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Abstract The network data traffic has exhibited an explosive growth trend in the last few years. As the foundation of the
global broadband network, optical fiber communication systems have carried more than 90% of the data traffic and
developed towards multi-dimension, ultra-large capacity, and ultra-long distance. In this paper, we build an ultra-high
capacity-distance product single-mode fiber transmission experimental system to simulate transoceanic transmission. In the
transmitter, according to the optical signal-to-noise-ratio of the transmission link, different information entropies are used
to generate polarization multiplexing probability shaping 16-order quadrature amplitude modulation signals with different
transmission rates. The fiber transmission link is composed of the ultra-low loss large-effective-area fiber and the ultra-
wideband low-noise C-band erbium-doped optical fiber amplifier. The experimental system uses 129 wavelength channels
(the wavelength range is 1529.8 nm to 1568.2 nm) and realizes the transmission capacity of 28.09 Thit/s and the
transmission distance of 12000 km. Therefore, a capacity-distance product of 337 Pbit-s~'+km is achieved.
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Table 1 Main experimental results of ultra-high capacity-distance product space division multiplexing optical fiber transmission system
. . ) Product /
» . Wavelength /' Type of ~ Modulation Capacity / Distance / . Ref.
Condition Year Fiber type o ) . (Pbit+ Country
nm amplifier format (Thit*s ) km . No.
s '+km)
16-QAM
32C- C band (quadrature Japan
2017 46 , 1001 205. 6 205. 8 [6]
MCF EDFA amplitude (NTT)
modulation)
. 19C-6M- C—+L band 16/64- Japa
Ultra-high 2018 739 o 10160 113 114.808 T [7]
. FM-MCF EDFA QAM (KDDI)
capacity
ites 4C-3M- C—+L band J
(>1000 Thits ) 5019 368 T 256-QAM 1200 5.37  4oaa P g
FM-MCF EDFA (NICT)
38C-3M- C+L band 64/256- Japan
2020 368 10660 13 138.58 [9]
FM-MCF EDFA QAM (NICT)
38C-3M- C+Lband  4/16/64- Japan
2020 368 6200 65 403 . [10]
FM-MCF EDFA QAM (NICT)
12C-WC- C band USA
2016 90 8D-APSK 105.1 14350 1508. 2 [11]
MCF EDFA (TE)
12C-WC- C—+L band USA
2016 270 16-APSK 520 8830 4591.6 [12]
MCF EDFA (TE)
8D-QPSK
12C-WC- C band (quadrature USA
2019 152 . 130.8 12700 1661. 16 [13]
MCF EDFA phase shift (TE)
keying)
Ultra-long yime
distance CHL+S
4C-CC- band Je
(=3000km) 9021 552 o 16QAM 319 3001 957.319 P [14]
MCF E/TDFA+ (NICT)
Raman
4C-CC- C band Japan
2021 152 QPSK 50. 47 9150 461.8 [15]
MCF EDFA (KDDI)
CH+L+S
4C-CC- band Japan
2022 552 QPSK 184.8 8027 1483. 389 [16]
MCF E/TDFA+ (NICT)
Raman
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Table 2 Main experimental results of ultra-high capacity-distance product single-mode optical fiber transmission system

Wavelength / Type of Modulation Capacity /  Distance / Product / . Ref.
Year o . ! . . Country
nm amplifier format (‘Thits ') km (Pbit*s '+km) No.
C—+L band USA
2017 332 Opt32QAM 50. 962 11185 570 . [17]
EDFA (NEC)
C—+L band France
2017 179 PS-64QAM 65 6600 429 [18]
EDFA (Bell Lab)
C—+L band USA
2018 295 PS-40APSK 51.5 17107 881 [19]
EDFA (TE)
C—+1L band UK
2020 306 GS-64QAM 74.38 6300 468. 6 . [20]
Raman/EDFA (UCL)
C band China
2021 80 16QAM 16 10000 160 . [21]
Raman (CICT)
C band China
2022 129 PS-16QAM 28.2 8191 231 [22]
EDFA (SWJTU)
C+L~+S band Japan i
2022 552 QPSK 43.5 10072 438.132 [23]
E/TDFA/Raman (NICT)
C band China .
2022 129 PS-16QAM 28.09 12000 337 . This work
EDFA (SWJTU)
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