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Abstract: We review recent work on low-complexity coherent transceivers for future optical
access networks, using single-photodiode heterodyne detection with DSP-based linearization and

polarization-independent operation through the use of Alamouti coding.
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1. Introduction

Throughput requirements of access networks are rapidly increasing, driven by data-intensive applications including
high-definition, low-latency video-on-demand and the Internet of Things [1]. The ITU-T has recently standardized
second generation passive optical network (PON) technology, NG-PONZ2 [2], which exploits time and wavelength
domains in order to offer network throughputs of up to 40 Gb/s. However, projections of required network capacity
for optical access networks suggest that the demand may reach ten times this value by 2025. Due to their scalability,
wavelength division multiplexed (WDM) PONSs, in which a wavelength is dedicated for each user, have recently
been considered by network operators and service providers [3,4].

Since optical amplification is not used in such networks, which typically have high losses due to the fibers and
the optical 1:N splitters at the remote nodes, high sensitivity receivers are needed in both the optical line terminal
(OLT) at the Central Office, and in the optical network units (ONUS) at the customers’ premises. This can be
achieved using coherent detection [5]. For the OLT, a high throughput (hundreds of Gb/s) dual-polarization
transceiver (TRx) employing intradyne coherent detection and serving multiple ONUs may be a practical solution,
since its cost is shared across multiple network users. However, much simpler TRx solutions will be required for the
ONUEs, since the cost of each ONU is borne by a single user.

Consequently, much research has been carried out on reduced-complexity coherent TRx technology for the
ONU. Design simplifications being investigated include polarization-independent signal detection (avoiding the
requirement for polarization rotation/splitting), heterodyne detection (avoiding the need for an optical hybrid and
allowing the use of a single analog-to-digital converter) and the use of a single photodetector, in place of balanced
detectors.

2. Reduced-complexity coherent receivers for ONUs

The complexity of a coherent receiver can be significantly reduced if it can be made polarization-independent, and
the need for polarization demultiplexing is avoided. While direct-detection receivers are inherently polarization-
independent, single polarization coherent receivers are not; the state of polarization (SOP) of the received signal is
random and varies dynamically during transmission through the fiber. If the received signal SOP is not correctly
aligned with that of the local oscillator (LO), a loss of signal results. A number of solutions for this problem have
been proposed [6-8]. The use of Alamouti coding [9] in a simple polarization-time block coding of the signal has
been proposed and demonstrated to achieve polarization-independent coherent reception [10-12]. Although the
coding results in a 50% redundancy, the ONU receiver can operate without the need for received signal and LO
polarization alignment. Alamouti-coded transmission and heterodyne detection, using a 3-dB coupler and balanced
photodetectors has been demonstrated in a 10.7 Gb/s orthogonal frequency division multiplexed quadrature phase
shift keying (OFDM-QPSK) system experiment, with just 58 photons-per-bit being required for error-free operation
[13].

The use of heterodyne detection with a single photodiode has been investigated in [14]. This provides a saving of
one photodiode, but results in signal-signal beating interference (SSBI), in contrast to the case with balanced
detection. Solutions that have been proposed to overcome this include the use of a high LO-to-signal power ratio, so
that the wanted signal-LO beat terms dominate over the signal-signal beat terms [14], and the use of digital signal
processing (DSP) to mitigate the SSBI, e.g. the Kramers-Kronig scheme [15-18].

A possible future low-complexity ONU TRx design, combining Alamouti coding and single photodiode
heterodyne detection, is shown in Fig. 1. A heterodyne receiver, based on a 3-dB coupler and a single photodiode, is
used to receive the downstream (DS) M-ary quadrature amplitude modulated Alamouti-coded signals. The Alamouti
coding at the OLT transmitter is employed to achieve polarization-independent signal reception, while signal-signal



beat interference mitigation is achieved using the Kramers-Kronig scheme in the ONU Rx DSP. A single dual-
output laser doubles as the downstream LO and the upstream Tx optical source, with real-valued modulation (e.g.
pulse amplitude modulation) being carried out for the upstream signal using an integrated electroabsorption
modulator. Using these techniques, high sensitivity reception can be achieved with a minimal increase in system
complexity compared to the direct detection receivers currently used.
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Fig. 1. Optical network unit (ONU) design, using a single photodiode heterodyne receiver, with polarization-independent operation using
Alamouti coding for downstream signal detection, and electroabsorption modulator-based transmitter.
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