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Abstract We propose full-single λ operation under normal conditions and an ONU-side Fresnel 

antireflection for bypass and backup path switchable point-to-multipoint systems. The 4ONU optical 

coherent system provides full-duplex fiber transmission without power penalty using wavelength 

conversion and shared link switching for primary link failure. ©2022 The Authors

Introduction 

The 4th generation (4G) mobile communication 

system is a single-star (SS) physical topology 

with a dedicated parallel link that connects optical 

transmitters/receivers between centralized and 

distributed stations [1,2]. The cell range of the 5th 

generation (5G) mobile communication system is 

narrower than 4G system, and the number of 

radio base stations per space is higher. 

Previously, the optical access network (OAN) 

was popularized for conventional fiber-to-the-

home [3,4]. Another candidate for this network is 

a passive double star (PDS) physical topology 

with a shared cost-effective single link [5,6]. The 

PDS topology economically consolidates traffic 

from multiple radio base stations into a single 

optical fiber [7-10]. 

Flexible concepts, such as various optical 

fiber connections around the edge node with an 

optical gateway on the aggregation side, have 

also been proposed [11-13]. The recently 

reported disaster-tolerant switchable point-to-

multipoint (P-to-MP) optical communication 

system uses a dedicated fiber link characterized 

by low loss as the primary link and an economical 

shared fiber link as the secondary link [14]. Like 

the passive optical network (PON) protection 

discussed in the ITU standardization, the P-to-

MP configuration effectively uses the output 

terminal of the 2×2 optical coupler in the remote 

node [15-17]. Path-pair sharing protection 

methods that can be reconnected in a 

catastrophe where the primary and secondary 

links fail at the same time are also reported [18]. 

However, the link shared by the half-divided 

optical node units (ONUs) and the link shared by 

all ONUs are used as the dedicated primary link 

and shared secondary link, respectively, in the 

conventional switchable point-to-multipoint, 

system. Since the development of configuration 

protected wavelength division multiplexing 

(WDM) coherent PON systems, regular operation 

without link failures requires multiple operating 

light sources on the central station side. 

This research proposes a unique link 

switchable P-to-MP system consisting of a 

dedicated link for each ONU and a shared link 

that combines all ONUs as primary and 

secondary links, respectively. The proposed 

configuration can operate the entire system with 

a single wavelength under normal conditions. 

Therefore, the OPEX of the entire system can be 

reduced by consolidating the operating light 

sources on the optical line terminal (OLT) side 

into one unit. Furthermore, the reflection block 

configuration on the ONU side uses an optical 

switch that enables the transmission of the same 

wavelength during both uplink and downlink. This 

configuration can also consolidate the light 

sources on the ONU side into one unit and 

reduce the CAPEX of the entire system. An 

experiment with a 4 ONU × 100 Gb/s/way 

bidirectional transmission system was conducted 

and the feasibility of a coherent OAN 

configuration that can switch between dedicated 

and shared links using anti-reflection methods 

associated with single link failure was confirmed.  

No upstream/downstream same-wavelength 

single-core full-duplex transmission link failure 

has been reported when the signal and local light 

sources on the ONU side are consolidated into 

one unit using the reflection block function. 

Configuration of an SS/PDS Link Switchable 

P-to-MP System with Reflection Blocking 

Figure 1 shows the wavelength allocation and 

switch connection of a dedicated and shared link 

switchable P-to-MP system with a reflection block 

function and four ONUs with no primary and 

secondary link failure. The 2 × 2 optical coupler 

in each ONU enables simultaneous output of the 

optical transmitter upstream to the primary and 

secondary links. It selectively inputs the optical 

receiver downlink to the primary or secondary link. 
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In addition, the 1 × 2 optical switch placed in the 

ONU and the optical circulator set in the 

secondary link allow the input of the optical 

receiver downlink to be selected from either the 

primary or secondary link. On the OLT side, 

transmitter/receiver pairs are placed according to 

the number of ONUs. A transmitter/receiver pair 

can be connected to the optical switch in a form 

with a lower loss than that of an optical coupler 

by switching up and down with an optical 

circulator. In an OLT with (N+1)×N optical 

switches, four main links and one sublink can 

access any optical transmitter/receiver pairs in 

the OLT. If another ONU is sleeping and one of 

the transceivers fails in the OLT, the transceiver 

access feature allows a connection to another 

optical transceiver. In the non-link failure situation 

illustrated in Fig. 1 (a), the entire system is 

operated only with λ1, and the optical switch is 

connected such that all ONUs use the primary 

link. The primary link disconnection for ONU 1, as 

illustrated in Fig. 1 (b), converts both the 

upstream and downstream wavelengths of ONU 

1 to λ2. By switching the 1 × 2 optical switch on 

the ONU side to the secondary link side, the 

reflected signal from the primary link side was 

blocked by the optical switch. The ONU, in which 

the dedicated link corresponding to the primary 

link is broken, uses the secondary link and 

connects to the corresponding optical 

transmitter/receiver pair by switching another 1 × 

2 optical switch. In case of secondary link failure 

illustrated in Fig. 1 (c), the reflected signal can be 

block from the secondary link by connecting the 

optical switch in the ONU to the primary link. The 

wavelength allocation of each ONU and the 

optical switch connection on the OLT side are the 

same as those for no-link failure. 

Figure 2 shows the arrangement of the laser 

diode (LD), optical fiber wiring, and switch 

connection in the OLT for each situation. Figure 

2 (a) shows the condition of LD sharing for no link 

and secondary link failure, where the ONU can 

be operated with a single LD output. Figures 2 (b) 

and (c) correspond to light source sharing when 

the primary link fails and can operate with two LD 

outputs. The configuration shown in Fig. 2 (b) is 

the same as that shown in Fig. 2 (a). It is a 

relatively inexpensive configuration that uses 

only an optical coupler without arranging an 

optical switch on the optical output side of λ2. 

Figure 2 (c) shows a configuration in which 

sufficient power budget can be obtained with high 

transmission power downlink and a high local 

oscillator (LO) input uplink by selecting an optical 

switch without distributing the optical output of λ2. 

The configuration shown in Fig. 2 (c) is suitable 

for transmitting a secondary link that has 

significant loss compared with the primary link. 

The laser diode (LD) output in sleep mode can be 

connected to any transmitter/receiver pair via an 

optical switch to deal with any primary link failure.  

 
Fig. 1: SS/PDS link switchable P-to-MP architecture with edge-side single LD protection: (a) no failure case, (b) primary 

failure case, (c) secondary failure case. 

 
Fig. 2: OLT-side LD commonization setup: (a) no failure and secondary link failure cases, (b) primary link failure case with 

sub-LD light broadening, (c) primary link failure case with sub-LD light switching. 
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Experimental Setup and Results 

Figs 3 shows an experimental single-core 

bidirectional transmission system consisting of a 

dedicated/shared link switchable P-to-MP with a 

reflection block configuration. This setup 

simulates nonlink, primary link, and secondary 

link failures. Figure 3 (a) shows the system 

configuration for cases of no link failure and 

secondary link failure. An optical coupler 

combines the output from the LD array. A dual-

polarized (DP)-quadrature phase-shift keying 

(QPSK) signal is collectively modulated based on 

the 4-lane electrical signal output from the Tx-

side digital signal processor (DSP) by the DP-in-

phase and quadrature modulator (IQM). The DP-

QPSK signal is divided into two parts by an 

optical coupler and amplified into 4ONU by an 

optical amplifier. Then, an uplink 4ONU signal is 

generated by a 1 × 4 optical coupler. An optical 

amplifier amplifies the uplink signal that is then 

divided into four ONU signals using a 1 × 4 optical 

coupler. The uplink signal of each ONU is 

adjusted by the optical attenuator, transmitted 

separately to the main link and secondary link by 

the 2 × 2 optical coupler, and then input to the 5 

×4 optical switch on the OLT side. Like the uplink 

signal procedure, the downlink DP-QPSK signal 

of each ONU is selected via a 5×4 optical switch 

from the OLT side and then coherently detected 

and demodulated by the optical receiver of each 

ONU. Figure 3 (b) shows the system 

configuration in case of primary link failure. As 

shown in Fig. 3 (a), the WDM-DP-QPSK signal is 

divided by the wavelength through a wavelength-

selective switch (WSS). The 1 × 4 optical coupler 

generates the uplink and downlink signals after 

the optical amplifier. Route selection by the 

optical switch is switched to the connection, as 

indicated by the red line. 

Figs 4 shows the measurement bit error ratio 

(BER) of the ONU and OLT signals of the uplink 

and downlink, with and without link failure. 

Moreover, the BER characteristics with and 

without the reflection block when the link fails are 

compared. To use a hard-decision forward error 

correction (FEC) code with a redundancy of 7 %, 

an error correction limit of FEC limit = 3.8 × 10-3 

is assumed. If primary link failure occurs on the 

downlink without a reflection block, an error floor 

will occur owing to solid interference of sharing 

the same wavelength after switching 5×4 optical 

switch, and the FEC limit will not be reached. In 

addition, in the event of a primary link failure on 

the downlink without reflective blocks, the power 

penalty exceeds 9.5 dB owing to relatively strong 

back reflections. Even if a downlink with a 

reflection block has a primary and secondary link 

failure, the power penalty is less than 1.5 dB 

because of the effect of slight backward reflection 

owing to the same wavelength at all times. 

Conclusions 

An SS/PDS link-switchable P-to-MP system with 

edge-side single LD protection with reflection 

blocking was proposed in a single-link failure 

scenario. We have experimentally confirmed that 

the converted path can be reconnected using 

reflection blocking without being affected by the 

back reflection of the end face during switching or 

full-duplex transmission after allocation. 

 
Fig. 3: Experimental setup: (a) no failure and secondary link failure cases, (b) primary link failure case. 

 
Fig. 4: Experimental BERs: (a) no failure case, (b) primary link failure case, (c) secondary link failure case. 
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