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Abstract: We investigate the principle and performance of fractionally-spaced adaptive
single-carrier frequency-domain equalization for 16-QAM100G coherent optical communi-
cations. The proposed solution is shown to be robust againstlinear impairments.
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1. Introduction

The use of multilevel modulation formats combined with digital signal processing enables spectrally-efficient long-
haul coherent optical transmission. Linear time-domain equalization (TDE) has received much attention as a means
for compensating chromatic dispersion (CD) as well as Polarization Mode Dispersion (PMD). In particular, adaptive
algorithms based on the Least Mean Squares (LMS) or the Constant Modulus (CM) criteria have been extensively
studied. However, TDE often requires filters with a large number of taps as the equalizer length increases linearly with
the amount of CD to compensate [1]. In order to keep a low-complexity receiver, a frequency-domain implementation
of the fixed CD compensating filter has been proposed [2].

Another frequency-domain approach is Single-Carrier Frequency-Domain Equalization (SC-FDE), which allows to
jointly cope with CD and PMD at reduced complexity. SC-FDE for coherent optical communications has been studied
in [3,4]. In [3,4], a symbol-spaced FDE is used. Known pilot symbols are periodically transmitted in order to estimate
the channel and compute the FDE coefficients.

In this paper we propose an adaptive implementation of a fractionally-spaced SC-FDE. Fractionally-spaced equaliz-
ers (FSE) are more robust to a sampling phase error than symbol-spaced equalizers. After an initial training period, our
algorithm tracks the channel variations in a decision-directed manner. Section 2 presents the structure and principleof
the adaptive SC-FDE. Section 3 discusses performance of thesystem.

2. The adaptive SC-FDE system

SC-FDE is a frame-based single-carrier transmission technique that relies on a particular frame format in order to
allow for efficient block equalization in the frequency domain at the receiver [5]. Specifically, data is segmented into
blocks ofN symbols. As for OFDM, a cyclic prefix (CP) is added to the beginning of each block by reproducing the
lastNcp symbols of the block before transmission. The aim of the CP istwofold: removing interblock interference and
turning the channel linear convolution into a circular one.

The single-input single-output (SISO) equalizer architecture is shown on Fig.1b. For aT/2-spaced equalizer, the
received signal is sampled at twice the symbol rate. After CPremoval and serial-to-parallel conversion, the samples
are processed blockwise. A 2N-point FFT converts the received block into the frequency domain. The 2N frequency-
domain samplesYl are then weighted by the 2N FDE coefficientsWl . In principle, a 2N-point IFFT should then be
applied to return to the time domain, and the equalized signal should be downsampled at the symbol rate before
entering the decision circuitry. It can be shown that downsampling can be advantageously realized directly in the
frequency domain by adding the frequency componentsl andl +N for 0≤ l ≤ N−1. By doing so, the IFFT length is
reduced toN-point only. Then, the decided symbolsd̂l are subtracted to the equalized signalzl to form the error signal
el = zl − d̂l whose discrete Fourier transformEl will be used to update the FDE coefficients.

For Polarization Division Multiplexed (PDM) transmission, four SISO FDEs are required to jointly cope with CD
and polarization dependent effects, as illustrated in Fig.1a.



Fig. 1. The SC-FDE architecture: (a) The joint CD and PMD equalizer, (b) The SISO FDE

Adaptation of the FDE weights is based on a block LMS criterion in order to converge towards the equalizer that
minimizes the mean square error over the block. As for LMS-based TDE, a preamble of known data blocks is required
at the beginning of the transmission to train the FDE in a data-aided manner. After the initial training period, the FDE
weights are continuously adjusted in a decision-directed manner.

3. Simulation results

In order to evaluate the performance of the proposed system,we simulate 112Gbit/s PDM-16QAM transmission
(14Gbaud per polarization) over uncompensated ITU-T G.652fiber with dispersion parameter 17ps/nm/km. Transmit
and receive electrical filters are square-root raised-cosine filters with roll-off factor 0.3, and sampling at twice the
symbol rate is performed after the receive filters. The structure of Fig.1a is used for jointly equalizing CD and PMD.
Perfect carrier synchronization is assumed, and no phase noise is considered.

Fig. 2a shows tolerance of our algorithm to CD forNcp = 110 symbols andN = 1024 symbols (10.7% overhead),
in a transmission with a fixed DGD of 90ps. The symbol rate has been increased to 15.5Gbaud to take the overhead
into account. With these parameters, the equalizer is able to compensate up to 47000ps/nm of CD, but is severely
affected by interblock interference for higher values of CD(insufficient CP length). Finally, the dynamical behavior
of the adaptive SC-FDE is evaluated using an endless polarization rotation, as suggested in [1]. Fig.2b shows that the
transmission suffers from an OSNR penalty of 1dB for an angular frequency of 2×104 rad/s.
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Fig. 2. (a) OSNR performance at BER = 10−3 vs. CD (DGD = 90ps) ; (b) Dynamical behavior of
the adaptive SC-FDE

4. Conclusion

We investigated a single-carrier transmission system using an adaptive frequency-domain equalizer for compensation
of linear optical impairments.
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