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Abstract: [Objective]Mode-division multiplexing is a key technology to break through the capacity limit of single-mode fiber
systems. In the few-mode fiber links, the pulse broadening caused by intermodal dispersion increases the complexity of multi-
ple-input-multiple-output algorithms in the receiving terminal, which is one of the important reasons for limiting the implemen-
tation of long-haul transmission in mode-division multiplexing systems. The application of mode permutation methods can ef-
fectively compress pulse broadening and reduce mode-dependent loss, making it a mainstream technological approach for achie-
ving long-distance, high-capacity mode-division multiplexing system transmission. However, there are numerous mode-permu-
tation strategies with varying performance, and exploring mode-permutation strategies that are more suitable for long-distance,
high-capacity mode-division multiplexing systems has become an urgent problem to be solved. [Methods)In this paper, we pro-
pose that the mode permutation strategy should match the mode group delay distribution of the fiber. Besides, we design a Mir-
ror-Flipped Mode Permutation(MFMP)strategy based on few-mode fibers with symmetric mode delay. By modeling on a simu-
lation platform, the transmission performance of mode-division multiplexing system based on the proposed MFMP is analyzed
and verified through 6-mode multiplexing transmission experiments. [Results]In this paper, based on the proposed MFMP
strategy, 822-km 6-mode transmission over a mode-delay-symmetric few-mode fiber is experimentally demonstrated, carrying
quadrature phase shift keying signals at 28 GBaud. At 616 km, compared to Cyclic Mode Permutation(CMP) and Cyclic Mode-
Group Permutation(CMGP) methods, the signal pulse broadening is compressed by 37% and 6% , and the Q-factor is increased
by 3.0 and 0.4 dB, respectively. [Conclusion]The proposed MFMP strategy can effectively compress pulse broadening, and im-
prove the Q-factor of the system, while the advantages of this method over traditional two types of mode permutation strategies
are verified via simulation and experiment. It should be noted that our work provides the theoretical basis and experimental
guidance for achieving long-haul and high-capacity mode-division multiplexing transmissions based on mode permutation strategies.
Key words: mode-division multiplexing; few-mode fiber; mode permutation

Wk H 41:2023-10-12; & 18] H 39 :2023-10-26 5 YRS AR H B - 2025-02-10

R T H HRK A ARA IR BITH (62105241) s KT A AFF24 3 & BB I H (21JCQNJC00540)

YEZ T A8 REA1997—) B i dufH i, B, EBF 57 0 KR B R4,

WAFEE X, B35 5t . E-mail: liuyp@tju.edu.cn

© Editorial Office of Study on Optical Com munications. This is an open access article under the CC BY-NC-ND license.

230152-01



2025 4F A1 REE 247 )

=)
w
[

IEAE R LR I 3 A S R A A R A
ERGEICIE R IR R W AR R, S0E
FHEARFIH 208 8 DB A b 5 R [R] 25 1805 18k
A7 A8 S B L AN O o 58 e A1 £ 45 R BR 1Y
ME— i Ry S8R MRS T Y 4y SRR AR Ry
S A PR G vy 2 T) 52 %8 R L ARG I 1t A%z A 5
] e AR SO0 R 7R BE 1 Bl 2R 4% i 3 5 1Y 45 i
PEF4 05 T HAT B RWE 0 AT T I 2 i B 25 43 A
FORF IR A O (A5 2 RH DG 0 6 R S Pkl . B X AR 1 4
A BE A% A7 R4 Hs 46 Tk v JRe 5 9/ NS ORH DG AE L T 4F
KeZ Bz R, 2019 4F, H A Shibahara 46 A #
7B E R IR B TR U E 1 (Cyclic
Mode Permutation, CMP) % %t ; 2020 4, Shiba-
hara 55 A\ BFXF 6 BEA% fy 22 g8 B3t 7 BLREAR 9 (Cy-
clic Mode-Group Permutation, CMGP) £ g |

MR WO iy IR A R &
CMP Fl CMGP P Bl 5 976 56 s . B ok Ui X
M ASBEAHY A2 e 8 2 AF AR M B 3fe A B 706 5 s 1
FIRETE . PRI, 38— 30 UE T A 6906 3R W 0 M 2 LA
SEL PR T BT R TG SR g L DB LT AR B
FIR A R R A2 HF A1 R R 5 R (75 7 23 ) DT O
Ve PERE I H DR TR SR MG . BE T AR SR Y T — R
FEF B A X R TR A B ) X R =X FE A (Mirror-
Flipped Mode Permutation, MEMP) 5 I , i 12 )5 Bl
SR PEAL O T H S AR G AR A S 1 PERE

(a) CMP

(b) CMGP

1 MFMP 3K Bg§

TERE SRS ] R Ge b, B A% i IR 5 A 185 o, /DA
He £ 19 22 9 B U B ZE (Differential Mode Delay,
DMD) JL T DL &k 1 6 R B4, A% =X %% G Ak 6% 2% 1
DMD FIAE = HE A 51 19 15 5 Bk ob J& 5, DI B4 %
Pl B A S T R A . — ok L B U
8 7 1% 02 3 Ao A8 4 5 s bR X AR 4 R i 2 R 2R 1
PRIRLAINY B XF S EmET 15
JRE B 4 e A Sy A A 1A 5 Ak 2 A% L 225 — 1R
W JEW S A R K el 20 ) e aE XL N AR X AR 1
BG4 - —T5 1 5 B UE BRI B S
W JEL 0 LG B 2% 2o B A s TR SR . AN P AT SR
AR T 20 1 AN S ENESRANE . &%
SR DMD h% . 55— I, fE 50 06 i & b Al 8 O
ARLT] ) il et 2 R AR TR TR i) 4 B R ZE AR &

K 1Ca) FEL 1(b) 4351y CMP Fil CMGP 3 g
R PR ETaE s W Ry o5 S Y B I NEOR
B BAEAEAR T OF A9 BBl O R R v R ok . LR
G B A R I S HE A 5 RE [F] R A A 1 R
W P AR5 o R R AEE R0 R A A 1 S 5 R e A R
PRFE A /N (A5 R B 5 480 1 S0 106 58 s 2 T AT R L1
T H DA A v HASE AL B R S b A 2 R
1o ARG R . AR R R B AR SO T
—Fh MFMP 0, 0 1(o iR, B LP, 5
B Py, 28 46, R AR B B Py, F UK 5 B B 1Py, 28
e, DL BT A 1 AR S e B AR 1 AR

(¢) MFMP

T LPo JLP1y JLPyyy JLPoyy JLPoy 8 LPg 6 4 I8 6 AN SR dR AL, o LPyy A LPyy, Py, 8 LPyy, 3 B 4 FFHE, U Fr

350 /16 MR R A A B A

Bl ZEBEXRMBEABTEH

Figure 1 Different types of mode permutation strategies
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Figure 3 Simulation results for 6-mode transmission based on different mode permutation strategies
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Figure 4 Experimental setup for the 6-mode transmission system based on MFMP
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