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Executive Summary 

This report is Deliverable 2.2 of the Smart Networks and Services Joint Understanding (SNS JU)- 

funded ECO-eNET project and addresses sensing and telemetry options for confluent mesh networks 

within ECO-eNET. The emphasis is on data representativeness, cross-correlation of sensing outputs, 

and discussions of the most relevant datasets and collection intervals to enable efficient resource 

(re)allocation in access networks. In line with Task 2.3, we investigated fibre-based sensing (Coherent 

and Direct Detect Optical Time Domain Reflectometry (OTDR) and State of Polarization (SoP) analysis) 

and operational telemetry from transceivers and active equipment, and assessed collection 

mechanisms, refresh rates, and data reduction strategies that preserve detection fidelity, while 

minimizing overhead. 

The deliverable is a follow-up to the earlier Milestone M2.2 from Work Package 2, ‘Transmission System 

Development’, submitted in M13, providing an “Initial report on the available sensing options for 

confluent networks”.  

The deliverable is, in essence, an extension to the M2.2 document, discussing the network sensing 

options from the confluent networking and ECO-eNET use-case perspective. The deliverable mainly 

presents the outcomes of Task 2.3, “Optical Spectrum as a Service and Fibre Sensing”, which 

investigates improving network efficiency utilising Optical Spectrum as a Service (OSaaS) and fibre 

sensing technologies, focusing on three objectives:  

1) covering wide areas with fibre sensing applications, considering the cost and energy 

consumption,  

2) comparing and correlating the outputs of various sensing applications, and  

3) defining the most relevant fibre sensing datasets (required parameters, collection interval) to 

enable efficient resource allocation in confluent access networks, thereby enabling reliable, 

high-capacity transmission in confluent mesh edge networks. 

The first section of this deliverable presents the concept of confluent networking and its use cases. The 

second section of the report presents all available sensing devices and their capabilities suitable for 

efficient, confluent edge-network use cases, detailing their coverage, power consumption, data 

transmission, and storage characteristics.  

The third section discusses network failures in confluent network environments and investigates the 

impact of collection interval, data averaging and data collection continuity from a sensing data 

representativeness perspective. 

The fourth section focuses on benchmarking the technology to be used in ECO-eNET confluent network 

environments. 

The fifth section introduces the Telemetry/Sensing as a Service concept, powering the use of multi-

operator infrastructure for reliable, cost-efficient services. These will be exploited by the higher-layer 

orchestration of confluent radio and optical resources in forthcoming WP3/WP4 to establish the 

preconditions for safe automated (re)allocation of weather-impacted links (e.g., FSO) and for soft/hard 

failure responses in confluent networks. The report discusses the most relevant datasets for the 

confluent edge networks, defines the dataset requirements and presents the telemetry/sensing data 

collection algorithms optimised for efficient network operations.  

The final sections discuss the ECO-eNET impact on the future confluent mesh edge networks and 

conclude the work presented in the report. 
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Introduction 

Modern communication infrastructures are undergoing rapid architectural transformation, driven by 

increasing traffic density, distributed service execution at the network edge, and the coexistence of 

terrestrial fibre, free-space optical (FSO), and radio access domains. This evolution is accelerated by 

5G-Advanced and emerging 6G frameworks, where bandwidth elasticity, deterministic latency, and 

service-specific path adaptation are operational requirements. In this environment, converged fibre-

optic transport remains the foundational connectivity substrate, but ensuring its reliable operation 

requires continuous awareness of physical-layer conditions, early detection of degradation processes, 

and adaptive re-allocation of optical and wireless spectral resources. 

ECO-eNET addresses these challenges through the concept of confluent networking, in which 

heterogeneous optical and wireless access technologies are operated under a unified orchestration and 

control framework. In this paradigm, optical fibre links, FSO/THz connections, and radio access 

segments are treated not as isolated network layers, but as components of a common connectivity 

fabric with shared monitoring capabilities and dynamic reconfiguration logic. Confluent networking 

therefore enables end-to-end path optimisation, proactive adaptation to environmental and load 

variations, and efficient resource utilisation without extensive additional infrastructure. 

Within this converged architecture, OSaaS is used to flexibly allocate and share wavelength and 

spectrum resources across multi-operator or multi-domain environments. To support automated and 

reliable OSaaS operation, the underlying network must provide consistent, accurate, and time-aligned 

situational awareness of link and component performance. ECO-eNET advances this by developing the 

Telemetry-/Sensing-as-a-Service (T/SaaS) concept, which aggregates measurements from multiple 

telemetry-enabled and sensing sources—including transceiver-embedded telemetry, State of 

Polarisation (SoP) analysis, coherent OTDR-based distributed sensing, and other physical-layer 

monitoring tools—into a unified data and analytics layer. 

The work of Task 2.3, reported in this deliverable, focuses specifically on fibre sensing and OSaaS as 

enablers for efficient resource (re)allocation in confluent access networks. As defined in the description 

of work, T2.3 commits to: 

a. enabling wide-area fibre sensing on dark fibre, passive CWDM, active DWDM, and OSaaS 

underlays, with attention to cost and energy per covered link; 

b. comparing and correlating outputs from multiple sensing mechanisms to determine complementary 

operational roles; and 

c. defining the most relevant datasets and collection intervals for achieving the desired end-service 

availability. 

Over months 6–23, the work concentrated on data representativeness and continuity, selection of 

sampling intervals, harmonisation of output formats, and event detection/localisation using transceiver 

telemetry and DD-OTDR. Furthermore, the task investigated the controlled heating/cooling effects of 

the fibre infrastructure and gradual attenuation variation, using C-OTDR. The sensing and telemetry 

outputs developed and characterised here form the data and inference foundation for T3.1, T3.2, and 

T4.2, including use cases related to demand redistribution, weather-driven adaptation of FSO/THz links, 

and detection and mitigation of soft and hard failures in confluent mesh access networks.  
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1 ECO-eNET Network Context 
 

ECO-eNET project investigates how heterogeneous access and transport infrastructures can be 

integrated into a unified operational model that supports dynamic service establishment across various 

networking technologies (optical, FSO, and THz links) using adaptive routing, and awareness of 

environmental or infrastructure-induced impairments. Unlike traditional network architectures, in which 

optical fibre systems, FSO, and THz links are managed as independent technology domains, ECO-

eNET adopts a confluent networking approach. In such a model, physical communication substrates 

are abstracted into a shared connectivity fabric, where monitoring, control, and resource (re)allocation 

are coordinated through common interfaces and orchestration logic. This section outlines the 

architectural principles of confluent networking, describes the key underlying technologies that enable 

this paradigm, and concludes with operational use cases and requirements that motivate and drive the 

sensing and telemetry work in Task 2.3. 

1.1. Confluent Networking Concept 

The confluent networking concept defines a unified architecture, in which heterogeneous physical 

communication systems - including optical transport, FSO links, and terrestrial or sub-THz radio - are 

exposed as components of an integrated connectivity pool. Rather than treating each infrastructure 

domain as a separate network layer with its own management stack, confluent networking introduces 

a cross-domain abstraction and orchestration framework that enables services and traffic flows to 

traverse domains seamlessly based on availability, performance requirements, and operational 

constraints. 

At the architectural level, a detailed description of the confluent networking architecture is provided in 

D1.2 [1] and the three key principles relevant to D2.2 can be summarized as follows: 

a. Resource Abstraction: 

Each transport technology (fibre, FSO/THz, radio) is represented through standardised service 

descriptors that capture capacity, latency characteristics, stability, and energy cost. This abstraction 

makes heterogeneous resources comparable and selectable by higher-level control functions. 

b. Control and Orchestration Plane: 

An orchestration and control layers coordinate path computation, connection setup, spectrum 

allocation, and re-optimisation actions across domains. This layer may be implemented using SDN-

based interfaces, network hypervisors, or hierarchical multi-domain controllers, depending on 

deployment scale, developed in WP3. 

c. Monitoring and Analytics Plane: 

To enable dynamic and safe reconfiguration, the system requires consistent and synchronised 

visibility of performance indicators across all domains. This monitoring layer integrates time-

aligned/synchronised data from transceiver telemetry, distributed fibre sensing, state-of-

polarisation analysis, and environmental or device-level health metrics, aggregating them into a 

Telemetry/Sensing-as-a-Service (T/SaaS) datalake. This allows higher-layer algorithms, operated 

at the end-to-end monitoring plane of the ECO-eNET architecture to achieve coherent situational 

awareness from multi-domain, multi-operator environments, rather than isolated per-domain 

measurements. 

By merging abstraction, control/orchestration, and monitoring in this manner, ECO-eNET is able to 

deliver on the following goals: 

• Provisioning and re-allocation of the end-to-end path triggered by service performance or 

physical layer availability changes. 

• Service-aware routing, where path placement adapts to latency and bandwidth constraints. 
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• Proactive resilience, where degradations are anticipated via sensing rather than reacting after 

service disruption. 

Fig. 1 presents the key architectural components of the confluent networking setup, with the 

orchestration and control layers at the top and AI Orchestration functions and the developed E2E 

Monitoring and Analytics on the right. The integrated access and confluent network resources include 

Confluent links, Confluent Transport Nodes, Confluent Access Nodes and integrated telemetry-enabled 

devices and dedicated sensing devices as part of the overall transport solution [1]. The figure shows 

how the control, management, and orchestration layers work, and how end-to-end monitoring, analytics, 

and orchestration are handled.  

In summary, the confluent networking concept forms the architectural foundation for all subsequent 

sensing and telemetry activities described in this deliverable. Task 2.3 contributes to this architecture 

by determining which sensing data, collected at which intervals, using which mechanisms, can reliably 

support automated control and adaptation actions in confluent access-metro networks. 

1.2. Introduction to Confluent Networking Technologies 

The evolution toward 6G network architectures emphasises distributed service execution, enhanced 

determinism, and the ability to adapt traffic flows based on dynamic Quality-of-Service (QoS) and 

Quality-of-Experience (QoE) objectives. In the context of ECO-eNET, this manifests as service-aware 

routing decisions that operate across both fibre and wireless segments, utilising telemetry and sensing 

data to guide path adjustments. The control framework incorporates abstractions of link stability, 

spectral margin, latency characteristics, and environmental conditions, allowing the system to 

determine not only whether a path is available, but whether it is appropriate for a particular service 

class. 

The realisation of confluent networking requires the coordinated operation of multiple communication 

technologies that differ in transmission properties, environmental sensitivity, deployment constraints, 

and control-plane maturity. In ECO-eNET, three technology pillars form the basis of the confluent 

 
Fig. 1: Fully confluent network architecture enables full convergence through unified management, 
orchestration, and control, supporting integrated, end-to-end optimization across network domains 
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architecture: (i) integrated 6G service requirements-aware control frameworks, (ii) THz and free-space 

optical (FSO) wireless segments, and (iii) optical Dense Wavelength Division Multiplexing (DWDM) 

networks, providing also flexible OSaaS mechanisms for optical domain resource pooling. Each of these 

domains contributes specific capabilities that, when combined under a unified control and monitoring 

substrate, enable dynamic service configuration, resilient path selection, and energy-aware resource 

allocation across the access-metro edge.  

Fig. 2 describes the confluent network resources allocation between two confluent access nodes [2]. 

Depending on resource availability and feedback from telemetry and sensing-enabled devices, the 

rerouting can use a different technology, making the overall solution not only multi-vendor-friendly but 

also multi-technology-friendly. 

The following sections provide a short introduction to the confluent networking building blocks.  

1.2.1. THz and FSO Connectivity 

THz-band and FSO links provide high-throughput, rapidly deployable connectivity options for access 

and short-reach backhaul segments [3]. Their performance is strongly dependent on meteorological 

dynamics and alignment precision, which makes them well-suited for flexible, opportunistic use rather 

than static provisioning. In a confluent architecture, THz/FSO segments act as adaptive capacity 

extensions, used when atmospheric conditions permit and released or rerouted when impairments 

arise. This adaptability requires the continuous collection of environmental and link-quality telemetry, 

correlated with optical-domain sensing data to determine when path transitions should occur. 

FSO communication is an unlicensed wireless technology that significantly supplements existing 

communication infrastructure by offering massive modulation bandwidth and enabling cost-effective, 

rapid deployment. These systems are designed for ultra-high-speed data transmission, with potential 

rates of 100s of Gb/s per channel across multiple wavelengths, achieving Tb/s capacity. Such speeds 

are made possible by advanced coherent modulation formats, including Dual-Polarisation Quadrature 

Phase-Shift Keying (DP-QPSK) and Dual-Polarisation 16-state Quadrature Amplitude Modulation (DP-

16QAM), which maximise the spectral efficiency of the optical link.  

The core FSO architecture integrates a free-space optical head, adaptive optics to mitigate atmospheric 

interference, and optical amplifiers with high-capacity coherent transceivers, as pictured in Fig. 3. 

Critically, these transceivers are often designed to support multi-vendor interoperability specifications 

  
Fig. 2: Confluent network resources between two Confluent Access Nodes 
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such as OpenROADM and OpenZR+, ensuring compatibility with modern fibre-optic networks. By 

aligning with the data transport requirements and speed demands of these fibre standards, FSO 

effectively functions as a high-speed, line-of-sight (LOS) wireless fibre extension, making it an 

invaluable technology for bridging connectivity gaps where laying physical fibre cable is impractical. 

1.2.2. Optical links and OSaaS 

OSaaS provides the enabling mechanism for programmable, shareable spectrum resources across 

disaggregated domains or multi-operator environments [4]. However, since the transceivers and Open 

Line System often belong to different operators, maintaining high, stable performance depends heavily 

on the quality of the individual interconnected network resources. It also requires telemetry and sensing 

data to support dynamic provisioning, migration, or replication of services across fibre segments in line 

with performance or resilience objectives. Furthermore, safe operation of OSaaS requires reliable 

physical-layer state awareness, which in turn depends on the multi-source sensing and telemetry 

integration addressed by Task 2.3. Thus, at the optical transport layer, links can be included in the pool 

of confluent resources if they have telemetry-enabled devices (e.g., typical DWDM links) or can 

accommodate on-demand sensing signals (dark fibre, passive Coarse Wavelength Division 

Multiplexing (CWDM), or passive Fibre-to-the-x (FTTx) links). While most of these options provide either 

 
 

Fig. 4: Sensing signal inserted to the Optical Spectrum as a Service, traversing multiple operator domains 
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a specific wavelength or a full fibre spectrum as a resource, partial resources can also be provided if 

the operator enables OSaaS.  

Fig. 4 presents how OSaaS implementation in the mesh access networks can interconnect various 

confluent access nodes and accommodate sensing signals for enhanced infrastructure visibility. If the 

signal parameters are met, a single transceiver could be used to carry data from core networks directly 

to end-customer premises, traversing different underlying physical-layer technologies, utilizing Network 

Domain Interface Devices (NeDIDs) [4] or software-based domain cross-connects [5] at domain or 

technology boarders, where necessary, providing reliable transport for multi-technology signals across 

multiple Open Line Systems (OLSs). 

1.3. ECO-eNET use cases 

The operational relevance of confluent networking within ECO-eNET is demonstrated by a set of use 

cases that require dynamic reconfiguration of connectivity resources in response to environmental 

conditions, demand variations, and infrastructure impairments. These use cases illustrate how unified 

orchestration and multi-source sensing support resilient, efficient network operations across the access-

metro edge. 

The ECO-eNET architecture supports multiple interacting use cases that span both infrastructure-level 

operations and end-service provisioning. To clearly distinguish their functional scope, the use cases 

can be categorised into two groups - network-level use cases, which concern the state awareness and 

reconfiguration of the optical and wireless transport infrastructure, and service-level use cases, which 

focus on how network capabilities are exposed, delivered, and assured to end-users, tenants, or 

distributed processing nodes. This categorisation reflects the confluent networking principle, where 

physical-layer sensing and telemetry feed directly into higher-level service orchestration and resource 

reallocation. 

Based on the sensing input, the transport network must support adaptive reconfiguration of spectrum 

assignments, channel routing, and signal formats. This includes dynamic capacity adjustment, 

response to sudden impairments, and gradual performance optimisation depending on load profile and 

physical conditions. Moreover, the architecture must support both analogue and digital traffic modes 

(e.g., Radio over Fibre vs. coherent optical transceivers), with reconfiguration performed without 

disrupting ongoing services. 

The Optical Transport Network Requirements and KPIs for ECO-eNET transport solution are defined 

in D1.1 [6] (S-FUNC #20–#21) for Optical Transport Network Sensing Capability as: 

• Detect any interruptions that develop in a timeframe of 1 minute or less 

• Detect any long-term (1-year timeframe) degradation of the fibre infrastructure, measured as an 

increase in the link attenuation higher than 0.5 dB 

• Detect disturbances or interruptions within ≤ 1 minute 

• Detect long-term infrastructure degradation indicated by > 0.5 dB increase in attenuation over 

annual timescales 

and for Optical Transport Responsiveness/Reconfigurability as: 

• Respond to interruptions that develop suddenly in a timeframe of 1 hour or shorter with 

reconfiguration and/or redirection 

• Detect and adapt to any gradual degradations (>0.1dB/hour) with a timeline of 1 hour or more 

• Maximum reconfiguration speed as a function of capacity, power, and signal type (analogue vs. 

digital) of the switched channels described through:  

o The total bandwidth and power of the signals to be switched for analogue and digital signals  

o The capacity per second that can be switched with the slow adaptive mode or the fast 

responsive mode 

• The capability to avoid critical link interruptions on the existing traffic.  
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To meet such requirements at the transmission network and transport responsiveness levels, a network 

sensing solution providing timely and precise feedback is required.  

1.4 Requirements for the Sensing Solution 

The deployment of sensing across ECO-eNET’s transport infrastructure requires the ability to capture 

accurate, spatially meaningful physical-layer information using a mix of coexisting sensing-enabled 

devices. The sensing solution must reliably detect disruptions or degradations that may affect link 

stability, routing performance, or service continuity. Achieving sufficient accuracy while minimising 

device count and operational overhead is essential for large-scale applicability in access and metro 

domains. 

In addition to accuracy, the sensing infrastructure must meet latency requirements, ensuring that 

sensing updates arrive quickly enough to support reconfiguration decisions associated with x-haul and 

OSaaS operations. Different sensing methods introduce different acquisition and reporting times due 

to device physics, fibre length, waveform repetition rates, and data transport mechanisms. For latency-

critical or high-availability services (e.g., industrial automation or backhaul-protection switching), 

sensing update intervals must support sub-minute event detection and timely adaptation at the network 

control layer. 

Finally, the sensing solution must be efficient in terms of capacity and cost. High-resolution or high-

frequency sensing can generate significant data volumes requiring collection, storage, and processing. 

The solution must balance sensing resolution and update rate with data transport overhead. Trade-offs 

between coverage, resolution, and operational cost must be evaluated for each deployment scenario, 

especially in dense access networks. 

KPIs Derived from Sensing Requirements (U-PERF-#2, U-PERF-#3, U-NFUNC-#4) 

• Accuracy and Coverage: ability to achieve ≥ 95% fault detection accuracy using an optimal 

combination of sensing technologies and fibre routes. For this, the selection of sensing topology 

and the optimisation of sensing port usage can reduce the investment cost and power consumption 

of the sensing solution. 

• Timeliness and Latency: sensing update interval and system response times must support service 

availability levels of 99.90–99.999%. These KPIs require optimising collection and upload rates, 

taking into account the link lengths used in the metro and access segments. 

• Capacity and Cost Efficiency: The sensing solution must include components that enable ≥95% 

fault detection and 99.90–99.999% service availability, prioritising total cost of ownership (TCO) 

that includes all investment and operational costs.  

 

The following chapters investigate the available sensing technologies, their sensing capabilities (link, 

location, environment), discuss the general representativeness of sensing data, and benchmark the 

available sensing technologies. Furthermore, the sensing/telemetry-as-a-service concept is discussed 

to help the confluent orchestrator obtain timely, consistent telemetry data for efficient network 

operations.  
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2 Available sensing technologies 

The ability to detect, interpret, and react to performance variations in confluent access-metro networks 

relies on sensing mechanisms that provide meaningful situational awareness across heterogeneous 

physical domains. While DWDM systems, CWDM networks, dark fibre spans, FSO links, and THz-

based wireless extensions differ significantly in transmission physics, deployment topology, and 

environmental exposure, they can all contribute to a shared monitoring framework when their sensing 

outputs are abstracted and aligned in the Telemetry-as-a-Service (TaaS) platform introduced in Section 

1. 

Over the recent years, a concept of Integrated Optical Communication and Sensing has emerged [7]. 

Utilising various sensing technologies, the concept has high potential for use in smart city applications  

[8], the propagation of seismic signals in urban or subsea environments [9], and traffic monitoring [10]. 

As the concept emerged, the goal of improving and simplifying fibre-optic transmission network 

operations [11] has been extended to 5G and 6G transport networks, with the ability to detect co-routed 

fibres [12] and to optimise transmission paths for Free Space Optical and THz radio links [13]. In addition 

to data collected from various telemetry- and sensing-enabled devices operated over fibre-optic 

communication links, FSO and THz links can also provide valuable data that could complement data 

from existing wireless sensor networks [14] and [15]. 

While device telemetry and active probes have been used for optical link health analyses since the early 

2000s [16], over time, more sophisticated sensing devices have emerged. With the maturation of 

coherent transmission technologies, the data that can be extracted from coherent transceivers has been 

extended significantly [17]. Furthermore, speciality devices utilising only parts of the commercial 

transceivers for SoP analysis emerged [18]. Various forms of advanced sensing technology utilising 

backscattered light have emerged, such as Distributed Acoustic Sensing (DAS), which uses coherent 

OTDR (C-OTDR) to analyse phase information to detect vibrations, and Distributed Temperature and 

Strain Sensing (DTSS), which utilises Brillouin-OTDR to monitor static temperature and strain changes 

[19].  

In order to collect, store, correlate and analyse the data collected, an SDN-based telemetry collection 

architecture, utilising either in-band or external management channels, must be established  [20] , and 

a unified monitoring and telemetry platform architecture should be created [21]. The in-band 

telemetry/sensing transportation can utilise optical supervisory channels [22] or utilise a portion of the 

spectrum of the live DWDM system [23], [24]. Furthermore, in multi-domain, multi-operator, and multi-

technology environments, it is essential to establish a strong legal framework for data sharing among 

the interested partners [25] [26].  

ECO-eNET investigated a diverse portfolio of sensing and telemetry mechanisms applicable across 

fibre and wireless domains, from the perspective of suitability for confluent network resource operation. 

These included transceiver-embedded telemetry, SoP fluctuation analysis, coherent OTDR, and other 

distributed backscatter sensing functions, as well as environmental and alignment telemetry obtained 

from FSO and THz systems. Their operational characteristics are summarised in terms of spatial 

resolution, temporal responsiveness, required instrumentation, and integration cost. 

All the sensing options provide access to different network layers or infrastructures in confluent 

networks. Based on the sensing capabilities, the sensing mechanisms analysed in the ECO-eNET 

project can be grouped into four awareness categories. Table 1 explains the awareness level, sensing 

mechanisms, what they detect, and the operational value of the sensing data in confluent networks.  
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Table 1: Sensing hierarchy: 

Provided 
Awareness 

Sensing 
Mechanism(s) 

What It Detects Operational Value 

Continuous QoS 
Awareness 

Transceiver and OLS 
Telemetry 

OSNR, BER, power 
levels, CD/PMD drift 

Proactive routing & link 
substitution decisions, 
OSaaS resource scoring 

Disturbance 
Awareness 

SoP dynamics, C-
OTDR  

Vibration, bending, 
micro-disturbances, 
mechanical stress 

Early warning of fibre 
degradation; triggers deeper 
inspection 

Spatial Event 
Localization and 
Environmental 
Awareness 

OTDR / C-OTDR / φ-
OTDR / B-OTDR / 
OFDR 

Where and how the 
fibre is affected + 
environmental 
changes 

Maintenance dispatch & 
path repair planning 

Environmental 
Awareness 

FSO and THz Link 
Telemetry 

Fog, haze, humidity, 
precipitation, beam 
wander, tower sway 

Proactive routing & link 
substitution decisions 

 

Starting from the top, the fibre-domain sensing methods vary by range and resolution, forming a 

hierarchy: transceiver and OLS telemetry provide per-channel and per-hop service and signal-quality 

awareness, SoP provides disturbance sensitivity, while OTDR/C-OTDR/B-OTDR provide high spatial 

resolution, detecting vibrations and rapid temperature and strain changes in the fibre. OFDR provides 

microscopic spatial resolution and high sensitivity to integrity and structural change. It has also proven 

highly effective for monitoring subsea infrastructure over long distances. 

FSO and THz telemetry do not localise spatial effects but provide early awareness of environmental 

and propagation conditions, often before optical channels degrade, making them predictive 

complements in confluent networks. 

The subsections below examine the principal sensing mechanisms in detail, describing their operational 

principles, integration considerations, and applicability to confluent mesh networks. 

2.1.     Forward type of sensing 

In general, fibre-based sensing methods can be divided into two types: forward–type sensing, where 

the transmitted sensing signal is analysed in the far end, and backwards-type sensing, where the signal 

processing of the sensing signal happens in the near-end of the fibre, using the backscattered light of 

the sensing signal. The following subsections discuss two of the most common fibre-based sensing 

inputs – telemetry data from transceivers and open line systems, as well as the capabilities of the SoP 

analysis. 

2.1.1. Telemetry for Continuous Link Awareness 

In essence, telemetry data is a collection of measurements from remote devices, enabling automated 

or human-driven control decisions at the device and whole-system levels. Telemetry from open line 

systems can provide per-span insights to optical signal conditions and infrastructure integrity along the 

commissioned communication paths. Data from OLS devices includes measurements from EDFAs, 

Raman amplifiers, ROADMs, or other active equipment and can include the following metrics:  

• Total Rx and Tx powers from amplifiers,  

• Per channel or media-channel power levels from ROADMs and channel power spectral density 

• Amplifier current biases, effective gain, transients, effective noise figure, effective attenuation and 

other performance metrics  

• Gain, VOA, and other settings  

• Per-degree ROADM switch states  
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In addition to link-specific telemetry data from devices forming an OLS, transceiver-embedded telemetry 

can be used. This provides continuous, low-overhead visibility into the end-to-end service quality of the 

optical wavelength under interest. Modern coherent transceivers expose performance indicators such 

as received optical power (Rx), pre-FEC BER, SNR/OSNR, chromatic dispersion estimates, PMD, and 

constellation-based impairment metrics, which can be exported over standardised management 

interfaces (e.g., NETCONF/YANG, gNMI, OpenConfig) or vendor-specific monitoring channels. In 

addition, with transceiver characterisation of Q over OSNR curves, Generalised Optical Signal to Noise 

Ratio (GOSNR) estimates are possible. Because these measurements are inherently tied to the 

operational data path, they reflect real-time signal integrity without requiring additional sensing 

hardware or service interruption. 

Telemetry from OLS and commissioned transceivers typically has slow, vendor-defined update cycles 

(seconds to minutes), which can be modified with scripts. Such data provides a structural context to the 

link. For example, amplifier output power drift may manifest as a reduction in Optical Signal to Noise 

Ratio (OSNR) at the transceiver; ROADM filtering or misbalancing may manifest as constellation 

deformation. Integrating line-system telemetry with transceiver telemetry ensures that the orchestration 

system distinguishes between channel-level degradations and infrastructure-induced conditions, 

reducing false reconfiguration events. 

In confluent metro-access networks, transceiver telemetry serves as the primary forward-looking 

visibility layer. Its sampling upload rate can be set between 1 and 15 seconds for streaming telemetry, 

allowing the orchestration system to track gradual performance drift, detect rapid signal quality 

fluctuations, and infer emerging optical margin depletion. Compared to distributed sensing methods, 

telemetry does not provide spatial localisation. Still, it offers high temporal responsiveness and minimal 

integration complexity, making it suitable for network automation and confluent resource (re)allocation, 

service migration, and re-routing decisions. 

Fig. 5 showcases telemetry data collected over five spectrally adjacent 69-GBd channels from a pan-

European network, commissioned on 5728, 3752 and 1792-km-long links utilising a 375-GHz-wide 

single-media channel OSaaS [27]. This study served as input to ECO-eNET's requirements for 

telemetry and sensing, as it shows a slow performance drift across the data points for all link lengths. 

Furthermore, due to a distinct ripple from Raman amplification and the absence of intra-OSaaS 

equalisation, the lower frequencies on the longest span fall below the Forward Error Correction (FEC) 

threshold, and hence, cannot transport the data. The right side of Fig. 5 shows the distributions (and 

standard deviation) of the normalised Q-value, enabling decisions on the link capabilities and required 

margins. 

In cases where transceiver telemetry and distributed sensing provide insufficient spatial or causal 

insight, routable dedicated probe transceivers can be introduced. We call such transceivers the Golden 

Transceivers, and the concept behind them is simple: a standard coherent transceiver is pre-

characterised in the lab with Q-over-OSNR curves. When operated in a probing mode, the signal is 

tuned to the wavelength of interest, and the quality of the test signal can be interpreted as a performance 

 
Fig. 5: Telemetry for Continuous Link Awareness with continuous Q-value monitoring and standard deviations 

presented for 5728, 3752 and 1792-km links 
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indication or left on to collect data and monitor the channel over longer periods of time, to detect and 

predict any anomalies. 

Key benefits of such dedicated probe telemetry include routability through various optical paths in 

confluent access networks using a confluent orchestrator, fine-granularity performance metrics, 

including Q-value, Pre-FEC BER, GSNR-profile, constellation metrics or advanced impairment 

signatures (if made available by the probing transceiver) and continuous awareness of the performance 

of the transmission system, without the truck-rolls or inline monitoring equipment. 

This mechanism acts as a direct complement to network telemetry-based sensing and is especially 

important in disaggregated, multi-operator domains, where instrumentation is limited and access to 

domain-specific data may not expose all internal states. 

In summary, telemetry constitutes the baseline awareness substrate in confluent networks, providing 

insights to detect and predict short-timescale degradations at low cost and with simple deployment, 

without specialised sensing instruments. It is compatible mainly with centralised and distributed control 

planes, hence can be used for confluent resource re-assignment and link suitability scoring. 

However, telemetry alone does not infer failure causes, even when early changes can be observed for 

occurring failures.  

2.1.2. State of Polarisation Sensing for Disturbance Detection 

The SoP of a coherent optical signal evolves as light propagates through an optical fibre, influenced by 

birefringence fluctuations caused by mechanical stress, vibration, temperature gradients, and micro-

bending effects. While these effects do not necessarily produce immediate degradation of signal quality, 

they often represent early physical signatures of disturbances in the fibre environment. As a result, 

monitoring temporal variation patterns of SoP provides a high-sensitivity indicator of changes in the 

external or structural state of the fibre. 

From a physical standpoint, SoP dynamics arise from random mode coupling and birefringence 

perturbations and can be interpreted in terms of Stokes space representations. High-frequency 

            
 

 

Figure 6: SoP trace change with powerlines switched off and on [ongoing measurements, 2025, not published] 
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variations typically correlate with vibration or intermittent contact, while slow drifts reflect thermal or 

mechanical stabilisation processes. In operational environments, this allows SoP monitoring to act as 

a forward-type sensing mechanism that detects disturbances along the fibre link.  

Fig. 6 (top) shows an example SoP trace S1 stokes evolution during a 330kV power line switch-on on 

a 100 km-long OPGW link in Elering's OPGW network in Estonia [28]. The spectrogram at the bottom 

reveals the strong presence of the 50 Hz harmonics, which, due to the substation environment, were 

already present but became stronger with the power switch-on on a particular link on which the SoP 

device was installed. 

In confluent metro-access networks, SoP sensing is particularly relevant for drop/feeder and distribution 

fibre where environmental exposure is high. It can also provide extra awareness in areas with shared 

infrastructure, where physical access or documentation may be incomplete. Furthermore, when the 

collected SoP samples are stored long-term, they could be used for long-term degradation 

assessments, where progressive strain precedes measurable signal impairment in time. 

The shortcoming of the SoP sensing is that it does not provide spatial localisation. It reveals that a 

disturbance is occurring, and often whether it is transient or evolving, but not where along the fibre it 

occurs. Hence, SoP-based sensing serves as an intermediate solution in the monitoring hierarchy – 

between the telemetry and backwards-type sensing devices. 

2.2.     Backward type of sensing  

In addition to forward-type sensing, where the sensing signal is received and analysed at the far end, 

backwards-type sensing uses backscattered light from the intrinsic sensing signal for processing and 

information extraction. Multiple technologies use this type of sensing, with direct detect OTDRs being 

the longest on the market and hence the most mature.  

2.2.1. DD-OTDR for Passive Infrastructure Monitoring 

OTDR is a well-established distributed sensing technique used to assess the longitudinal attenuation 

profile and structural integrity of optical fibre links. OTDR injects short optical pulses into the fibre and 

measures the Rayleigh backscatter returned along the span. The resulting OTDR trace provides a 

spatially resolved attenuation trace, enabling operators to identify the location and magnitude of fibre 

events such as splices, connectors, micro bends, mechanical stress points, macro bends, or breaks. 

Direct-detect OTDR has evolved into a highly mature and scalable operational tool, available as 

handheld modules for field installation and fault isolation, rack-mounted OTDR probes for permanent 

monitoring in central offices and metro aggregation sites, and multi-port OTDR platforms capable of 

sequentially cycling through large fibre distribution networks. These multi-port systems can be 

expanded to several hundred monitored fibre terminations using port extenders, which is particularly 

suited to FTTx and access-layer deployments where fibre count is high and physical exposure is 

significant. Because the sensing pulse travels along the entire fibre infrastructure, OTDR provides broad 

spatial visibility even in fully passive network environments. 

Operationally, direct-detect rack-held OTDRs support continuous fingerprinting of fibre spans to confirm 

stability and detect gradual degradation, as presented in Fig. 7. This enables fast localisation of breaks 

or macro-events with meter-scale accuracy, as well as detection of micro bends, tapping attempts, and 

small incremental loss changes, depending on wavelength selection and dynamic range. Furthermore, 

continuous operation of DD-OTDR enables tracking of seasonal and environmental ageing, particularly 

where fibres are exposed to freeze-thaw cycles or changes in mechanical loading. 

Importantly, direct-detect OTDR does not require the link to be in service and can be deployed 

independently of traffic, making it especially valuable in passive networks, dark fibre segments, 

feeder/distribution portions of access networks, resource-limited or multi-tenant environments, where 

in-band monitoring may be constrained. 
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While direct-detect OTDR delivers strong spatial localisation capabilities, its temporal resolution is 

relatively coarse (seconds to minutes per scan). This positions DD-OTDR as a cost-efficient but slow 

device when predicting fast-evolving disruptions or failures is of interest. 

2.2.2. C-OTDR for High-Resolution Distributed Event Analysis 

Coherent OTDR (C-OTDR) extends the principle of direct-detect OTDR by using a coherent receiver 

and a narrow-linewidth probe to capture phase-resolved Raleigh-backscattered light. This significantly 

increases sensitivity and spatial resolution, enabling the detection of subtle mechanical perturbations, 

distributed acoustic and vibration signatures, and progressive attenuation changes that are not visible 

in standard OTDR traces. 

Operationally, the C-OTDR serves as the localisation and confirmation device in the sensing hierarchy, 

as the coherent detection architecture allows C-OTDR to distinguish fine-scale disturbances 

superimposed on the fibre’s scattering profile, generate high-resolution OTDR traces even over long 

spans, and support dynamic sensing, while remaining non-intrusive to optical traffic when operated on 

a separate sensing wavelength. 

Within ECO-eNET, coherent OTDR has been explored not only for localisation but also as an intelligent 

sensing substrate capable of distinguishing between environmental, mechanical, and security-related 

events. Two recent experimental studies by Müller et al. exemplify how coherent correlation OTDR (CC-

OTDR) and phase-OTDR can be adapted for low-complexity, real-time monitoring in operational 

network settings. 

In the first study, “Low-Complexity Event Detection and Identification in Coherent Correlation OTDR 

Measurements” [29], CC-OTDR was applied to detect temperature and vibration-induced disturbances 

with meter-scale spatial precision (≈ 2 m). The work demonstrated that replacing computationally 

intensive machine-learning models with analytical threshold-based phase analysis enables event 

identification with minimal calibration and limited data. This approach reduces training-data 

requirements and computational load - key benefits for distributed deployment across multiple edge 

domains in confluent networks. Temperature and vibration signatures can thus be characterised directly 

in the optical layer, enabling lightweight in-situ diagnostics where telemetry or SoP variations alone 

would be inconclusive. 

Fig. 8 illustrates the setup of the second study, discussing real-time, diverse fibre sensing and multi-

event detection using phase OTDR measurements [30], extending the principle to simultaneous 

detection and classification of multiple environmental events, such as wind-induced motion, vehicular 

movement, and acoustic signals, along a single fibre. The system integrates low-complexity event-

detection algorithms with lightweight ML classifiers hosted on a cloud-edge platform, enabling near-

 
Fig. 7: DD-OTDR trace from a rack held OTDR device showcasing anomaly detection compared to baseline 

fingerprint measurement [internal experimental data, pre-publication] 
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real-time visualisation and automated classification of concurrent events. This architecture directly 

supports the ECO-eNET vision, where confluent sensing data from multiple domains (fibre, THz, FSO) 

are aggregated and analysed in a shared orchestration layer. The demonstrated capability to recognise 

event types in real-time confirms that distributed optical sensing can serve as a pervasive telemetry 

layer, extending network observability well beyond classical performance metrics. 

Together, these experiments illustrate that C-OTDR can serve both diagnostic and predictive functions 

in confluent mesh networks.  

In ECO-eNET, C-OTDR is considered particularly relevant for shared ducts and pole-mounted 

distribution fibres, where physical disturbance risk is highest, for distributed access networks, where 

the ability to detect and localise gradual damage reduces operational overhead, and for confluent edge 

networks, where localised degradation can trigger automated path re-selection or OSaaS spectral 

reassignment. 

However, C-OTDR acquisition cycles are longer and produce higher data volumes than transceiver 

telemetry or SoP monitoring, since phase is an order of magnitude more sensitive to vibration events 

than polarisation, allowing COTDR to detect more subtle events than SOP. This reinforces the need for 

layered data ingestion and prioritisation, ensuring that C-OTDR is used as a primary monitoring stream 

on high-availability infrastructure links, where early detection of disturbances with immediate spatial 

location identification is required. 

2.2.3. B-OTDR for Distributed Temperature and Strain Profiling 

While C-OTDR excels in high-resolution dynamic event detection, Brillouin-based reflectometry (B-

OTDR) provides a complementary capability for quasi-static distributed sensing. 

Brillouin-based distributed fibre sensing exploits the frequency shift of Brillouin scattering to measure 

strain and temperature variations along an optical fibre. In Brillouin Optical Time-Domain Reflectometry 

(B-OTDR), the probe and reference signals are used to detect changes in the Brillouin frequency shift, 

which is directly proportional to mechanical strain or thermal expansion within the fibre. The technique’s 

sensitivity to both strain and temperature allows it to function as a wide-area structural health monitor 

within the same fibre infrastructure used for communication. This is particularly relevant in access and 

distribution networks, where fibres are exposed to ground movement and soil moisture variation, 

overhead cable sway and ice loading, or buried fibre`s expansion and contraction due to freeze–thaw 

cycles. 

In a confluent network sensing context, the B-OTDR contributes uniquely to long-term degradation 

monitoring (ageing, fatigue, and thermal stress), contributing to long-term baseline assessment of 

buried or aerial fibre segments, identification of thermally induced attenuation changes, risk-aware 

routing, where fibre segments with emerging stress signals may be deprioritised for high-SLA paths, 

and proactive maintenance planning without service interruption. This makes Brillouin sensing an 

important baseline stability indicator. However, as it operates at moderate measurement rates (seconds 

to minutes), B-OTDR is best suited for slow-evolving phenomena rather than real-time protection 

switching. 

 

Fig. 8:  OFC2025 demo setup for Real-Time Diverse Fibre Sensing Multi-Event 
Detection using Phase OTDR Measurements 
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2.2.4. OFDR for High-Resolution Short-Range Diagnostics 

Optical Frequency-Domain Reflectometry (OFDR), by contrast, uses swept-frequency interferometric 

detection to achieve sub-millimetre spatial resolution over shorter distances (typically < 2 km). It 

measures backscattered light as a function of swept source wavelength, resolving reflections via 

frequency-domain interference. Using highly coherent, tunable lasers, OFDR achieves sub-millimetre 

spatial resolution, the highest among distributed fibre sensing techniques. 

In the context of confluent networks, OFDR is particularly effective for connector and splice 

characterisation, small-bending-radius and micro-cracking identification, intra-datacentre or campus-

fibre diagnostics, laboratory calibration, and ground-truth validation for other sensing techniques. In 

general, OFDR is not used as a continuous monitoring layer in large-scale networks. Still, it is highly 

valuable for model calibration of SoP and C-OTDR interpretation algorithms, infrastructure certification 

before deployment, assessments of the ageing of connectors and passive optical components, and 

precise root-cause confirmation when higher-layer sensing flags anomalies but does not localise them. 

Within ECO-eNET, OFDR-derived data can provide ground-truth calibration for higher-layer distributed 

sensing systems, serving as a reference during algorithm validation or transceiver qualification. 

2.3.    Radio and wireless sensing  

In dynamic and adaptive confluent access networks, where fibre links may not always be available, or 

additional routes are required to guarantee end-to-end service availability and reliability, FSO and THz 

radio links can provide quick-to-install routes when rooftop access is available. These links can also act 

as telemetry sources, flagging weather changes or structural issues of the supporting buildings. In 

confluent access networks, this information should not be discarded and could be used to (re)route 

traffic or to trigger an alarm for preventive maintenance. 

2.3.1 Free-Space Optical (FSO) Links as Sensing and Telemetry Sources 

FSO systems are strongly influenced by atmospheric and environmental conditions, making them 

intrinsically self-sensing channels. The optical beam propagates through air and is affected by fog, 

haze, rain, snow, humidity, particulate matter (PM), aerosol content, and short-term turbulence. These 

effects manifest directly in measurable signal parameters, making operational FSO links a natural 

source of environmental telemetry. 

Typical measurable indicators include received optical power variance (absorption/scattering by 

aerosols and fog), scintillation index (turbulence-induced fading), beam wander and pointing error 

telemetry (mechanical instability, wind gusts), Automatic Gain Control (AGC) behaviour in FSO receiver 

modules and tracking servo corrections in auto-alignment systems. Interpreting these measurements 

can detect rapid weather transitions, local microclimate formation (e.g., fog pockets in low valleys), 

building sway or pole vibration, or obstruction or partial-occlusion events (e.g., ice on optics).  

In essence, FSO sensing data in confluent networks can be used to predict link instability and initiate 

pre-emptive migration to fibre or THz alternatives. It can indicate when a link is likely to degrade and 

trigger re-routing events.  

2.3.2 THz Radio Links as Sensing and Telemetry Sources 

Similar to FSO links, the THz radio links can be used as sensing and telemetry sources. THz (sub-

THz/mmWave) radio links operate at frequencies strongly influenced by atmospheric absorption peaks, 

humidity, rain and snow intensity, antenna alignment stability, multipath scattering, and obstructions. 

The measurable indicators for THz link controllers are often the received signal strength indicator 

(RSSI), signal-to-noise ratio (SNR), modulation and coding scheme (MCS) adaptation decisions, 

phase-noise and I/Q-imbalance compensation behaviour, and beam-steering corrections (when 

electronically phased arrays are used). These indicators provide high temporal resolution (sub-second 

to tens of ms) information about path blockage, rapid weather deterioration, mechanical 
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misalignment/tower sway, and short-timescale fading caused by moving objects. Hence, the THz radio 

link telemetry provides fast-reacting environmental and interference awareness, supporting 

millisecond–second-scale path switching before service impact. 

2.4.    Conclusions 

Across the investigated sensing solutions utilising both fibre and wireless domains, ECO-eNET adopts 

a multi-layer sensing strategy that covers both structural, mechanical and optical layer visibility and 

environmental and alignment visibility for aerial and wireless segments. 

When fused in the TaaS framework, these sensing streams form a unified situational awareness layer 

that enables: 

• Pre-emptive path migration under weather-driven link degradation, 

• Failure localisation under fibre disturbance, and 

• Dynamic spectrum (re)allocation in OSaaS environments. 

This cross-domain sensing coherence is critical to the operation of confluent mesh networks. It 

establishes a practical foundation for scalable sensing in confluent access with OSaaS-enabled multi-

operator environments, where sensing intelligence can be virtualised, distributed, and shared across 

domains through the Telemetry-as-a-Service interface. 

The following chapter provides the necessary information for technology benchmarking in confluent 

access networks. 
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3 General data representativeness 

The ability to perform dynamic resource (re)allocation in confluent access-metro networks depends not 

only on the availability of sensing and telemetry data, but also on the representativeness of the collected 

measurements. Representativeness refers to how accurately a dataset reflects the operational state of 

the monitored infrastructure, both at the time of observation and across relevant spatial and temporal 

scales. Regardless of the sensing mechanism considered, representativeness is determined by three 

primary factors: collection interval, data averaging behaviour, and continuity of data acquisition. 

Each sensing modality exhibits different temporal resolution, noise characteristics, and sensitivity to 

environmental or physical-layer perturbations. For example, transceiver telemetry provides continuous 

real-time estimates of optical signal quality parameters but with limited spatial resolution; SoP-based 

sensing offers high sensitivity to fibre disturbances but requires careful post-processing to interpret 

event causality; and C-OTDR enables distributed spatial localisation at the cost of longer acquisition 

cycles and higher data volumes. As a result, evaluating representativeness requires considering the 

alignment between sensing capability and the dynamics of the monitored network events. 

The subsections below examine the three dimensions of data representativeness that determine 

whether sensing outputs can reliably support the TaaS platform, OSaaS resource reconfiguration logic, 

and the confluent orchestration framework introduced in Section 1. 

3.1. Collection interval 

The collection interval determines how frequently sensing and telemetry measurements are sampled 

and made available to the control and orchestration system. In confluent metro-access networks, the 

appropriate interval is tied to the timescale of the physical or operational events that the system must 

detect and respond to. If the collection interval is too long, rapid degradations or transient impairments 

may go unnoticed until they impact service continuity. Conversely, overly frequent sampling may 

increase data volume and processing overhead without improving actionable awareness, particularly 

for slowly varying conditions. 

Reference [31] categorises common network failures into four groups based on the development 

timeframe perceived by network administrators and specialists, as well as the required collection 

interval. Table 2 gives an overview of the requirements.  

Table 2: Possible network failures on the optical infrastructure and networks, their development time 

and required collection intervals 

 

Category Possible causes for network intrusions Development 

timeframe 
Collection 

interval 

1. Immediate 

impact 
Signal interference, equipment failures, power 

outages, environmental disruptions like lightning, 

and human errors with immediate impact 
milliseconds 

to seconds N/A 

2. Detectable 

impact 
Environmental disruptions e.g., landslides and 

earthquakes, human errors like digging, vibration, 

demolition  
seconds to 

minutes 1 second 

3. Noticeable 

degradation 
Environmental disruptions like overheating, fire, 

flood, infrastructure failure due to water damage, 

freezing, cable stretching, etc 
minute to 

hours 1 minute 

4. Slow 

degradation 
Slow damage due to poor installation, equipment, 

and infrastructure aging 
hours to 

months 24 hours 
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In the ECO-eNET context, the primary sensing and telemetry mechanisms must exhibit different 

temporal characteristics. 

Transceiver-embedded telemetry (e.g., OSNR, CD, PMD, RX power, pre-FEC BER) typically operates 

at sub-second to second-scale granularity, depending on the vendor implementation and 

NETCONF/YANG or gNMI export configuration. This makes telemetry suitable for detecting short-

duration performance fluctuations, adaptive thresholding, and near-real-time quality estimation required 

for OSaaS spectrum reallocation decisions. 

SoP analysis captures polarisation dynamics influenced by mechanical stress, vibration, and thermal 

gradients. SoP fluctuations may evolve on timescales of milliseconds to several seconds, depending 

on fibre type, environmental impact, and traffic load. Continuous SoP monitoring can therefore detect 

incipient disturbances that may precede measurable degradation in signal integrity, making it valuable 

for proactive re-routing or failure anticipation. 

C-OTDR and other backscattering-based distributed sensing methods provide spatially resolved event 

localisation along the fibre. However, their acquisition cycles are typically longer, with measurement 

windows ranging from tens of milliseconds up to multiple seconds, depending on span length, 

measurement bandwidth, and averaging settings. As a result, C-OTDR is particularly suited for failure 

localisation, progressive degradation analysis, and maintenance planning, but is not typically used as 

a real-time reconfiguration trigger. 

In a confluent control environment, collection intervals must be harmonised across sensing domains to 

avoid inconsistent or misleading states in the TaaS platform.  

To maintain temporal coherence, ECO-eNET adopts a model in which fast telemetry provides near-

continuous state awareness and slower distributed sensing supplies contextual, spatially resolved 

confirmation when anomalies are detected. This layered approach ensures that automated 

reconfiguration mechanisms (e.g., OSaaS spectral reassignment, FSO fallback, or re-routing decisions) 

are informed by data that is both timely and physically meaningful.  

3.2. Data averaging 

The data averaging strategy applied during sensing and telemetry acquisition directly affects the 

interpretability of the measurements, particularly in distinguishing transient disturbances from sustained 

degradations. Averaging reduces noise and increases the stability of extracted metrics. Still, it also 

smooths short-duration fluctuations, potentially concealing early indicators of fibre stress, polarisation 

disturbances, or atmospheric variations in wireless segments. In confluent metro-access networks, 

where reconfiguration decisions may be triggered by subtle precursors to service-impacting events, the 

choice of averaging window becomes an operational parameter rather than a purely measurement-level 

detail. 

For transceiver-embedded telemetry, averaging primarily affects signal quality indicators such as pre-

FEC BER, SNR/OSNR, and chromatic dispersion estimates. Short averaging windows (sub-second to 

few-second scale) preserve responsiveness to sudden impairments (e.g., fibre micro bending, 

connector contamination, interference from co-provisioned channels) but increase the likelihood of 

reporting fluctuations that do not warrant reconfiguration. Conversely, longer averaging windows reduce 

false positives but delay anomaly detection, potentially allowing degradations to progress before 

mitigation actions are triggered. 

In SoP-based sensing, averaging influences the detectability of polarisation fluctuation regimes. SoP 

traces contain both high-frequency stochastic components and lower-frequency environmental 

signatures. Excessive averaging suppresses high-frequency components that often correspond to 

incipient mechanical stress events, whereas insufficient averaging may yield data dominated by 

instantaneous polarisation noise. Selecting an appropriate averaging interval thus requires aligning the 

bandwidth of polarisation fluctuations with the intended detection granularity, e.g., milliseconds for 

vibration detection versus seconds for thermal drift interpretation. 
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For C-OTDR, averaging primarily impacts spatial localisation clarity and backscatter SNR. Higher 

averaging improves OTDR trace-localisation stability and event-localisation accuracy over long spans 

but increases acquisition time. This creates a trade-off between spatial resolution and temporal 

observability, reinforcing the layered monitoring strategy described in Section 2.1, in which C-OTDR 

provides contextual confirmation and localisation rather than real-time trigger input. 

Fig. 9 explains the current structure of telemetry data, using samples from a long-term study from a 

pan-European network. It shows how a rolling average with a 15-minute window can smooth out the 

extremes. This is a typical case for vendor-collected telemetry data, automatically available under the 

device monitoring. Further averaging occurs every 24 hours, as the fine-granularity data from 15-minute 

intervals is deleted and stored only as the minimum, maximum, and mean per 24-hour interval. To 

overcome this, operators can collect their own telemetry data from the equipment using 

NETCONF/YANG commands or SNMP polling, but this requires programming knowledge and the ability 

to store and present the data later for network development or operational tasks.  

In summary, the choice of the averaging window must be co-designed with the decision logic that 

consumes the sensing data. TaaS aligns these averaging strategies to ensure that high-rate telemetry 

streams, moderate-rate SoP signatures, and slower distributed sensing measurements remain mutually 

interpretable when used to guide OSaaS spectral reassignment, wireless fallback, or cross-domain path 

re-optimisation. 

3.3. Collection continuity 

The operational reliability of sensing and telemetry data in confluent networks depends not only on the 

sampling interval and averaging strategies, but also on the continuity and temporal alignment of the 

collected data streams. Collection continuity refers to the absence of gaps, outages, or distortions in 

measurement sequences. At the same time, temporal alignment ensures that sensing outputs from 

different domains can be correlated within a consistent time reference frame. Both properties are 

necessary for automated reconfiguration mechanisms to make stable and correct decisions. 

In multi-domain transport environments, inconsistencies in collection continuity may arise from 

telemetry export buffering delays, controller or streaming pipeline congestion, vendor-specific 

 
Fig. 9: Impact of averaging of the telemetry data 
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measurement refresh cycles, time jitter in network-clock synchronisation, or interruptions in access to 

management channels. 

Even brief measurement gaps can undermine decision logic. For example, missing telemetry during a 

transient SoP disturbance may prevent early recognition of mechanical stress along a fibre span, 

leading to reactive rather than proactive reconfiguration. Likewise, discontinuities in distributed sensing 

traces (C-OTDR) may obscure whether a localised attenuation shift is progressive or sudden, affecting 

whether maintenance is scheduled or traffic is immediately rerouted. 

The importance of continuity was demonstrated in the ECO-eNET six-month telemetry collection study 

conducted across a pan-European production DWDM network [31]. During this extended observation 

period, it was noted that transceiver telemetry packets experienced delays in reaching the processing 

server when optical network control activities, such as software upgrades or new configurations, were 

underway. Hence, the OSC channels may not be preferred as the sole means of carrying telemetry 

data over longer network segments, as they may experience capacity constraints. Fig. 10 shows the 

delay between two consecutive telemetry packets and the missing telemetry collection periods at three 

nodes, following the light propagation from left to right. 

These results reinforce the central principle adopted in ECO-eNET: sensing streams must be collected 

in a manner that ensures persistence and temporal coherence across telemetry domains. For this, 

sensing outputs can be integrated into the TaaS platform, which aligns, buffers, and distributes sensing 

data to the orchestration layer. This alignment enables performance prediction, fault inference, and 

resource (re)allocation decisions to be executed based on consistent cross-domain situational 

awareness rather than independent and potentially contradictory observation channels. 

  

 

 
 

Fig. 10: Missing telemetry data blocks from a 6-month study in a Pan-European production network with delays 
between each individual consecutive telemetry packets 
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4 Technology benchmarking 

Chapter 2 listed the sensing technologies which could contribute to the operation of confluent access 

networks. This chapter discusses the possible sensing applications considering their reach and 

topology requirements, categorising them into three subcategories – Long Haul/Regional, Metro, and 

Campus/Short-Haul – and benchmarks the available sensing technologies from the perspective of a 

confluent access network. 

Fig. 11 presents three possible sensing applications, based on their reach, where one or more of the 

abovementioned sensing technologies are used. The left-side figure shows the subsea sensing grid, 

which stretches hundreds or thousands of kilometres. In the middle, a confluent metro access network 

with an end-to-end diameter of up to hundreds of kilometres is presented. Finally, on the right of Fig. 

11, a short-range/campus-range application is presented. This can be small in diameter but can still 

host tens to hundreds of kilometres of fibre, depending on its topology.  

From the underlying infrastructure and topology perspective, long-haul connectivity often uses point-to-

point or ring topology. If the end-to-end connectivity traverses multiple countries, the underlying fibre 

infrastructure is usually not owned by the connectivity provider but is either rented as a fibre pair at the 

physical infrastructure level or as OSaaS at the Photonic Layer (L1) level. Such infrastructure access, 

from a topology perspective, is shown in Fig. 12, (a). Filled dots represent the end sites of the 

connectivity, where modifications to the access to accommodate sensing devices, either on the fibre 

infrastructure or at the OSaaS level, can be implemented using splitters/combiners. When an additional 

fibre pair for sensing applications is not available, creating access to the fibre infrastructure level in such 

a topology can be performance-impacting, as each splitter/combiner adds attenuation to the underlying 

link, which must be overcome by network design and parameter optimisation. Furthermore, when the 

links are underwater, later access to the ILA nodes is not available.  

Fig. 12, (b), describes the typical topology for a mesh metro-access network, such as used in the ECO-

eNET solution. It combines infrastructure access from dark fibre, passive CWDM, active DWDM 

networks, and radio link domains, and can do so across multiple operator domains as well. The primary 

differentiator here from the point-to-point topology is that each node can be connected to up to tens of 

fibre directions. Although these connections are often shorter in metro networks than in regional 

 

 
 

Fig. 11: Reach and topology requirements in varying sensing applications   

Telecom cable
Electricity cable
Gas pipe

Baltic sea and Infrastructure failures

Long-Haul/Regional Metro Campus

Detection of solar panel hot spotsResource (re)allocation in multi-technology networks

 

 
 

Fig. 12: Network topologies view for benchmarking sensing applications 

(a) Point-to-Point / Ring topology (c) Star topology(b) Mesh topology

PoP with fibre and 
OSaaS access

ILA site

Underlying fibre 
or OSaaS links

A B A B

A



ECO-eNET D2.2   29 December 2025  27 / 46 

 

   

 

solutions, the complexity of mesh networks requires careful design of sensing solutions to cover all 

required network segments. The task is further complicated because the physical fibre link topology 

may differ from the active link topologies, and access to a free-standing fibre pair dedicated to sensing 

is not always available. Finally, Fig. 12, (c), presents a star topology, often used for end-customer 

access in Fiber-to-the-X connectivity use cases. The topology is challenging from the sensing 

perspective, as it requires multiple sensing ports to be available in a single telecommunication site. 

Depending on the sensing technology, accommodating this may quickly become costly, as the best-

effort end-user connectivity is often provided at a low price. However, campus range topologies for 

business parks and solar farms may benefit from a cost-efficient sensing solution, as detection of a fibre 

failure in such locations can be business-affecting.  

The following benchmarking is performed from the ECO-eNET connectivity and underlying 

infrastructure perspectives to select the best sensing devices for a representative and cost-efficient 

solution.  

Each of the proposed technologies in Chapter 2 has a benefit, with some technologies being more 

mature than others. Transceiver telemetry provides continuous, low-overhead awareness of signal 

quality evolution and is well-suited for operation over OSaaS-enabled network segments. SoP-based 

analysis offers high sensitivity to mechanical and environmental perturbations, making it valuable for 

early warning and soft-failure anticipation, and is also well-suited for operation over OSaaS-enabled 

network segments. Distributed sensing methods such as C- and DD-OTDR provide the spatial context 

needed for event localisation and maintenance planning. However, they cannot reroute quickly and 

often require a longer acquisition time. 

On the wireless side, telemetry from the FSO and THz segments, such as received optical power 

variance, beam-tracking corrections, humidity, aerosol concentration, and attenuation slope, serves as 

a complementary forward-looking indicator of link stability. When integrated with fibre-domain sensing 

streams, these measurements enable the orchestration system to pre-emptively reroute services before 

performance drops below SLA thresholds. 

However, to make a weighted decision on the suitability of the available technologies for the confluent 

access networks, coverage efficiency, power consumption per kilometre of the monitored link, and the 

capacity to collect data must be analysed. Finally, sensing recommendations for ECO-eNET topology 

are provided, while techno-economic analyses of the solution are discussed in an upcoming ECO-eNET 

deliverable D1.3 titled ECO-eNET Architecture Evaluation and Benchmarking of Deployment Options.  

4.1. Coverage efficiency 

Fibre-domain sensing methods vary by range and resolution, forming a hierarchy. 

Transceiver telemetry provides per-channel awareness, SoP provides disturbance sensitivity, OTDR/C-

OTDR/B-OTDR provide structural and dynamic visibility, and OFDR provides microscopic diagnostic 

detail. 

FSO and THz telemetry do not localise spatial effects but provide early awareness of environmental 

and propagation conditions, often before optical channels degrade, making them predictive 

complements in confluent networks. 

Table 3 gives an overview of the typical spatial/propagation coverage of available sensing technologies. 

Table 3: Typical spatial/propagation coverage of available sensing technologies 

Sensing 
Method 

Typical 
Spatial/Propagation 

Coverage 

Granularity / 
Resolution 

Domain 
Primary 

Observability 

Transceiver 
Telemetry 

Per active wavelength 
/ per channel 

Symbol-level 
quality metrics 

Optical 
Signal quality, 
performance 

margin 
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SoP Dynamics 
Full link span (same 
as carried channel) 

Low spatial 
specificity; high 

temporal 
sensitivity 

Optical 
Disturbance / 

stress presence 

Direct OTDR 
1–80 km per scan 

path 
~1–2 m spatial 

resolution 
Fibre Plant 

Fault localization, 
attenuation profile 

Coherent OTDR 
/ φ-OTDR 

1–40 km < 1 m Fibre Plant 
Dynamic vibration 
/ strain signatures 

Brillouin-OTDR 1–50 km ~0.5–2 m Fibre Plant 
Strain and 

temperature 
distribution 

OFDR ≤ 2 km < 1 mm 
Optical Device 
/ Patch / Short 

Links 

Microstructural 
and connector-
level anomalies 

Free-Space 
Optical Link 
Telemetry 

Link-dependent (100 
m–several km LOS) 

No spatial detail; 
high temporal 

sensitivity 
Free-space 

Visibility, beam 
stability, 

atmospheric fade 

THz Link 
Telemetry 

Link-dependent 
(typically 50 m–2 km 

LOS) 

No spatial detail; 
high temporal 

resolution 
Wireless 

Humidity 
absorption, 

blockage, beam 
alignment 

 

Considering the coverage and resolution in Table 2, a high spatial coverage of the ECO-eNET solution 

would benefit from two measures: “routability” and the number of ports available on a sensing device. 

By "routability," we mean the rerouting of active probe signals, which can be dedicated transceivers, 

SoP analyser signals, or C-OTDR signals. In the case of dark fibre, passive CWDM, or OSaaS-enabled 

active routes, confluent network access nodes can reroute the dedicated sensing signals to the areas 

where transceiver or amplifier telemetry has detected an anomaly. If the physical infrastructure 

resources are already connected to the confluent network access node, the rerouting is likely to take 

less than 1 second, considering the trigger time from anomaly to confluent network controller, decision 

making in network controller, and rerouting of the dedicated sensing sources. The second aspect that 

determines the effectiveness of the ECO-eNET sensing solution is the number of ports on each of the 

individual sensing device. Modern modular transceivers often come in 2-port set-ups, SoP devices can 

be combined according to customer requirements, and DD-OTDRs can use port extenders to monitor 

up to 386 fibres with just one device. However, the internal components, such as C-OTDR lasers, are 

extremely expensive, and integrating two measurement ports on one single device can increase the 

device price to an extent, which is not financially reasonable to the end customer. Hence, highly 

sensitive sensing devices such as C-OTDR, and B-ODTR are more dependent on external switching 

capabilities, and not built-in multi-port availability. One of such external switching devices can be 

implemented based on a 1:16 optical switch, as proposed on Fig. 13. 

 

 
Fig. 13: External switching capability proposal for links not interconnected to confluent network access nodes 
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4.2. Power consumption and deployment complexity 

Since ECO-eNET solution includes various infrastructure segments, the telecommunication sites 

interconnecting these segments can also have very different availabilities. For example, dark fibre 

segments at the edge often end up in a site with limited space and power, or they can be terminated in 

an environmentally harsh conditions – outdoor cabinets installed on sideways, rooftops, or areas with 

restricted access. Hence, considering the power consumption of the sensing solution is not only 

important from efficiency perspective, but also from the power availability perspective. 

From the power consumption perspective, telemetry and SoP sensing have minimal overhead cost on 

top of the operated networks, making them ideal for continuous, always-on monitoring. Same applies 

to the FSO and THz sensing, which introduce negligible sensing overhead, because telemetry is 

inherent to link operation. However, neither of them provides the spatial resolution. The distributed fibre 

sensing (OTDR/C-OTDR/B-OTDR) on the other hand, enabling detailed insights to the spatial integrity 

of the underlying infrastructure, requires higher instrumentation and integration overhead.   

Table 4 presents the overview of the power and deployment complexity: 

Sensing 
Method 

Instrumentation 
Requirement 

Power  
Overhead 

Deployment 
Complexity 

Network Fit 

Transceiver 
Telemetry 

Native to 
coherent optics 

Low (existing 
hardware) 

Low 
Universal, baseline 

monitoring layer 

SoP 
Dynamics 

Requires SoP-
capable coherent 
receiver export 

Low 
Low–Moderate 

(software 
adaptation) 

Used mainly in 
coherent optical 

domains 

Direct OTDR 
OTDR-unit / 

multi-port probe 
Low–

Moderate 
Moderate (fibre 

mapping required) 

Best for 
passive/access 

networks 

C-OTDR / 
φ-OTDR 

Coherent 
sensing laser + 

receiver 
Moderate 

Moderate 
(integration, 
calibration) 

Best for disturbance 
detection & 

classification 

Brillouin-
OTDR 

Pump-probe 
dual-source 
architecture 

Moderate–
High 

Moderate–High 
Best for infrastructure 
condition monitoring 

OFDR 
High-coherence 
swept-source 

laser 
High 

High (precision 
alignment) 

Best for 
diagnostic/verification 

use 

FSO 
Telemetry 

Built into FSO 
transceivers 

Low 
Low–Moderate 

(alignment/tracking) 

Best for 
environmental 
prediction roles 

THz 
Telemetry 

Built into THz link 
controllers 

Low–
Moderate 

Moderate (beam 
steering/tracking) 

Best for short-range 
adaptive wireless 

edge links 

 

Table 4 discusses the power and deployment complexity of different sensing devices from the ECO-

eNET perspective. Considering the minimum power overhead of the optical, FSO and THz telemetry, 

complemented by the SoP measurements, they are ideal to be used as the first-line anomaly-detection 

sources in confluent ECO-eNET solution. When the anomaly is detected, spatial resolution devices can 

be triggered by telemetry/SoP indications. However, this sensing solution would not enable detection 

of any anomalies from the environment before they happen and severely impact the ECO-eNET 

transmission solution since they lack spatial resolution and sensitivity in general. Hence, links which 

require high availability, must be monitored with equipment providing these functions despite their 

higher power consumption. 
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4.3. Data transmission and storage  

ECO-eNET topology assumes a good connectivity to the devices providing optical capacity 

transmission in the metro-access. However, currently sensing solution is considered a complementary 

function, despite the fact, that the sensing data can help in making earlier rerouting decisions and speed 

up the fault localization in the network. Today, it is considered, that the sensing data can be transmitted 

over the dark fibre, passive CWDM channels, or optical supervisory channels of the active DWDM 

networks. However, it is not always an option, when multi-operator resources are engaged in an overall 

ECO-eNET solution. In such cases, the fibre / CWDM access might not be granted to all the parts of 

the infrastructure, and in case of the OSaaS, OSC management connectivity is only reserved for the 

Open Line System management purposes. As a result, the sensing solution needs to transport data 

over dedicated data channels – either utilizing a dedicated fibre pair, CWDM channel, wavelength 

channel/OSaaS spectrum, or a higher layer channel from the ISO-OSI model (Layer 2 Ethernet or 

TCP/IP). Since many of the metro-access sites are reached passively, the L2 or L3 devices may not be 

present, and the connectivity to the sensing devices must be implemented over the 4G or 5G radio 

networks. This, however, would use a shared capacity, and sensing data packets may get delayed, or 

lost during high-usage periods. Hence, it is important to understand the collected capacity and it`s 

storage requirements for the sensing devices.  

Table 5 provides an overview of the average data transmission and storage information: 

Sensing 
Method 

Typical Data 
Rate 

Aggregation 
Frequency 

Suitable 
Transport Mode 

Collection Layer 
in TaaS 

Transceiver 
telemetry 

< 1 kbps per 
channel 

Continuous (5–
15 s) 

Streaming 
Telemetry (gNMI 

/ OpenConfig) 
Base Layer 

SoP Dynamics 
1–50 kbps 
equivalent 

Continuous (10–
100 ms) 

Streaming 
Telemetry / 

Analytics Buffer 
Sensitivity Layer 

Direct OTDR 
Several kB–MB 

per trace 
Minutes–hours 

File-based / 
Scheduled 

upload 

Event 
Confirmation 

Layer 

C-OTDR / φ-
OTDR 

1–50 Mbps raw → 
0.1–5 Mbps after 

aggregation 
ms–s 

High-rate stream 
/ edge 

processing 
Disturbance Layer 

Brillouin-OTDR 
kB–MB per 

measurement 
cycle 

Seconds–
minutes 

Scheduled batch Condition Layer 

OFDR 
MB–GB per 

sweep 
On-demand 

Offline / 
diagnostic mode 

Calibration Layer 

FSO telemetry < 100 kbps 
Continuous (10–

500 Hz) 
Streaming 
Telemetry 

Environmental 
Layer 

THz telemetry < 1 Mbps ms–s 
Streaming 
Telemetry 

Propagation Layer 

 

Considering data from Table 5, similarly to the power consumption, telemetry, SoP, FSO, and THz 

sensing streams are lightweight and introduce only marginal capacity overhead for exchange of an 

increased network awareness. When collected with 5 - 15 second intervals, the collected data is well 

below 1 Mbps, making it also feasible to be transmitted to the central ECO-eNET controller over the 

mobile networks. However, obtaining spatial resolution and environmental awareness, using devices 

such as C-OTDR/φ-OTDR, produces high capacity of sensing data, reaching hundreds of Mbps. This 

suggests, that for transmission over mobile networks, edge-side preprocessing and temporal down 

sampling is recommended, while OTDR/B-OTDR/OFDR are best used in event-driven or periodic 

cycles. 
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4.4. Sensing recommendations for ECO-eNET topology  

The operation of confluent access networks requires timely input from telemetry and sensing data. The 

representativeness parameters for this data are defined by the solution's requirements and KPIs. 

Considering the ECO-eNET sensing requirements discussed in subsection 1.4, the sensing solution 

must achieve ≥ 95% fault-detection accuracy and provide sensing update intervals and system 

response times to support service availability levels of 99.900–99.999%, while operating with an 

optimised sensing data volume and a minimised total cost of ownership (TCO). 

This definition calls for a solution that prioritises telemetry data as the primary source of continuous 

awareness, collected from all links with the minimum available collection interval. Considering a 10 

second average collection interval of the telemetry applications, a link anomaly can be detected with up 

to 99.990 % probability per year [32]. However, it would create a significant load on the OSC or other 

channels carrying the telemetry data. Furthermore, such collected data requires an additional layer of 

devices to identify the location of the data or gather information about the environment around the 

telecommunication links. If only spatial resolution is necessary, this layer can be implemented using a 

multiport DD-OTDR, which has relatively low power consumption because it shares a single 

measurement laser across hundreds of measurement ports. In constant trace mode, a single 

measurement with an acquisition time would take 30 seconds; a node serving 48 fibres would require 

24 minutes per full cycle. This can be too long as a stand-alone fault verification tool. Still, when 

combined with transceiver-based data, the continuous cycle of the DD-OTDR could be overrun by an 

emergency scan at any time, reducing anomaly verification to just 30 seconds or a single acquisition. 

A similar acquisition time is used on the C-OTDR; however, anomaly detection also requires verification 

that the C-OTDR signal can be externally routed to a possible fault location, as installing C-OTDR 

devices per link is not yet feasible given today's applications. However, routing the C-OTDR to the link 

where an anomaly or fault is emerging may help detect it before the damage happens, as the C-OTDR 

allows it to sense the environment around the fibre-optic cable, detecting temperature changes, stress 

changes, movement, and other anomalies with high precision.   

Finally, considering the return on investment, operators may also want to consider the Mean Time 

Between Failure (MTBF) figures of the various sensing devices. This usually aligns with device 

complexity and power consumption, making telemetry data a largely free source of awareness. At the 

same time, spatial resolution and environmental sensing require a medium-to-high overhead, as, for 

example, the internal complexity and signal processing require many components and processing 

power in the C-OTDR. 

To conclude, the sensing solution for ECO-eNET is not limited by the reach, but by the flexibility of the 

sensing devices and available resources (power and space for installation, sensing signal integration 

to the fibre or OSaaS, capacity for the sensing data transfer, and investment capabilities of the 

operators) dedicated to the sensing solution. Hence, low-complexity end-to-end sensing, such as 

telemetry data from optical, FSO, THz, and SoP devices, is an excellent source of awareness, as it 

introduces little to no overhead to the transmission system. Then, sensing devices with spatial resolution 

capabilities must be included to enable fast and accurate fault location detection. Finally, environmental 

sensing devices, such as C-OTDR, can be added to the links most impacted by human error or 

environmental changes (temperature changes, icing, wind damage, etc).      
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5 Telemetry/Sensing as a Service 

The available telemetry and sensing devices described in Chapter 2 provide multiple complementary 

dimensions of situational awareness across optical, wireless, and mixed-access domains. However, 

their operational value is realised only when these heterogeneous data streams are normalised, time-

aligned, aggregated, and made accessible to higher-layer control and orchestration processes. In ECO-

eNET, this integration is implemented through Telemetry/Sensing as a Service (T/SaaS) framework, 

which provides a unified substrate for monitoring-driven network automation in confluent access-metro 

topologies. Fig. 14 illustrates the general value proposition and data streams of the T/SaaS service 

model.  

T/SaaS abstracts the underlying sensing sources—including transceiver telemetry, SoP fluctuation 

monitoring, DD-OTDR / C-OTDR /  B-OTDR / OFDR reflectometry, FSO link telemetry, and THz 

propagation metrics—into a common data exchange layer with consistent identifiers, time semantics, 

and quality indicators [26]. This allows network functions, such as path selection, dynamic spectrum 

(re)allocation, traffic redistribution, failure anticipation, and recovery planning, to operate on coherent 

and verifiable data rather than isolated monitoring feeds. Fig. 15 presents the proposed T/SaaS 

platform, with the lowest layer comprising end-to-end services, such as OSaaS; the second layer, the 

physical-layer devices and their possible topologies; and the last layer, the building blocks of the T/SaaS 

platform.  

The black lines in Fig. 15 indicate the data flows within optical supervisory channels, and the red lines 

external data management network channels, implemented at either the L2/Ethernet or L3/TCP/IP level. 

The current proposal also distinguishes between the simple telemetry data from optical and radio 

networks and more complex sensing formats from SoP or various OTDR devices.   

The framework is implemented as a logically centralised but physically distributed service, where: 

• Data ingestion occurs at the network edge (near sensing sources), 

• Data representativeness and collection continuity are prioritised over filtering and temporal 

smoothing used in overhead compression, 

• Alignment modules ensure that events detected across different sensing layers share a 

consistent temporal reference as per the metadata discussed in the following subchapter, 

• And exposure interfaces (APIs) enable orchestration and analytics subsystems to query, 

subscribe to, or react to state changes. 

This architecture ensures that fast-acting sensing streams (e.g., SoP dynamics, THz propagation, C-

OTDR vibration fields) can trigger local or near-local reactions, while slower structural and 

environmental sensing (e.g., B-OTDR seasonal strain readings, OFDR high-resolution diagnostics) 

supports model validation and maintenance planning. 

 

Figure 14:  Telemetry/Sensing as a Service value proposition 

Responsibility

Price

Customer

Raw 

data
QoS

Labelled 

data

Conceptualized 

Data

(Knowledge graph?)

Sensing 

service provider

Telemetry 

data

Network 

operator

NOC 

administrator

NOC Administrator, 

another system, 

Updated correlations



ECO-eNET D2.2   29 December 2025  33 / 46 

 

   

 

In this manner, T/SaaS forms the operational backbone that links sensing to decision-making, enabling 

confluent networks to anticipate degradations before service integrity is compromised, select alternative 

resource paths or spectral allocations, and localise accurately failures when corrective intervention is 

required. 

In conclusion, T/SaaS is not a sensing technology itself, but an integration service that enables sensing 

to influence network behaviours. The following sections discuss the requirements for the data to be 

used on the T/SaaS platform. 

5.1. Collection and Metadata requirements 

Before any relevant datasets can be discussed, metadata, collection requirements, and the structure 

for the T/SaaS data lake must be established. In the scope of ECO-eNET, the recommendations for 

preparing the dataset are discussed in D3.2  [33].  

To support reliable interpretation and automated cross-domain correlation, all datasets collected and 

exposed through the T/SaaS framework shall be collected with the highest possible precision and 

include an associated metadata envelope. The metadata shall not be optional, as it provides the context 

required to distinguish normal operational variation from meaningful network state transitions. The 

following collection and metadata requirements ensure interoperability, comparability, and automated 

actionability across confluent optical, wireless, and hybrid access domains. The representation of data 

shall not encode vendor-specific semantics, unless a translation layer is present within T/SaaS. 

5.1.1 Timestamp Source and Synchronisation Domain 

All datasets shall be timestamped with a globally consistent reference clock and indicate whether 

timestamps are derived from GNSS, PTP (IEEE 1588), synchronous Ethernet, or local oscillator 

timebases. This enables correction of minor offsets and identification of clock drift. 

Where possible, timestamp alignment shall be maintained at the acquisition point, avoiding reliance on 

post-processing alignment steps. This ensures that cross-domain event correlation (e.g., environmental 

disturbance → fibre perturbation → performance margin change) can be reliably inferred. 

 

Fig. 15:  Telemetry/Sensing as a Service platform proposal 
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The timestamp precision shall not be worse than 1 ns for high-frequency sensing sources (telemetry, 

SoP dynamics, C-OTDR / φ-OTDR, THz/FSO telemetry) and not worse than 1 ms for low-frequency or 

scheduled measurements (OTDR, B-OTDR, OFDR). 

5.1.2 Acquisition Method 

The dataset shall specify whether the measurement was acquired: continuously (streaming-mode), 

periodically (scheduled mode), or conditionally (triggered mode). This ensures that dataset 

interpretation aligns with the sensing layer’s functional role. 

5.1.3 Sampling Rate and Temporal Continuity 

Datasets that serve as early indicators (telemetry, FSO/THz telemetry, SoP dynamics, C-OTDR/φ-

OTDR) shall be collected continuously, with sampling rates matched to their natural timescales. 

Datasets representing slow-varying or structural conditions (DD-OTDR, B-OTDR, OFDR) shall be 

collected in a scheduled or triggered mode to avoid unnecessary data transfer and storage overhead. 

Loss of continuity shall be explicitly signalled so that the orchestration plane can avoid making decisions 

based on stale or incomplete data. 

5.1.4 Measurement Confidence Indicators 

Each dataset shall expose quality descriptors, such as averaging window depth, signal-to-noise margin, 

the sensing instrument's calibration status, and an estimated reliability score (either numeric or 

categorical). These descriptors are required to allow policy-driven decision engines to distinguish 

between weak indications and confirmed events. 

5.1.5 Topological Scope 

The collected datasets shall include references to the network segment, service slice, path identifier, or 

physical interface that they represent. For multi-tenant or OSaaS environments, metadata shall be 

sufficient to determine which resource domain the measurement affects. Where applicable, the 

directionality of the measurement should be indicated. The topology-related metadata ensures that 

sensing outputs are directly actionable in traffic steering and end-user capacity reallocation. 

5.1.6 Provenance Traceability 

Where intermediate processing occurs (e.g., edge aggregation, filtering, compression), the metadata 

shall record the processing chain in a minimal form. This ensures that datasets remain auditable, an 

essential requirement for both operational troubleshooting and regulatory compliance.  

Together, these collections and metadata requirements ensure that sensing outputs are self-describing, 

interpretable, and ready for automated reasoning without manual inspection or operator pre-

qualification. The metadata envelope enables semantic interoperability across vendor domains, 

technology stacks, and control architectures. It therefore represents a foundational component of 

scalable network sensing beyond this project. Although these metadata requirements are derived from 

the confluent access-metro use cases in ECO-eNET, the principles apply uniformly to multi-layer 

observability systems in transport, cloud interconnect, and 5G/6G edge platforms.  

5.2. Relevant datasets 

The T/SaaS framework in ECO-eNET supports a heterogeneous portfolio of sensing inputs. However, 

not all available sensing outputs are equally relevant for operational decision-making in confluent edge 

networks. In this subsection, we identify the datasets that directly influence the three primary operational 

use cases defined in Section 1.3: 

• Dynamic spectrum (re)allocation through OSaaS 

• Environmental-driven reassignment of FSO/THz paths 

• Soft and hard failure detection, localisation, and maintenance planning 
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The preliminary data curation activity was conducted in WP3, in Task 3.4, to identify the key monitoring 

parameters, performance metrics, and configuration settings required across the main technologies 

investigated in ECO-eNET—namely THz, FSO, and OSaaS transport. The goal of the survey was to 

determine which datasets are needed to support the development of confluent networking control 

algorithms in T3.1, T3.2, and T3.3, and to ensure that the supporting monitoring infrastructure can 

provide these inputs reliably. The survey focused on the observability capabilities of each technology, 

the timescales and frequency at which measurements can be collected, and the degree to which 

performance metrics can be mapped to connectivity quality of service (QoS). 

Across the surveyed domains, several core datasets were identified as most relevant for operational 

decision-making in confluent networks. For OSaaS-enabled optical transport, the most critical 

performance indicators are Pre-FEC BER or Q-factor, Generalised OSNR (GOSNR), and the available 

spectrum bandwidth (GHz), as these directly determine achievable service capacity and impairments 

across wavelength paths. For FSO and THz links, the most relevant indicators are fade duration, fade 

rate, mean received signal variation, link recovery time, and environmentally driven attenuation 

behaviour, as these metrics correlate strongly with weather-induced service availability. Across all 

domains, end-to-end latency, jitter, packet loss, throughput stability, and switching delay were identified 

as the domain-independent metrics essential to confluent xHaul orchestration. Additionally, fibre 

sensing outputs obtained via C-OTDR, SoP, or DAS provide complementary information—including 

vibration signatures, temperature and strain variations, and micro-disturbance patterns—that can be 

used to confirm or localise physical-layer events detected first at the performance-monitoring layer. 

From an implementation perspective, these findings indicate that sensing and telemetry systems in 

ECO-eNET must support multi-rate data collection, where high-frequency telemetry (e.g., transceiver 

Q-factor, SoP variance, FSO beam stability) is collected continuously. At the same time, higher-

overhead distributed fibre sensing (e.g., C-OTDR or Brillouin scans) is activated either periodically or 

on demand in response to performance anomalies. This approach reduces the overall data volume and 

processing load, while maintaining sufficient visibility for root-cause analysis and proactive adaptation. 

The curated dataset structure, therefore, supports scalable T/SaaS operation, ensures consistent 

cross-domain inference, and allows sensing functions to be selectively intensified when operationally 

justified, preserving both computational efficiency and energy proportionality in confluent network 

monitoring. 

Although the dataset selection in ECO-eNET is guided by the project use cases, the categorisation is 

technology-agnostic and transferable to other network environments. The hierarchical grouping 

(environmental → telemetry → disturbance → localisation) applies to confluent access, metro 

aggregation, long-haul transport, and private operator networks alike. Therefore, the dataset relevance 

model developed in ECO-eNET provides a generalizable blueprint for sensing integration in future 

disaggregated and multi-domain network architectures. 

5.3. Collection optimisation algorithms 

The T/SaaS framework supports adaptive sensing, in which the granularity and rate of data collection 

are adjusted dynamically based on early indicators of network state changes [9]. Instead of collecting 

all sensing streams at their maximum rate, ECO-eNET employs a policy-based escalation model in 

which lightweight, continuous monitoring layers initiate higher-resolution sensing only when warranted 

by observed conditions.  

5.3.1 Escalation from Baseline Telemetry to Spatial Sensing 

Continuous transceiver telemetry and SoP dynamics monitoring serve as the default always-on sensing 

layer, because they provide actionable indicators at negligible cost. When these indicators exceed 

stability thresholds—such as a persistent reduction in OSNR margin, statistically significant SoP 

variance, or stepwise received power shift—the T/SaaS framework shall elevate the sensing granularity 

by requesting targeted reflectometric measurements (OTDR, C-OTDR, φ-OTDR, or B-OTDR), 

depending on the expected failure mode and link type. An example of such an algorithm is presented 
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in Fig. 16, where DD-OTDR measurements are triggered when an anomaly compared to the transceiver 

telemetry baseline is detected. 

Such telemetry and sensing data processing workflow reduces overall sensing bandwidth and storage load, 

since high-rate distributed sensing is not continuously streamed. With this, it conserves power, 

particularly when C-OTDR or φ-OTDR sensing units are shared across multiple spans, and enables 

faster operational response, as triggering is based on early indicators rather than waiting for hard faults 

to occur. 

This approach reflects the methodology demonstrated in the associated B.Sc. thesis [34], in which 

baseline telemetry trends were used to determine when localisation measurements were necessary, 

rather than running full reflectometry continuously. 

5.4.2 Cross-Domain Triggering Between Optical and Wireless Layers 

In confluent networks, sensing triggers may also originate outside the optical domain. 

For example: 

• FSO received power variance or beam-steering corrections may exceed environmental stability 

thresholds during fog or heat-shimmer conditions. 

• THz SNR oscillations may indicate humidity absorption, precipitation events, or line-of-sight 

obstruction. 

When such indicators occur, the T/SaaS framework shall instruct OSaaS to pre-emptively adjust 

spectral allocations or route services away from affected segments, before optical signal degradation 

is observed. This cross-domain triggering enables anticipatory adaptation, where wireless sensing 

provides context and fibre sensing confirms impact. 

5.4.3 Trigger Granularity, Thresholding, and Hysteresis 

To avoid oscillatory behaviour or excessive sensing activation, the escalation process shall implement 

hysteresis rules, ensuring that triggers are stable over defined observation windows before higher-

resolution sensing is activated. Thresholds may be: 

 

Fig. 16: Telemetry and sensing data processing workflow 
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• Static (fixed per network region), 

• Profiled (based on ageing or seasonal patterns), or 

• Adaptive (learned from historical telemetry baselines). 

In ECO-eNET, threshold selection follows operational importance: 

• Small changes in SoP variance → watch state 

• Sustained OSNR margin drift → investigate state 

• Stepwise attenuation or rapid SoP excursions → confirm and localise state 

This results in predictable sensing activation and avoids “chattering” responses. 

5.4.4 Operational Advantages and Limitations 

The policy-based sensing escalation model provides several advantages. It reduces data volume by 

only collecting high-rate sensing when relevant to the end-application. This reduces energy 

consumption, especially when structural strength measurements are performed (φ-OTDR/B-OTDR 

instrumentation). It also simplifies the pathways in obtaining operational responses to soft failures and 

early degradation events.  

However, this model also has limitations. Intermittent C-OTDR or φ-OTDR activation cannot support 

predictive event forecasting on its own; predictions must rely solely on the SoP and telemetry layers. 

Because the sensitivity to minor disturbances in these sensing layers is much lower, event detection 

may be delayed. It also means that the spatial localisation of failures occurs reactively, triggered by 

anomaly detection, rather than continuously, making the escalation logic depend on high-quality 

threshold calibration and robust metadata, which may not always be perfectly set or collected. 

Thus, ECO-eNET emphasises the coexistence of continuous, lightweight sensing and selective, high-

resolution sensing, rather than attempting to run all sensing systems at maximum capacity. The 

recommendations are to set the collection rate for the telemetry, FSO/THz telemetry, and SoP 

according to the available upload bandwidth from the nodes, and to trigger multi-port-enabled DD-

OTDR or routed C-OTDR/φ-OTDR/B-OTDR/OFDR sensing when an anomaly is detected. However, 

business- and mission-critical services should always be prioritised, especially when they rely on 

infrastructure that is prone to damage from nature, human error, or other causes. In such cases, OTDR-

based sensing can be an integral part of the continuous sensing solution, as it can detect and identify 

minor disturbances and intrusions by detecting the smallest variations in backscattered sensing signals.    

The collection optimisation framework developed in ECO-eNET is not specific to OSaaS-enabled 

access networks. The policy-based sensing escalation model applies to any multi-technology 

infrastructure, where baseline telemetry, disturbance sensitivity, and spatial localisation must be 

coordinated to balance responsiveness, cost, and scalability. As such, the algorithms and workflows 

defined here provide a general, reusable blueprint for monitoring automation in future disaggregated 

and converged network architectures. 
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6 ECO-eNET Impact 

The sensing and telemetry integration developed in Task 2.3 provides the architectural foundations for 

enabling confluent networking in ECO-eNET. It presents the background information, technology 

overview and requirements for combining heterogeneous sensing sources — optical telemetry, SoP, 

fibre-based distributed sensing, and wireless environmental measurements — into a coherent 

observability model that can support future cross-domain and cross-technology automation. The 

analyses carried out in Task 2.3 establish the baseline design principles for scalable monitoring across 

optical, FSO, and THz segments and offer a preliminary yet coherent strategy for linking physical-layer 

measurements to resource (re)allocation in the later work packages of ECO-eNET.  

The integration of telemetry, fibre sensing, and wireless link sensing into the T/SaaS framework creates 

an operational monitoring substrate that enables real-time situational awareness across the entire 

confluent access-metro edge. By characterising the behaviour of transceiver-embedded telemetry, SoP 

dynamics, DD-OTDR, C-OTDR, B-OTDR, OFDR, and FSO/THz telemetry, Task 2.3 analyses establish 

a comprehensive foundation for a multi-layered observability model that can detect both rapid and slow-

evolving impairments. This visibility is critical for network domains where operational conditions change 

due to weather, mechanical stress, fibre ageing, or heterogeneous operator boundaries. As the input 

from Task 2.3 analyses is utilised in WP3 and WP4, the implementation loops in WP3 and WP4 provide 

additional input through refinement and validation, thereby expanding the guidelines introduced in this 

deliverable into a final telemetry and sensing framework suitable for confluent metro access. 

The following describes how the guidelines discussed in this deliverable would contribute to the ECO-

eNET ecosystem: 

a) Operational readiness and reliability 

Continuous telemetry, combined with selective high-resolution probes and sensing devices, can detect 

degradations at different timescales: milliseconds (FSO/THz, SoP dynamics), seconds (telemetry), and 

minutes (OTDR-based methods). This provides the basis for stable protection switching, pre-emptive 

re-routing, and early-stage failure anticipation, enabling confluent networks to meet the transport KPIs 

set in WP1 (e.g., ≥99.90–99.999% availability and sub-minute detection of impactful events). In addition, 

Task 2.3 has investigated common network failures and their development times, which serve as 

underlying requirements for technology selection and collection interval selection for telemetry and 

sensing equipment to be used in confluent metro access. By securing collection continuity, a safe 

OSaaS operation, spectrum reallocation, reconfiguration, and re-establishment can be implemented. 

b) Enabling cross-domain orchestration and automated resource (re)allocation 

ECO-eNET’s orchestration logic in WP3/WP4 requires consistent, synchronised, and verifiable 

telemetry from multiple physical domains. The unified dataset structure, metadata requirements, and 

collection rules recommended in this deliverable form the baseline that allows THz/FSO sensing, 

coherent telemetry, and distributed fibre sensing to be interpreted jointly. The result is a cross-domain 

situational awareness layer that correlates optical, wireless, and environmental phenomena in time and 

uses them as triggers for orchestrator-driven actions. These recommendations contribute directly to 

Tasks 3.1, 3.2, 3.4 and deliverable 4.2 by providing 

• collection intervals and alignment rules, ensuring that metrics can be fused or compared across 

telemetry sources, 

• policy-based escalation algorithms, enabling adaptive sensing intensity based on telemetry 

conditions, 

• benchmarked sensing capabilities, giving tasks under WP3 a validated basis for routing, 

prediction, and anomaly classification modules. 

As a result, the orchestration layer can operate on coherent and multi-domain inputs, supporting 

functionality such as OSaaS spectrum decisions, FSO/THz fallback logic, and cross-layer impairment 

interpretation. Task 2.3 thus delivers the data-plane observability substrate required for the higher-layer 

automation that ECO-eNET aims to demonstrate. 
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c) Energy and data efficiency 

A key design objective in ECO-eNET is to keep the monitoring overhead proportional to operational 

needs while enabling high-fidelity sensing. The impact of Task 2.3 is evident in the identification of a 

telemetry-first, event-driven sensing strategy, in which lightweight, low-power methods (transceiver 

telemetry, SoP, FSO/THz metrics) serve as the baseline. High-overhead instruments (C-OTDR, B-

OTDR, OFDR) are then activated on demand, reducing sensing power consumption and significantly 

lowering the need for continuous high-bandwidth diagnostics. 

The benchmarking results provided in Chapter 4 show the trade-offs between coverage, power 

consumption, and data production for each sensing device, establishing practical guidelines for 

operators wishing to deploy sensing in multi-operator, multi-domain and multi-technology environments. 

The recommended sensing topology — combining continuous telemetry with selective reflectometry — 

achieves high-level availability and detection accuracy while minimising CAPEX/OPEX. This creates a 

scalable, energy-aware sensing strategy suitable for dense access deployments with constrained 

power and space. 

d) Interoperability, vendor neutrality, and multi-operator operation 

The T/SaaS platform introduced in Task 2.3 serves as a single point of telemetry/sensing data 

collection, storage, and representation, integrating multi-vendor, multi-technology and multi-operator 

data into a single platform. Being enabled by the general metadata envelopes, standardised 

measurement semantics compatible with NETCONF/YANG, gNMI/OpenConfig, and other open 

telemetry frameworks, it contributes to the broader ECO-eNET objectives of vendor-agnostic resource 

pooling and cross-operator resource federation, enabling sensing to flow across domain boundaries 

without exposing proprietary device internals. Moreover, the sensing architecture supports operator-

specific privacy and governance policies (e.g., data sovereignty, multi-domain sharing constraints) by 

filtering and anonymising, as proposed in [25]. 

e) Contribution to 6G transport architectures and future research directions 

The sensing and telemetry blueprint presented in this deliverable aligns with emerging 6G architectural 

principles, including integrated sensing and communication (ISAC), AI-assisted network automation, 

multi-technology x-haul convergence, and zero-touch network management (ZSM). The deliverable 

provides practical examples of how communication infrastructure (transceivers, FSO, THz links) can be 

leveraged as sensing elements, along with recommended datasets and metadata structures to support 

data-driven inference engines and predictive decision logic planned in WP3/WP4. Considering the 

proposed sensing hierarchy, which spans the fibre, wireless, and environmental inputs, the  

escalation logic and T/SaaS abstraction lay the groundwork for closed-loop operation. 

As an overall conclusion to the impact assessment, deliverable D2.2 establishes robust, multi-layered 

sensing and telemetry recommendations that support the operational goals of ECO-eNET. The 

concepts discussed in this deliverable provide a unified cross-domain state awareness model for 

confluent networks, a data-driven foundation for resource (re)allocation and availability prediction, 

technology-validated sensing guidelines for OSaaS, FSO, THz, and fibre domains, and a scalable, 

interoperable, and efficient blueprint for sensing in multi-operator edge networks. 

These outputs feed directly into the development of ECO-eNET’s orchestration framework and 

contribute to the broader vision of resilient, flexible, and intelligent transport for 6G-era access networks. 
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7 Conclusion 

This deliverable presents the first consolidated assessment of sensing and telemetry options to enable 

confluent optical–wireless metro access networks within ECO-eNET. The objective of Task 2.3 was to 

identify, characterise, and benchmark sensing mechanisms that can support monitoring, availability 

estimation, and resource (re)allocation decisions across heterogeneous fibre, FSO, and THz segments. 

The work reported here provides the project’s initial technical foundation for multi-domain observability 

and preliminary recommendations on how sensing data from multiple technologies can be integrated, 

compared, and interpreted to support the orchestration logic that will be developed in WP3 and WP4. 

The first chapter of the document established the context for ECO-eNET, in which access networks 

evolve from technology-specific domains into a confluent connectivity fabric spanning fibre, free-space 

optical communications, and high-frequency radio. This architectural shift requires visibility into 

physical-layer conditions across all domains, as well as a monitoring model capable of revealing 

performance evolution, environmental exposure, degradation mechanisms, and failure localisation. The 

sensing requirements derived from the ECO-eNET use cases — demand redistribution, weather-

induced adaptation, and soft/hard failure management — highlight the need for both continuous, low-

overhead monitoring and event-driven high-resolution diagnostics. These requirements guided the 

selection and evaluation of sensing technologies throughout this deliverable. 

Chapter 2 provided a detailed review of available sensing options for the optical and wireless domains. 

For fibre systems, the analysis covered transceiver-embedded telemetry, SoP dynamics, direct-detect 

OTDR, coherent OTDR, phase OTDR, Brillouin-based sensing, and OFDR. Each method contributes 

distinct observability properties — from high-rate performance monitoring to dynamic disturbance 

sensitivity and spatially precise localisation. For wireless systems, sensing indicators from FSO and 

THz links were identified as valuable forward-looking signals, enabling early detection of atmospheric 

and mechanical effects that may precede optical service degradation. Together, these sensing 

mechanisms form a multi-layer observation model that captures environmental, structural, and optical 

path properties at complementary timescales. 

Chapter 3 focused on general recommendations for data representativeness usable across all sensing 

domains. These include aligning collection intervals with the natural evolution speeds of different failure 

modes in the networks; ensuring that averaging windows preserve relevant signatures while 

suppressing noise; maintaining continuity and precise timestamp alignment across sensing streams; 

and providing sufficient metadata to support autonomous interpretation. These guidelines ensure that 

sensing outputs can be reliably correlated within a multi-domain orchestration environment. Notably, 

the long-term telemetry study performed on a production DWDM network demonstrated how sampling 

rate, continuity gaps, and temporal jitter directly affect the interpretability of transceiver-level quality 

metrics—emphasising the need for stable collection pipelines when sensing is used for operational 

decision-making. 

Chapter 4 of this deliverable analysed the suitability of sensing options for ECO-eNET confluent metro-

access networks. The conducted benchmarking analyses provided a structured comparison of sensing 

technologies in terms of coverage efficiency, power consumption, and data volume. The results confirm 

that the most scalable sensing strategy in confluent access networks is a layered approach: continuous 

light-weight telemetry and SoP dynamics monitoring at the base layer, complemented by selective, on-

demand reflectometric measurements for disturbance confirmation or event localisation. Distributed 

sensing techniques such as C-OTDR and Brillouin-OTDR provide valuable structural information. Still, 

they are most effective when triggered by performance anomalies, both to conserve power and to limit 

unnecessary data movement. Wireless telemetry from FSO and THz systems, by contrast, can be 

offered continuously at negligible cost, providing predictive indicators for cross-domain adaptation. 

In addition to these technological results, the deliverable outlined the conceptual role of the 

Telemetry/Sensing-as-a-Service (T/SaaS) model introduced in Chapter 5. T/SaaS provides the initial 

integration mechanism for heterogeneous sensing streams and brings together transceiver telemetry, 

distributed fibre sensing, FSO and THz link indicators, and metadata into a unified collection and 

exposure layer, enabling WP3/WP4 algorithms to operate on consistent, time-aligned, and vendor-
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neutral datasets. Although the implementation aspects will be refined later in the project, this deliverable 

establishes the baseline design principles for data ingestion, quality annotation, cross-domain 

triggering, and policy-driven sensing escalation. 

In summary, the sensing work in Task 2.3 forms an essential first step toward realising confluent 

orchestration in ECO-eNET. It identifies the relevant sensing modalities, characterises their capabilities 

and limitations, defines dataset collection requirements, metadata structures, and provides the initial 

architectural outline for integrating these measurements into resource (re)allocation and availability-

driven control loops. The results presented here will serve as the technical substrate for the 

implementation, optimisation, and validation activities in WP3 and WP4, where the sensing concepts 

introduced in this deliverable will be translated into concrete orchestration workflows, platform 

components, and multi-domain demonstrations. As such, this deliverable establishes the foundation for 

ECO-eNET to develop its resilient, adaptive, and interoperable 6G-ready edge transport solutions. 
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List of Abbreviations 

 

5G Fifth-Generation Mobile Network 

6G Sixth-Generation Mobile Network 

AGC Automatic Gain Control 

API Application Programming Interface 

BER Bit Error Rate 

B-OTDR Brillouin Optical Time-Domain Reflectometer 

CAPEX Capital Expenditure 

CC-OTDR Coherent Correlation Optical Time-Domain Reflectometer 

CD Chromatic Dispersion 

C-OTDR Coherent Optical Time-Domain Reflectometer 

CWDM Coarse Wavelength-Division Multiplexing 

DAS Distributed Acoustic Sensing 

DD-OTDR Direct Detection Optical Time-Domain Reflectometer 

DP-16QAM Dual-Polarization 16-state Quadrature Amplitude Modulation 

DP-QPSK Dual-Polarization Quadrature Phase-Shift Keying 

DTSS Distributed Temperature and Strain Sensing 

DWDM Dense Wavelength-Division Multiplexing 

EDFA Erbium-Doped Fibre Amplifier 

FEC Forward Error Correction 

FSO Free-Space Optics 

FSO Free-Space Optics 

FTTx Fibre-to-the-x 

gNMI gRPC Network Management Interface 

GNSS Global Navigation Satellite System 

GOSNR Generalized Optical Signal-to-Noise Ratio 

GSNR Generalized Signal-to-Noise Ratio 

I/Q In-phase and quadrature components 

ILA Inline Amplifier 

ISAC Integrated Sensing and Communication 

ISO-OSI an open system for communication connections and networking. 

KPI Key Performance Indicator 

LOS Line-of-Sight 

MCS Modulation and Coding Scheme 

ML Machine Learning 

MTBF Mean Time Between Failures 

NETCONF Network Configuration Protocol 

OFDR Optical Frequency-Domain Reflectometer 

OLS Open Line System 

OpenROADM Open Reconfigurable Optical Add-Drop Multiplexer 

OpenZR+ Multi-Source Agreement (MSA) standard that extends the 400ZR standard to 
enable high-performance, cost-efficient, and interoperable coherent optical 
communications. 
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OPEX Operational Expenditure 

OPGW Optical Ground Wire 

OSC Optical Supervisory Channel 

OSNR Optical Signal-to-Noise Ratio 

OSaaS Optical Spectrum as a Service 

OTDR Optical Time-Domain Reflectometer 

PM Particulate Matter 

PMD Polarization Mode Dispersion 

PTP Precision Time Protocol 

Q Q-factor 

QoS Quality of Service 

ROADM Reconfigurable Optical Add-Drop Multiplexer 

RSSI Received Signal Strength Indicator 

Rx Receive 

SaaS Sensing-as-a-Service 

SDN Software-Defined Networking 

SLA Service Level Agreement 

SNMP Simple Network Management Protocol 

SNR Signal-to-Noise Ratio 

SNS JU Smart Networks and Services Joint Understanding 

SoP State of Polarization 

TaaS Telemetry-as-a-Service 

TCO Total Cost of Ownership 

TCP/IP Transmission Control Protocol / Internet Protocol 

Tx Transmit 

VOA Variable Optical Attenuator 

xHaul Fronthaul, Midhaul, and Backhaul transport networks that interconnect cell sites to 
each other 

YANG Yet Another Next Generation – data modeling language for the definition of data 
sent over network management protocols such as the NETCONF and RESTCONF 

ZSM Zero-Touch Service Management 

φ-OTDR Phase-Sensitive Optical Time-Domain Reflectometry 

 

 


