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Fig. 1 Loop structure of the clock recovery algorithm
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Fig. 3 Proposed DSP scheme

X35 )G WG 5 iE A AEQALH , AEQ R H P 2 R 3 i1, AR 2 €8 850 L PR 5T €20 1 5 A [) 1 e 45 4 i
o 56— % A A2 00 AR, SR AT BC B R SR 250 B S NV B 5 NS RS I Sk o sk
FH T M2 4 9 B9 A5 8] 40 5 32 B 6k, 52 OOt Sk 7 4k P50 4 1) /9 55 R & 5 R . xR 32 52 Al Sk
S35 HOph Sr B E AT R AR TR R A B 0 OGBS I AN 4X4 RV-MIMO, HoAh Sk 808 Ny, HF
TH R 28 505 — M5 I B A 00 Ml R e 2% 5 £ 400, 5 J0ONT 240 ) O 40 0 52 o 3% 1 0 38 A % L A% v B R I
PR, Qi 3 B, M 23 4 3R 7 e Ak BT SR T C RS R T AT i Sk B0 AT AR SE PR AR IR . YN, 5 N iR
NEN, RGN B W AR . TERRAR A F 22 R AUE Ok B CROACH A K ol iR B2 94 ] (Pulse Amplitude
Modulation, PAM) 3] ffif 2% B °] #4 i S /M DSP 484y, R B A XA # e h :H, = H, ,, + poe. X0
S 2 0B R R4 5 AT A5 A 5 IR 5 2R (Bit Error Rate, BER) T3 .

2 EHERSSMH

DI H ARG I E M 4078 o R A F 2 A0 TR0 284 %) 56 GBaud 16QAM {555 HEAT 1% filr 5 e Wbk RETT
i o R GHImEOERRER 56 100 kHz, fi i 6 IR 1 mW, B B 4 3 dB A 2 0 A%, — i H F15 5
il i A 2] DP-IQM B ; ) — B% 28 5 2 ke 5 #E B ABE 1 2F 1% 4y 21 35 Coherent Receiver BEHUE A AR S % |
TE K 3% v, DSP A 1 5 A= il Oh Bl B — 3 il P 51 ( Pseudo-Random Binary Sequence, PRBS) , £ 16QAM £F
I 5 2% 2 R Tk ol RO I T SRR DAZE B I 56 GBaud R FEHE S S . BEJE X PS5 9K 3 DP-1QM
56 I G 4 AE S R R BDGE0E B RIS AR 5l o AR fE B 2F (Single Mode Fiber, SMF) %
By, 9f- 28 i AT 78 % 2 A% (Variable Optical Attenuator, VOA) #2525 iU sh & . O B b 615
M [t (Optical Signal-to-Noise Ratio, OSNR) &S I8 5 R 48 1) OSNR . 7E 20 , 6 A% 5 B A T2 WL %
B AF S . R SE PR R G 0y, 745 5 i AR DSP AT, K5I A T 1Q skew 5 I8 A - 1
it o BE N DSP B S WK AT SR AR (I PR I S N A A A 3 O e 4850 3 4
R R EOR AR RGeS

0306001-4



SRR, A T IR AROR AR I B A S 1 3 D A 0 52 A B DI B DSP ST

R - DP-16QAM_
(T REDSP TR oy
______________ 1 [BRBICCSICNICGABERIN; .- ® 8|®® ¢ &8
FTTTAXDSP \ [ TwosmEeRV- |! !eefes sefes!
! PRBS : | IEMIMO(@USES)R|} 7M1= _t2l o
i [ Symbol mapping | ! _________ 1| 70 independent |
DP-16QAM ! Ny SEtEpHE| R -
'™ Resampling ! Resampling(@2SPS) !

- --
1=ses
Ao
N
0o
:
>
)
o
§
"
i
\\
&
&~
&~

Coherent
receiver

)

H4 GFHRAGEE
Fig. 4 The setup of the simulation system.
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Fig. 5 Fractional interval variation of NCO output under different SCO conditions. (a) At 100 ppm sampling clock offset;
(b) At 200 ppm sampling clock offset
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Fig. 6 S-—curves of sign-MM TPED under different conditions. (a) FO=0 GHz, LW=0 kHz, ROF=0.1; (b) FO=1 GHz,
LW=100 kHz, ROF=0.1; (¢) FO=1 GHz, LW=100 kHz, ROF=0.01
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Fig. 7 Timing jitter performance comparison of different TPEDs. (a) Impact of OSNR on timing jitter for different TPEDs with
ROF=0.2; (b) Impact of OSNR on timing jitter for different TPEDs with ROF=0.01
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(e) SCO=50 ppm B} ,4X4 RV-MIMO # t £ £ E ; ({) SCO=50 ppm & , Two-stage RV-MIMO % i £ & &

Fig. 8 Impairment compensation capability comparison of different AEQs. (a) Output constellations of the 2X2 CV-MIMO
without SCO; (b) Output constellations of the 4X4 RV-MIMO without SCO; (c¢) Output constellations of the Two-
stage RV-MIMO without SCO; (d) Output constellations of the 2X2 CV-MIMO with 50 ppm SCO; (e) Output
constellations of the 4X4 RV-MIMO with 50 ppm SCO; (f) Output constellations of the Two-stage RV-MIMO with
50 ppm SCO
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FH VU BTG BB 52 5 4X4 RV-MIMO Y515 25 22 5% 5 It 42 7 58 R F DU B0 e i 52 55 el a8 79 9 MIMLO 35 i
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P9 (a) X L T % S8 W A% 32k SR AR O 8 45 9T 488 5 R R R AE O 21 BER B OSNR (28 fh i 2k . 7 L6 T
2 ke A v BB YG £T 4 P P 0 €0 S 2R AR 3R sign-MIM B3 ik 5 T C B A Sk R G O N A Ak O R B

®1 7F[EDSPHERATLE
Table 1 Comparison of different DSP schemes

Algorithm composition Input o .
Schemes - — ) Real multiplications required
Clock recovery Adaptive equalization sampling rate
1 Two CR units 2X2 CV-MIMO Two SPS 16N
2 Four CR units 4 X 4 RV-MIMO One SPS 16N
Proposed Four CR units Two-stage RV-MIMO One SPS 4AN,+4N,+16N,(N, and N, can be selected)
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Fig. 9 BER performance comparison between the conventional oversampling scheme and the baud-rate sampling scheme.
(a) BER versus OSNR; (b) BER versus ROP
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Low—complexity DSP Scheme Based on Baud-rate Clock Recovery and
Adaptive Equalization for Short-reach Optical Interconnects

ZHANG Zhitao"**, ZOU Benyao*’, HOU Peng"*’, YE Jinyang"**, GAO Zhensen"*?,
LI Fan*®, QIN Yuwen"**
(1 Institute of Advanced Photonics Technology, School of Information Engineering, Guangdong University of
Technology, Guangzhou 510006, China)
(2 Key Laboratory of Photonic Technology for Integrated Sensing and Communication , Ministry of Education of
China, Guangdong University of Technology, Guangzhou 510006, China)
(3 Guangdong Provincial Key Laboratory of Information Photonics Technology, Guangdong University of
Technology, Guangzhou 510006, China)
(4 School of Electronics and Information Technology, Sun Yat-Sen University, Guangzhou 510275, China)
(5 Guangdong Provincial Key Laboratory of Optoelectronic Information Processing Chips and Systems , Sun
Yat— Sen University, Guangzhou 510275, China)

Abstract: With the rapid development of cloud computing and large language models, global mobile data
traffic has experienced exponential growth, imposing higher demands on data center interconnection
technologies. To achieve high-speed data transmission at 800 Gbit/s, coherent optical communication with
high spectral efficiency and support for advanced modulation formats has emerged as a key solution for
short-reach optical interconnects. However, traditional coherent receivers are hindered by high Digital
Signal Processing (DSP) complexity, which makes it difficult to meet stringent power and cost
requirements. To address this, this paper proposes a low—complexity DSP scheme based on baud-rate
sampling, which reduces computational complexity while maintaining performance for short-reach coherent
optical communications.

The proposed DSP architecture integrates a baud-rate clock recovery module with a two-stage
adaptive equalizer, both designed for low complexity. The clock recovery module employs a split-path
design comprising four independent units, each utilizing a sign-MM Timing Phase Error Detection
(TPED) algorithm. Operating at the symbol rate, this module uses a sign function to extract timing errors
from signal polarity changes. This approach enables robust compensation of Sampling Clock Offsets
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(SCO) and In-phase/Quadrature (I/Q) skew without requiring carrier recovery. Subsequently, a Two-
stage Real-valued Multiple Input Multiple Output (RV-MIMO) adaptive equalizer is applied. Its tap
configuration is flexible: the first stage uses N; main taps to mitigate intra—polarization impairments, such
as chromatic dispersion and inter-symbol interference, while the second stage includes N, cross—term taps
and a 4X4 RV-MIMO with N, taps to handle residual inter—polarization crosstalk and polarization
demultiplexing. This tunable structure allows the equalizer's complexity to be dynamically adjusted based
on channel conditions, thereby optimizing the performance—-complexity balance.

Simulation results under a 56 GBaud dual-polarization 16QAM transmission over 2 km standard
single-mode fiber demonstrate the effectiveness of the proposed scheme. The sign-MM TPED exhibits
robust performance against impairments such as carrier frequency offset and phase noise, with timing jitter
remaining below — 45 dB under various conditions. The two-stage equalizer reliably achieves Bit Error
Rate (BER) performance below the hard-decision forward error correction threshold, even in the presence
of 1Q skew. Compared to conventional oversampling—based DSP schemes, the proposed approach reduces
the number of real multipliers required in the equalizer by approximately 50% . This complexity reduction is
achieved with only minor penalties of 0.4 dB in Optical Signal-to—Noise Ratio (OSNR) tolerance and
1.1 dB in Received Optical Power(ROP) sensitivity.

In summary, this work presents a low—complexity DSP solution for short-reach coherent optical
interconnects, using baud-rate sampling to significantly reduce computational complexity while maintaining
performance. The integrated architecture, which combines I/Q-independent clock recovery with a
configurable—tap adaptive equalizer, enhances robustness against I/Q skew and sampling offsets, making it
suitable for data center applications. These attributes collectively make the scheme a practical and efficient
candidate for high—speed, power—and cost-sensitive applications such as intra—data center interconnects.
Key words: Baud-rate sampling; Clock recovery; Adaptive equalization; DSP; Coherent optical
communication
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