2026 4F 45 3 ot il fF B 5 2026. 06

B 255 STUDY ON OPTICAL COMMUNICATIONS (Sum. No. 255)
doi:10. 13756/j. gtxyj. 2026. 260017. 5 . 2025 © B AT BTE FIRICE

Feat b, PRE, FRIAK , %5 . LT SCKF I Fai Ab I PCS R mIRI G611, JEE 0o, 2026(3):28—36 .
QiaoJ S, XuH Y, Bai C L, etal. Polarization Impairments Equalization of PCS System based on SCKF and Subband Processing[ J].
Study on Optical Communications, 2026(3): 28—36.

JETSCKF K& T b PRI PCS R Bk 1014 Yo i ( # %)

FRIL,FED, ARA,FER, X a0 &
(1. Brm ks wEAFELE PR, LA R 252000; 2. IR T TR ZRKMAARLS R AT EEEE LA Bm  252000)

HWE.[B M)A T MR ERDF T HRiElhIKkE % (RSOP) BB IRA 4 (PMD) F 8 094 % % #3 % (MMA) % 2044 9]
M, AEMEN T REBBRBRGI T ELLERD, AATERE RO HRME, XFRE T —MHERN TEZ EEW
(PCS) £ 18 JE A H (QAM ) 43k 2R (PDM) & %o 6948 5 42 JE -F 77 AR 5 F R 208 (SCKEF) & F o 4L 22 49 7 - B AR 3k 4R 45
Y FE T FYLFRR G EANH i S TAKE E SCKF 5 FF4mAH % 1 HMERB KT Kk I 4 E%, 24 PCS
155 e it Ak S AR BIA ) e R R B A 3 B R M AT F X SCKF, 2 HLaF & B RSOP 5 PMD #9414 ¥ #5; % 2 Hr#k
FINF A ABER, FLTETBESIIERESAYBA AT A5, HAT TR K BR D #H 7 (LMS) 3% 34 #5, Ak
EEAMBERG S AT R FHASD, R E 2T miEk ZUEMNET, TR IFESAG %[44 R]132 GBaud PDM-PCS-
64QAM A uwgty AR A, EAZ R A 4.5 F= 5.0 bits/symbol & , b7 % T 4 51 A 23 # RSOP=18 Mrad/s 5 £ o #
# (DGD) % 30 ps. RSOP=13 Mrad/s 5 DGD=30 ps # B & 5i4h , L3941k 5 45 % SCKE %48 % ; 242 R 4 5.5 bits/
symbol B 45 46 4 2. RSOP=5 Mrad/s 5 DGD=30 ps 9 B& 545 B A Tarb oy £, Hsh, X F AR5 £t 4 5
FEAL A HE 4 SCKF 7 £ 62.19%, 5t L ERRAAZ R &4 T 422 (OSNR)RABEALT 1.5dB 24 £ (444 Erik,
LFRFTEERFERELLEAR B RFF T RIRIG BT 5 skl , A% 39 % T 090k kAR5 3 e
BT =T ETE,

KBE: FARERFTREIERMERZREEN; FF A, 707 Hk

FE 225 TN929 MERARRAD: A

Polarization Impairments Equalization of PCS System based on SCKF and

Subband Processing

QIAO Jingshuai', XU Hengying"?, BAI Chenglin’*, XU Yayun', LIU Hong', LIU Ting"
(1. School of Physics Science and Information Engineering, Liaocheng University, Liaocheng 252000, China; 2. Liaocheng
Key Laboratory of Industrial-Internet Research and Application, Liaocheng 252000, China)

Abstract: [Objective] To address the failure of traditional Multimode Algorithm (MMA) caused by rapid Rotation of State of
Polarization (RSOP) and Polarization Mode Dispersion (PMD) in extreme thunderstorm scenarios, and to alleviate the high com-
plexity of the current Kalman polarization impairment equalization scheme, this paper proposes a low -complexity two-stage polar-
ization impairment equalization scheme based on Square-root Cubature Kalman Filtering (SCKF) and subband processing, which
is designed for Probabilistic Constellation Shaping (PCS) Quadrature Amplitude Modulation (QAM) Polarization Division Multi-
plexing (PDM) system considering practical application. [Methods] The proposed scheme innovatively integrates a low - com-
plexity SCKF with subband processing mechanism. In the first stage, a large -step - size update strategy is adopted, incorporating
the statistical characteristics of the PCS signal and an optimally designed threshold decision to construct a probability -aware inno -
vation for a sliding-window SCKF. This achieves preliminary equalization of ultrafast RSOP and PMD. In the second stage, sub-
band processing technology is introduced, where the full-band signal is firstly decomposed by an analysis filter bank into multiple
subband signals. Then, the subband signals are processed in parallel using a low - tap Least Mean Square (LLMS) algorithm to
compensate for residual polarization impairments and Inter Symbol Interference (ISI). Finally, the signals are reconstructed
through a synthesis filter bank to complete the polarization impairment equalization. [Results] Simulation results on a
32 GBaud PDM - PCS - 64QAM system demonstrate that the proposed scheme effectively equalizes combined impairments of
RSOP=18 Mrad/s with Differential Group Delay (DGD)=30 ps at 4. 5 bits/symbol source entropy, and RSOP=13 Mrad/s with
DGD=30 ps at 5 bits/symbol. The achieved performance is comparable to that of the conventional SCKF -based approach. At a
higher entropy of 5. 5 bits/symbol, it remains capable of handling RSOP=5 Mrad/s with DGD=30 ps , outperforming the bench-
mark scheme. Benefiting from the large -step update strategy and the subband-parallel architecture, the computational complexity
of the proposed method is reduced to only 62. 19% of the traditional SCKF scheme, while lowering the required Optical Signal-to-
Noise Ratio (OSNR) by more than 1.5 dB under various source entropy conditions. [Conclusion] In conclusion, the proposed
scheme significantly reduces computational complexity while maintaining excellent joint polarization impairment equalization capa -
bility and noise robustness, thereby providing a reliable solution for polarization impairment equalization in extreme scenarios.
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Figure 1 The DSP flowchart at the receiving end of the PDM-PCS system and the block diagram of this scheme
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Figure 5 Comparison of NGMI for different schemes in mitigating polarization impairments in PDM-PCS-64QAM systems
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