

DRIVEN by new business applications such as 5G mobile
Internet, cloud networking and 4K/8K video streaming

services, there is an increasing demand for higher-capacity and
longer coverage reach in the passive optical networks (PONs)
[1]. The IEEE 802.3ca Task Force has defined a 25G/50G
Ethernet Passive Optical Network (EPON) standards based on
25 Gb/s/λ [2]. The International Telecommunication Union-
Telecommunications Standardization Sector (ITU-T) has also
followed the path to standardize higher-speed PONs at 50
Gb/s/λ [3]. Therefore, it is envisioned that a line rate at 100
Gb/s/λ will be required in future PON. Currently, PON with
a line rate of 100 Gb/s/λ or more has been experimentally
demonstrated based on the O-band intensity modulation and
direct detection (IM/DD) scheme [4], [5]. The main problem
of O-band IM/DD scheme is that the power budget margin and
hence coverage reach is limited due to the higher optical power
loss and accumulated chromatic dispersion at high symbol rate
even within the O-band. To overcome this problem, costly
O-band booster (eg. praseodyme doped fibre amplifier [4] or
Raman amplifier [5]) and pre-amplifiers are required at both
optical line terminal (OLT) and optical network unit (ONU)
sides, which increase the overall cost of PON system. With
the widespread deployment of coherent optics in long-haul
and metro transmission systems at C-band, coherent optics
have now been introduced into the PON to provide longer
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coverage reach, superior receiver sensitivity and higher power
budget. While several experimental demonstrations of 100
Gb/s/λ coherent PON systems at C-band have been reported
that providing more than 30 dB power budget with coverage
reach more than 20 km, the use of a fully or half coherent
transceiver at the ONU side may be prohibitive due to cost [6],
[7]. To reduce the cost of ONU, a simplified coherent receiver
using Alamouti-coding technique has been proposed at the
OLT side. The required number of balanced photodetector
(BPD) and trans-impedance amplifier (TIA) is reduced to one
when compared with a fully coherent transceiver [8]. A 50
GBaud quadrature phase shift keying (QPSK) signal-based
100 Gb/s/λ PON has been experimentally demonstrated with
loss budget of 36.6 dB after 80 km standard single-mode fiber
(SSMF) transmission at the C-band [9]. However, the required
bandwidth is more than 50 GHz, resulting in high cost at the
ONU side.

To further simplify the coherent PON structure, our pro-
posed approach focus the complexity at the OLT side, with the
per subscriber ONU using a simplified coherent receiver with
intensity modulated transmitter to balance the performance and
cost. The required bandwidth of our proposed 100 Gb/s/λ PON
is >25 GHz. This paper is an extension of the post deadline pa-
per in Asia Communications and Photonics Conference 2021
[10]. Here, we further provide the details of the simplified
downstream receiver configuration with balanced and single-
ended detection schemes and compare their performances. For
the upstream, the key digital signal processing (DSP) functions
including pre-distortion and channel estimation are discussed.
More analysis as well as additional experimental results on
transmission performances are added in this paper. The 100
Gb/s/λ downstream signal based on 25 GBaud 16 quadra-
ture amplitude modulation (16-QAM) format with Alamouti-
coding is generated at the OLT side and received by a simple
single-polarization heterodyne receiver at the ONU side. The
optical power of the local oscillator (LO) at the ONU side can
be 10 dBm for single-ended detection and as low as 4 dBm
for balanced detection. The 50 GBaud 4-level pulse amplitude
modulated (PAM-4) upstream signal is generated by a low-
cost C-band electro-absorption modulated laser (EML) at the
ONU side, and received by a polarization-diversity coherent
receiver at the OLT side. In the experimental demonstration,
more than 30 dB power budget is achieved after 25 km SSMF
bidirectional transmission.

II. EXPERIMENTAL SETUP

The experimental setup of the proposed bidirectional 100
Gb/s/λ PON is shown in Fig. 1. The downstream 25 GBaud
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Fig. 1. Experimental setup for the bidirectional symmetric 100 Gb/s/λ coherent PON with simplified ONU Transceiver. Inset: (I) Balanced detection, (II)
Single-ended detection.

Alamouti-coded 16-QAM signal waveform with roll-off fac-
tor of 0.01 is generated offline and loaded to an arbitrary
waveform generator (AWG, Keysight 8194A) operating at 100
GSa/s. The four analog signals are connected to an optical
multi-format transmitter with 6 dB bandwidth of 40 GHz
comprised of a tunable laser operating at ∼1538 nm. The
optical power of the generated optical signal is controlled by
an erbium-doped fibre amplifier (EDFA) with a noise figure
of 5 dB. The amplified optical signal is then launched into the
blue port of a passive blue/red optical diplexer. The blue/red
optical diplexer with insertion loss of 0.3 dB is applied in the
experiment to separate the upstream and downstream signals,
which has been widely used in Bi-directional dense wave-
length division multiplexing systems [11]. After 25 km SSMF
link, the downstream signal is launched into the blue port
of another diplexer and detected by the proposed simplified
coherent receiver at the ONU side. The simplified coherent
receiver is consisted of a 3 dB 2×2 coupler, two tunable
optical delay lines (ODLs) for length alignment and a BPD.
For single-ended detection case, we use only one input port of
the BPD. The received power and LO power are measured at
the port 1 and 2 of the 2×2 coupler as shown in the inset (I)
and (II) of Fig. 1. The measured power for balanced detection
includes the 1 dB excess loss of ODL.1 Heterodyne detection
is achieved by shifting the frequency of LO by ∼13.5 GHz
away from the transmitter laser. Therefore, the requirement
bandwidth at the ONU side is ∼26 GHz. After optical-to-
electrical conversion and electrical amplification, the signal
is digitized by a digital storage oscilloscope (DSO, Keysight
Infiniium UXR) operating at 256 GSa/s for offline DSP.

In the offline DSP for the downstream signal at the ONU
side, the intermediate frequency is first estimated for baseband
down-conversion. After resampling the signals to two samples
per symbol, chromatic dispersion is digitally compensated
and frame synchronization is performed. Next, the received
signal is processed with the least mean square (LMS)-based
Alamouti-coded DSP [12] that performs adaptive equalization
and carrier phase recovery. The recovered symbols are finally
decoded for bit-error-rate (BER) calculation.

For the upstream, an EML with bandwidth of 30 GHz,
wavelength of ∼1556 nm, and output optical power of 3 dBm

1In [10], while the received power was measured at the input of the coupler,
the LO power reported was 1 dB lower than measured at the input of the
coupler in order to take into account the 1 dB ODL insertion loss. In this paper
the power consistently relates to that measured at the input to the coupler.

is used as the transmitter at the ONU side. The 50 GBaud
PAM-4 signal is pre-processed offline and sent to the AWG.
The electrical signal generated by the AWG is amplified by an
electrical amplifier. The peak-to-peak voltage of the amplified
electrical signal is optimized to be 2.8 V in the experiment. To
improve the power budget, a semiconductor optical amplifier
(SOA) with a noise figure of 9 dB is used to enhance the
output power from ONU side. The amplified optical signal
is launched into the red port of the red/blue diplexer and
then transmitted through the 25 km SSMF link. At the OLT
side, the upstream optical signal is first launched into the red
port of the blue/red optical diplexer and then entered into a
commercial integrated coherent receiver (ICR) together with
a LO operating at wavelength of ∼1556 nm. The converted
electrical signal is finally digitized by the DSO operating at
256 GSa/s and processed offline for signal recovery.

For the pre-processing of the 50 GBaud PAM-4 signal at
the ONU side, we apply look-up table (LUT) based pattern
dependent pre-distortion technique [13] to mitigate the non-
linear impairments. The pre-distorted symbols are combined
with the pre-distorted training sequences (which also pass
through the LUT) and followed by a root raised cosine filter
with roll-off factor of 0.2. For the upstream signal recovery,
the time skew in the coherent receiver is first compensated.
Then the signals in two polarization are down-sampled to 2
samples per symbol followed by digital chromatic dispersion
compensation. Next, the training sequence is used to achieve
frame synchronization and frequency offset compensation. The
carrier phase of the signal are then estimated by extracting the
phase variation of the signal in the low-frequency region [14].
In the channel estimation stage, another training sequence is
used and signal-phase aided LMS is applied assuming a 64
way bus in parallel [15]. To further improve the performance,
maximum likelihood sequence estimation (MLSE) technique
is also applied. Finally, the recovered symbols are decoded
for BER measurement. For both downstream and upstream
signals, the receiver sensitivity is calculated at forward error
correction code (FEC) BER threshold of 10−2.

III. RESULTS AND DISCUSSION

For the performance evaluation, a variable optical attenuator
(VOA) is applied at the receiver side to emulate the power
splitter in the optical distribution network for both upstream
and downstream signals, as shown in Fig. 1. We first evaluate
the upstream performances at back-to-back case. As shown
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Fig. 2. BER versus received power at back-to-back case for upstream signal
with (a) different DSP schemes and (b) different SOA output power Pout.

in Fig. 2(a), the receiver sensitivity is only -19.4 dBm with
neither LUT-based pre-distortion nor MLSE. When both LUT-
based pre-ditortion and MLSE techniques are used, the re-
ceiver sensitivity can be improved to -22.2 dBm. Then we
investigate the effects of SOA. It can be seen in Fig. 2(b) that
the performance is degraded when the output optical power of
SOA is increased. Figure 3 gives the 25 km SSMF transmis-
sion performances. In Fig. 3(a), the BER performances versus
receiver power are measured under different launch power
conditions. The maximum power budget is 30.8 dB when the
launch power is 9.5 dBm. The power budget versus launch
power with EDFA-based booster is also studied in Fig. 3(b).
It is noted that the power budget can achieve 32.8 dB if EDFA
is used as the boost amplifier. The performance difference is
mainly because the output power of SOA is nearly saturated
if the output power >10 dBm, when more nonlinear noise is
generated. However, the SOA is preferable at the ONU side
due to its ease of photonics integration.

We also investigate the required length of training sequences
for the upstream signal recovery. The training sequence with a
symbol length of 1024 is used for frame synchronization. The
auto-correlation peak in the frame synchronization is shown in
the inset of Fig. 4. For the channel estimation based on another
training sequence, it can be seen in Fig. 4 that the penalty is
less than 0.5 dB when the symbol length of synchronization
pattern achieves 5632. Therefore, more than 30 dB power
budget can be achieved for the upstream signal with a total
training length of 6656 (∼133.1 ns).

The performances of the downstream signal are then eval-

Fig. 3. (a) BER versus received power of upstream signal after 25-km SSMF
with different launch power, and (b) power budget versus launch power Pin.

Fig. 4. Power budget penalty versus length of training symbols in the channel
estimation stage for the upstream signal. Inset: auto-correlation peak in the
frame synchronization stage.

uated under two coherent detection schemes as described in
the inset of Fig. 1. The performances of power budget versus
launch power are shown in Fig. 5(a). When the LO power is
11 dBm, the maximum power budgets for balanced detection
is 37.7 dB. The maximum power budget for single-ended
detection is reduced to 32.8 dB at the LO power of 10 dBm.2

Under the balanced detection scheme, we also explore the
potential to minimize the cost by reducing the required LO
power. As shown in Fig. 5(a), the maximum power budget
with balanced detection is reduced to 32.9 dB when the LO
power is reduced to 4 dBm. At the optimal launch power of

2Single-ended detection LO power is 1 dB lower since there is no ODL.



JOURNAL OF LATEX CLASS FILES, VOL. 14, NO. 8, AUGUST 2021 4

Fig. 5. (a) Power budget versus launch power of the downstream signal after 25 km SSMF link with balanced and single-ended detections, (b) BER versus
received power of downstream signal with balanced detection, and (c) BER versus received power of downstream signal with single-ended detection.

Fig. 6. Performance of bidirectional transmission after 25 km SSMF link.

11 dBm, the receiver sensitivity of downstream signal at back-
to-back and 25 km SSMF transmission cases with balanced
detection is shown in Fig. 5(b). Around 1.5 dB performance
degradation is observed at the optimal launch power after 25
km SSMF link. We also investigate the downstream receiver
sensitivity for the single-ended detection at back-to-back and
25 km SSMF transmission conditions, as shown in Fig. 5(c).

Finally, bidirectional transmission performances are inves-
tigated. As shown in Fig. 6, no notable penalty is observed
between unidirectional and bidirectional transmission. This is
mainly because the frequency separation between the upstream
and downstream is large and the isolation between the red and
blue ports of the red/blue diplexer is high (>35 dB).

IV. CONCLUSIONS

We have proposed and experimentally demonstrated a bidi-
rectional 100 Gb/s/λ symmetric coherent PON system with
more than 30 dB power budget after 25 km SSMF link based
on a simplified ONU transceiver. The minimum bandwidth
requirement of the whole PON system is 25 GHz. For the 25
GBaud Alamouti-coded 16-QAM downstream signal, a power
budget of 32.9 dB is obtained with ONU LO power of 4 dBm
using balanced detection. A 32.8 dB power budget can also
be achieved with a simpler single-ended detection; however,
with an increased LO power of 10 dBm. For the 50 Gbaud
PAM-4 upstream signal based on EML transmitter, the power
budget of 30.8 dB is obtained.
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