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Abstract

Objective The orthogonal frequency division multiplexing (OFDM) is currently widely studied for wireless optical
communications. Asymmetrically clipped optical OFDM (ACO-OFDM) is a unipolar technique with high energy
efficiency, but only odd subcarriers carry data, resulting in low spectral efficiency. Layered ACO-OFDM (LACO-
OFDM) is proposed to improve the spectral efficiency of ACO-OFDM. Among many unipolar OFDM technologies,
LACO-OFDM has the highest signal-to-noise ratio (SNR) gain at the same spectral efficiency. The maximum
likelihood detection of the current layer signal must be conducted in the frequency domain in the conventional LACO-
OFDM receiver. The detection result is then fed back to the received signal, and the upper ACO-OFDM is restored,
which is called iterative detection. However, the nonlinear noise in the iterative detection receiver in nonlinear
channels can be transmitted from the lower to the upper layer of LACO-OFDM. The performance of the LACO-OFDM
system deteriorates due to iterative detection. A noniterative detection receiving method is proposed in this paper to
mitigate the nonlinearity for LACO-OFDM.

Methods The maximum likelihood detection in the frequency domain of the proposed receiver is removed, which is
used in the conventional iterative detection receiver. First, fast Fourier transform (FFT) is performed for the
received LACO-OFDM signal (Fig. 1). Then, Layer | of LACO-OFDM is directly demodulated. The inverse fast
Fourier transform (IFFT), asymmetric clipping, and FFT are performed for Layer [ to restore Layer [ + 1. Layer [
can then be removed for the received LACO-OFDM signal to obtain the Layer [ + 1. The noniterative detection
receiver has some performance loss in the additive white Gaussian noise channel. However, this receiver does not
introduce nonlinear noise into the upper ACO-OFDM layer in the nonlinear channel, thus avoiding the nonlinear noise
propagation between ACO-OFDM layers. The complexity of the conventional iterative detection receiver depends on
FFT and IFFT. Compared with the conventional receiver, only iterative detection is not used in the proposed
scheme, while other steps remain the same. Therefore, the complexity of the proposed receiver is consistent with
the iterative detection receiver.

Results and Discussions Simulation results of the proposed and iterative detection receivers for LACO-OFDM are
presented in this paper. The bit error rate (BER) performances are provided considering E,..,/N,. The total
number of subcarriers N is set to 1024. First, the peak-to-average power ratio (PAPR) analysis of each layer in
LACO-OFDM systems is required. The R iprof Layer [ is higher than the Rt of Layer [ +1. The number of data-
carrying subcarriers in the frequency domain of Layer 1 is 512, while that of Layers 2, 3, and 4 are 256, 128, and
64, respectively (Fig. 2). Additional subcarriers in the frequency domain lead to high PAPR in the time domain.
Layer 1 has serious nonlinear distortion because the LACO-OFDM of Layer 1 has the highest PAPR. The nonlinear
distortion decreases with the increasing number of layers. Simulation results of LACO-OFDM in the nonlinear
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amplitude clipping channel are presented to analyze the nonlinear distortion of each layer (Figs. 3, 4, and 5). The
nonlinear noise is transmitted from the lower to the upper layer with iterative detection in the frequency domain,
which leads to poor performance [Fig. 3(a)]. Layer 1 is most affected by nonlinearity in the noniterative detection
receiver, while Layers 2, 3, and 4 are only slightly affected by nonlinearity [ Fig. 3(b)]. This finding is due to the
absence of iterative detection and transmission failure of nonlinear noise of the lower to the upper layer. The BER
performances for LACO-OFDM with three layers and different M-quadrature amplitude modulations ( M-QAMs) in
the amplitude clipping channel are presented (Fig. 4). Compared with the iterative detection receiver, the proposed
receiver has 1.5 dB—2.0 dB SNR gain at the 7% forward error correction (FEC) limit. The BER performances for
LACO-OFDM with 16-QAM and different numbers of layers in the amplitude clipping channel are shown in Fig. 5.
The proposed receiver has 1.0 dB-2.5 dB SNR gain compared with the iterative detection receiver. The nonlinear
noise cannot be transmitted to the upper layer in the noniterative detection receiver, which has some SNR gain. The
advantage of noniterative detection will be achieved as the number of layers in LACO-OFDM increases.

Conclusions A noniterative detection method is proposed in this paper to reduce the nonlinear interference of the
LACO-OFDM system in nonlinear channels. Maximum likelihood detection in the frequency domain of the proposed
noniterative receiver is not required, which can avoid the propagation of nonlinear noise from the lower to the upper
layer of LACO-OFDM. Simulation results show that the PAPR of LACO-OFDM signals of Layer 1 is the highest in the
nonlinear amplitude clipping channel, which has the highest level of nonlinear interference. Each layer signal is
independently demodulated in the noniterative detection receiver, and the frequency domain detection of the first
layer signal is not performed. Therefore, the nonlinear noise of Layer 1 is not transmitted to the signal of the upper
layer, and the ACO-OFDM signal of Layers 2, 3, and 4 is almost unaffected by the nonlinearity. Compared with the
iterative detection receiver, the performance of the proposed receiver exceeds that of the iterative detection method
with the enhancement of nonlinearity. The SNR gain of the proposed receiver is 1 dB-3 dB at the 7% FEC limit.
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