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Abstract

We simplify phase retrieval receiver by directly using transmission fiber as an dispersive

element. Performance enhancement is achieved by employing constant modulus constraint of 40-Gbaud
QPSK and 8-PSK signal after 40-km single-mode fiber transmission. ©2022 The Author(s)

Introduction

Reconstruction of the full electric field of an opti-
cal signal at the receiver (Rx) enables transmis-
sion of advanced modulation formats!!l, multiple-
input multiple-output processing of polarization-
and space-division multiplexed signals?, and dig-
ital compensation of linear and nonlinear impair-
mentsBH4. A conventional coherent Rx recov-
ers the entire signal field, but requires a costly
laser source as the local oscillator (LO) located
in the RxBHEl.  To eliminate the need for any
reference oscillator and enable coherent-like full-
field signal reconstruction with intensity-only mea-
surements, phase retrieval (PR) Rx has been
proposed and experimentally demonstratedJ-19).
PR Rx based on alternative projectionl”) can use
low-complexity modified Gerchberg-Saxton (GS)
algorithms to recover the full complex valued
field from intensity-only measurements. Disper-
sive propagation which converts phase modula-
tion into amplitude modulation is efficient in pro-
jection and relating the intensity-only measure-
ments. Simple PR Rx implementation only uses
two photodiodes and a dispersive element!”). By
adding a space-time (ST) diversity block, the per-
formance of the PR Rx can approach conven-
tional coherent detection’s sensitivity limit®). PR
Rx has shown promise in passive optical network
(PON) as a colorless full-field recovery scheme
to extend transmission distance and increase ca-
pacity!%.

In this paper, we experimentally demonstrate
a simplified ST diversity PR Rx employing trans-
mission fiber for alternative projection, which can
eliminate any additional dispersive element at the
Rx. Experimental comparisons are performed be-
tween the conventional PR (C-PR) Rxi® and the

simplified PR (S-PR) Rx through recovering 40-
GBaud QPSK and 8PSK signals after 40-km sin-
gle mode fiber transmission. Constant modulus
constraint (CMC) of the signal is applied during
the iterative process of the PR algorithm and sig-
nificantly improves the performance of S-PR Rx.

PR Rx with constant modulus constraint

Figure [1[a) shows the schematics of the single-
polarization C-PR Rx, which contains a dispersive
branch and a ST branch. For C-PR, a disper-
sive element with the dispersion value of Spg is
needed to produce intensity waveform I5. By iter-
atively propagating the estimated optical field be-
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Fig. 1: Schematic diagrams of (a) a conventional PR (C-PR)
Rx, (b) a simplified PR (S-PR) Rx to detect constant modulus
signals and (c) a modified GS algorithm with CMC for S-PR
Rx to iteratively reconstruct the signal.
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Fig. 2: Simulated BERs versus OSNR for 40-GBaud (a) QPSK, (b) 8PSK signal over various transmission distances and (c)
8PSK signal with different symbol rates over a 5-km SMF transmission.

tween the measured dispersive intensity Iz and
spatially mixed intensities I,4,, the modified GS
algorithm is able to retrieve the signal phases.

For constant modulus signals, S-PR directly
uses transmission fiber as an alternative disper-
sive element by employing CMC, which simplifies
the receiving structure, as shown in Fig.[T[b). The
received complex-valued signal is split equally
into three redundant copies each of average
power P, which are then temporally decorrelated
by the relative time delay matrix 7. The delayed
copies are then mixed spatially using a symmetric
three-by-three optical coupler with a coupling ma-
trix of H, which equally splits the average power
for all the outputs. Three photodiodes (PDs) are
used to capture three parallel time-diversity sig-
nals with space diversity and generate three in-
tensity measurements at the ST diversity mea-
sure plane Ia1, 142 and Ia3. Fig. [fc) shows
the schematic diagram of S-PR algorithm, where
CMCs are applied to each symbol sampling. The
estimated phases are updated during the iteration
between the two projected planes. To facilitate the
convergence of the algorithm, signal bandwidth
constraints, pilot symbols and symbol-wise phase
reset can be applied!™). The computational com-
plexity of the modified GS algorithm is &'(LiogL)
per iteration due to the FFT operations in com-
puting the dispersion propagation between differ-
ent projection planes, where L denotes the block
length.

Figures[2(a) and (b) plot the simulated BERs of
QPSK and 8PSK signals as a function of OSNR
at different transmission distances. It can be
seen that the performance of a S-PR Rx de-
pends on the link dispersion value, since mixing
more symbols benefits the convergence of the
algorithm. For a 40-km transmission, a S-PR

Rx has small OSNR penalties of 4.5 and 2.5 dB
at 10~2 forward-error correction (FEC) threshold
compared to an ideal coherent receiver for 40-
GBaud QPSK and 8PSK formats. Fig.[2(c) shows
the simulated BER-OSNR curves of 8PSK over
a 5-km single-mode fiber (SMF) transmission,
indicating that the OSNR penalty between PR
and coherent detection can be further reduced
at higher symbol rates for short transmission dis-
tances.

Experimental setup
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Fig. 3: Experimental setup of characterizing C-PR and S-PR
receiving schemes with and without CMC in PR iterations.

Figure[3shows the experimental setup to char-
acterize the performance of two PR Rx schemes.
A swept-wavelength laser (SWL) is used as the
light source for modulation to demonstrate the
wavelength-independent detection capability of
PR Rx192) A nyquist-shaped 40-GBaud QPSK
signal with a length of 24 is generated from an in-
phase and quadrature Mach-Zehnder (IQ-MZM)
modulator driven by a two-channel digital-to-
analog converter (DAC). An erbium-doped fiber
amplifier (EDFA) is used to boost the output
power to 11 dBm. After SMF transmission, the
received signal is amplified and filtered to elimi-
nate out-of-band noise before being sent to the
C-PR and S-PR Rx for comparison. The rela-
tive delays of T are 0, 10, 20 symbol periods
for both schemes. Spg is set to -330 ps/nm for
C-PR. The signal intensities are detected by 40-
GHz PIN PDs and captured at 80 GSa/s using
a multi-channel analog-to-digital converter (ADC).
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Fig. 4: Measured BER curves versus number of iterations
allocating different pilot symbol percentages with and without
CMC during iterations for (a) QPSK with C-PR,(b) QPSK with
S-PR, (c) 8PSK with C-PR, and (d) 8PSK with S-PR.

The captured waveforms are processed offline.
Reconstruction of the signal field is performed by
a parallel, block-wise PR algorithm™ with a block
length of 4096 samples at 2 samples per symbol,
followed by BER calculation.

Experimental results

Figures [4[a)~(d) show the BERs versus number
of iterations for QPSK and 8PSK signals with a
C-PR and S-PR Rx employing different pilot sym-
bol percentages, respectively. It can be seen
that C-PR generally outperforms S-PR at the cost
of hardware and computational complexity. The
performance of S-PR is significantly improved by
CMC for both modulation formats and for vari-
ous pilot symbol percentages. Figures [5(a) and
(b) show the measured converged BERs of S-
PR over time at a wavelength drift rate of 5000-
nm/s from 1550 to 1552 nm in a 400-us time win-
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Fig. 5: Measured converged BER curves of S-PR over time
corresponding to a wavelength range from 1550 to 1552 nm
with different pilot symbol percentages, with and without

CMC for (a) QPSK and (b) 8PSK signals.
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Fig. 6: Average BERSs versus different pilot symbol
percentages for (a) QPSK and (b) 8PSK for different PR
schemes.

dow. Stable BER curves can be achieved for
various pilot symbol percentages. With at least
3.125% pilot symbol percentage for the CMC-
assisted cases, 7% as well as 20% overhead
(OH) FEG thresholds of 4.5 x 1072 and 2.2 x 102
can be achieved for QPSK and 8PSK formats, re-
spectively. The average BERs versus different pi-
lot symbol percentages for QPSK and 8PSK are
shown in Fig.[6l For C-PR Rx schemes, the im-
plementation of CMC shows little difference. For
S-PR Rx schemes, CMC can reduce the aver-
age BERs by 1 to 2 orders of magnitude for a
fixed pilot symbol percentage. Assuming a pilot
symbol percentage of 3.125%, a net data rate of
72.08 Gbit/'s and 93 Gbit/s can be achieved for
the S-PR scheme using CMC with a 7% OH FEC
using QPSK and a 20% OH FEC using 8PSK for-
mat.

Conclusions

We have proposed and experimentally demon-
strated a simplified PR Rx directly employing
transmission fiber as a dispersive element for al-
ternative projection. For the S-PR Rx scheme,
faster convergence, lower percentage of required
pilot symbols, and improved BER performance
can be achieved using CMC during the algorithm
iteration process. While a C-PR Rx generally out-
performs its S-PR counterpart in performance, a
S-PR Rx with CMC can effectively reduce hard-
ware cost and computational complexity. This
work shows that it is possible to eliminate any
alternative dispersive element for a PR Rx, thus
making a simple, cost-effective Rx front-end to
detect carrier-less complex-value signals.
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