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Abstract: Coexistence of real-time constant-amplitude distributed acoustic sensing (DAS)

and 400GbE signals is verified by field trial over metro fibers, demonstrating no QoT impact

during co-propagation and supporting preemptive DAS-informed optical path switching before

link failure. © 2022 The Author(s)

1. Introduction

Recent advances in optical fiber sensing has enabled telecom network operators to monitor their fiber infrastructure

while creating new revenue streams in data center interconnect (DCI), public safety, and smart city applications [1,2].

As using dedicated fibers for sensing may be undesirable for operators whose fiber networks are close to fully utilized

for dense wavelength-division multiplexing (DWDM) transmission, it is also possible that common optical functions,

such as optical switching, can be shared between sensing and communication equipment for cost reduction. To achieve

that goal, it is crucial to study the coexistence of sensing and data transmission on the same DWDM network regarding

the impact to quality of transmission (QoT) [3], such as pre/post-FEC bit error rate (BER). Furthermore, an integrated

platform with joint sensing and communication capabilities allows the sensing system to provide advance warnings to

the network management system and to facilitate optical switching to the backup route in the event of fiber cuts.

In this paper, we report field trial results investigating the co-propagation of distributed acoustic sensing (DAS),

coherent 400GbE, and analog radio-over-fiber (ARoF) signals using field-deployed dark fibers in a dense metro area

using the city-scale PAWR COSMOS testbed [4] deployed in Manhattan. The ARoF provides direct transmission of

analog wideband radio signals over the same fiber route to support centralized RF resources for 5G/6G fronthaul. We

show that the constant-amplitude DAS operating at optimal power levels has minimal impact on the coherent 400GbE

QoT in real-time. We also demonstrate a use case of DAS-informed preemptive optical switching of a 400GbE signal

to a backup route as the DAS identified abnormal events indicating possible outage on the original fiber link.

2. Field Trial Setup

Fig. 1 shows the field trial setup using the COSMOS testbed [4], which is a city-scale programmable testbed deployed

in Harlem, NYC, to facilitate research and experimentation with advanced wireless and optical technologies in a dense

urban environment. We leverage COSMOS’ programmable optical components including optical space switches, Lu-

mentum ROADM-20 units, and Manhattan dark fiber, as well as compute and wireless components including servers,

data switches, and software-defined radios (SDRs). Different optical network topologies are realized using COSMOS’

programmable optical components with lab fiber spools and two dark fiber routes, including a 32 km loopback route

via 32 Avenue of the Americas (32AoA), provided by ZenFi via the PAWR consortium, and an 8 km loopback route

via the City College of New York (CCNY), provided by NYC and Crown Castle. The 400GbE whitebox transponder,

which is compliant with Telecom Infra Project’s (TIP’s) Phoenix requirements, consists of the NEC Network Op-

erating System (based on the open-source Goldstone software) running on Wistron’s Galileo Flex-T hardware with

Lumentum 400GbE CFP2-DCO pluggables. The transponder supports data rates of 100G±400G via flexible modula-

tion formats and baud rates. We select 400GbE transmission with dual-polarization 16QAM (DP-16QAM) in this field

trial. The coherent 400GbE channel carries heterogeneous data services aggregated via the Galileo Flex-T whitebox

and the COSMOS data switch, including parallel TCP traffic for DCI (srv1/srv2), digital radio baseband signals

for wideband spectrum monitoring (srv1/sdr2/sdr3), and 100 GbE traffic. The ARoF channel between sdr1 and

a remote antenna carries a 100 MHz 5G new radio (NR) physical downlink shared channel (PDSCH) signal with

64QAM modulation. The ARoF signal is modulated using a linear electro-absorption modulator (Optilab LT-12-E-M)

and detected using an amplified PIN photodiode receiver (Optilab PR-12-B-M).






