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ABSTRACT With the proliferation of the industrial internet, passive optical networks (PON) have attracted attention from industry
and academia. Industrial PONs need to meet the requirements of ultra-high speed, ultra-large connections, and low cost to be able to
cope with diverse industrial internet scenarios. Physical layer modulation formats, multiplexing modes, transmission schemes, and digital
signal processing algorithms have always been the focus of research in this field. Direct detection and 10 G devices are extensively
studied due to their low cost and ease of deployment. However, meeting the power budget targets of a high-speed PON can be
challenging. Transmission of a high-order modulation signal can improve the system’s capacity; however, it may also decrease the
receiver’s sensitivity. Polarization multiplexing technology, coherent detection, and advanced digital signal processing technology can be
utilized to meet the demands of industrial PON, such as ultra-high speeds, ultra-large connections, ultra-high capacities, high receiver
sensitivity, and high power budgets. The use of intensity modulation schemes at the transmitter would reduce the overall cost of the
system. Herein, we propose a digital coherent detection system with polarization multiplexing intensity modulation suitable for industrial
PON transmission. The 50 Gbit-s™' signals modulated with four-level pulse amplitude modulation (PAM 4) and on—off keying (OOK)

are transmitted on the simulation platform. Performance assessments of back to back (BTB) transmission and fiber transmission over 20 km
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are studied to prove the superiority of this proposed scheme. A power budget of more than 32 and 36 dB can be achieved with the

polarization multiplexing coherent detection system-based transmission of 50 Gbit's”' PAM 4 and NRZ signals, respectively, on a 20 km

C-band single-mode fiber at a threshold of 3.8x107%, which is a considerable improvement over intensity modulation direct detection

systems. The superiority of the proposed scheme is further verified by the fact that the 100 Gbit-s ™' PAM 4 signal has better transmission

performance in the polarization multiplexing intensity modulation coherent detection system than the NRZ signal. Considering the

system performance, the polarization multiplexing intensity modulation coherent detection scheme is expected to be one of the promising

solutions for high-speed PON systems. Finally, the development trends of the physical layer of industrial PON are discussed.

KEY WORDS industrial PON; ultra-high speed; ultra-large connection; low cost; digital equalization technique
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Fig.1 Simplified coherent system scheme: (a) configuration of the IQ-interleaved coherent detection scheme; (b) configuration of the self-homodyne

coherent scheme
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Notes: AGC-EDFA is automatic gain controlled erbium-doped fiber amplifier; ALC is automatic level control; ICR is integrated coherent receiver.
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Fig.6 Configuration of the burst mode receiver

Receiver digital signal processing

________________________________________________

__________________________________________________

i Frame Clock Pllostgll)ded Adaptive Frequency Phase BER :
synchronous recovery estimation equalizer compensation recovery calculation

________________________________________________

__________________________________________________

Notes: SOP is state of polarization
B 7 LATSRAER DSP AER

Fig.7 Block diagram of digital signal processing in the burst mode of transmission
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Fig.8 Experimental setup of PDM-PAM4 with the coherent system

Receiver digital signal processing
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equalization calculation

B9 4T DSP AbREHEN]
Fig.9 Offline DSP blocks of signal recovery
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