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Smart metering has been the backbone of many 
national smart grid initiatives and continues to drive 
the transition towards sustainable energy systems. 
What began as a simple meter-to-cash tool has 
evolved into a dynamic platform enabling flexibility, 
settlement, and grid-edge intelligence. This trans-
formation is unlocking new potential for managing 
decentralized, resilient, and low-carbon energy net-
works.

The earliest smart metering projects, launched 
around the early 2000s, began to integrate commu-
nications with metrology to create one of the first 
large-scale applications of the Internet of Things 
(IoT) fulfilling the massive machine-type commu-
nication (mMTC) use case. Remote meter reading 
has evolved into advanced energy management, 
fully utilizing the capabilities of the deployed con-
nectivity technologies.

The rise of electric vehicles (EVs) and electrified 
heating has since reshaped energy demand, with 
green initiatives driving a shift from domestic gas 
to the “green electron.” In this new landscape, Ad-
vanced Metering Infrastructure (AMI) has become 
vital, enabling real-time insight and control of an 
intelligent grid edge.

Today, many utilities are deploying their second 
or third wave of smart meter projects. Reliable, 
secure communications technology over long life-
cycles is essential, not only for meter functionality 
but for broader grid operations. As utilities navigate 
cost and complexity, finding scalable, future-proof 
solutions for grid-edge integration remains a stra-
tegic priority. This paper explores the evolution of 
connectivity technology standards and introduces 
the latest advancement supporting grid-edge in-
telligence: NR+, a radio interface purpose-built for 
scalability, reliability, and operating within a dedicat-
ed spectrum.

INTRODUCTION
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The Evolution of the Electricity Grid:
Digitization is Essential

Traditional electricity systems were built on a cen-
tralized, top-down model, where large-scale gen-
eration facilities fed power into the transmission 
grid, then down through distribution networks to 
end users. This centralized structure permitted grid 
operators to forecast demand using standard load 
profiles to balance supply efficiently, ensuring reli-
ability and affordability. However, this model offered 
little flexibility for integrating decentralized, distrib-
uted energy resources (DER).

Today, the energy landscape is undergoing a fun-
damental shift. Growing electrification, driven by 
EVs and electric heating, has significantly increased 
demand, especially during off-peak hours like night-
time. At the same time, decentralized renewable 
energy sources such as rooftop solar, wind farms, 
and battery storage are supplementing traditional 
generation. This evolution transforms consumers 
into active grid participants. The traditional ap-

proach of increasing capacity (i.e. by adding initial 
cabling) to meet peak demand is no longer feasible 
and instead requires a strategic shift toward invest-
ing in intelligence at the grid edge.

Managing this more complex, bidirectional energy 
system presents new challenges. Power is now 
generated and consumed across thousands of 
smaller, distributed assets, making grid stability 
harder to maintain. To navigate this, digitization is 
essential. Transmission System Operators (TSOs) 
being accountable for grid stability require to access 
real-time data from Distribution System Operators 
(DSOs) to monitor energy flows from the grid edge. 
DSOs, in turn, must track production and consump-
tion at a granular level to balance local grids with 
the same precision once reserved for national sys-
tems, ensuring power quality and 24/7 availability 
at each endpoint.
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Affordability
Economic Viability

Utilities must balance cost with 
need for scalable, future-proof 

grid infrastructure and data 
communications.

Sustainability
Decentralization
Decarbonization

Utilities responsible for driving low 
carbon energy while enabling 

futureproof digital transformation at the 
grid edge

Reliability
Power Quality

Security of Supply

Primary responsibility of Utility is 
continuous seamless energy 

supply.

Energy Policy
Objectives

The Grid Edge Design Challenge:
Performing While Transforming

As fossil fuel systems are phased out to curb emis-
sions, grid operators must integrate renewable 
energy into legacy infrastructure. Countries like 
Germany are looking to North European models, 
where grids built for electric heating are better po-
sitioned to manage surging demands from EVs. 
However, this transition reveals a clear system 
level conflict. Replacing bulk generation with inter-
mittent renewables requires significant investment 
in transmission grid infrastructure to maintain reli-
ability, while EV adoption increases strain on power 
quality for local distribution grids. Meanwhile, polit-
ical pressures demand energy remains affordable, 
forcing a careful balance between sustainability, 
reliability, and affordability.

Utilities carry a growing responsibility to drive digital 
transformation, delivering affordable energy while 
modernizing systems to monitor and manage both 

consumption and production for seamless grid inte-
gration. As grid-edge services expand, they require 
robust, reliable communication networks to ensure 
precise, real-time data flow.

Smart meters have evolved beyond basic billing 
tools to become secure sensors capable of moni-
toring voltage, harmonics, and overall supply qual-
ity. With increasing grid-edge intelligence, they are 
transforming into trusted digital hubs, securely link-
ing utilities to home and business assets like stor-
age, renewables, and other distributed resources. 
Often grouped in decentralized clusters, these de-
vices generate large volumes of data that must be 
processed either locally with edge computing and 
AI, or centrally. Reliable data and communications 
infrastructure are essential to maintain grid stability 
and support the growing demands of a distributed, 
digital energy landscape.
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Electricity grids function as natural monopolies, 
operating under government mandates to ensure 
public reliability and stability. Regulatory frameworks 
impose strict penalties for failure, emphasizing the 
need for resilient systems. Similarly, communica-
tion networks supporting intelligent grid-edge oper-
ations should be treated with the same critical im-
portance. These systems must deliver near 100% 
data accuracy and availability, ensuring reliable 
transmission to Head End Systems or third parties. 
Any data loss undermines decision-making and op-
erational trust. As grids evolve toward decentralized 
flexibility markets, including neighbourhood energy 
clusters, secure, non-repudiable and verifiable data 
becomes essential for maintaining system integrity 
and enabling trusted market transactions.

Digital Communication

This example highlights that digitization, and con-
nectivity should no longer be determined on a case-
by-case basis for individual use cases such as AMI. 
Instead, they must align with broader grid-edge 
objectives, particularly in data acquisition, con-
trol, and governance. As energy systems evolve 
towards decentralization and flexibility, clearly de-
fined ownership and governance structures for grid 
communication networks become as essential as 
the performance the connectivity portfolio delivers. 

In Germany, many buildings with solar panels 
feed energy into the grid without considering 
local consumption needs. Some also use 
basic, ‘dumb’ batteries that charge even when 
grid conditions would benefit more from energy 
injection. Grid operators have limited control or 
incentives to promote grid-friendly behaviour, 
forcing backup power plants to cover demand 
spikes and inefficient battery charging. This 
undermines the batteries’ intended role and 
strains the system. Solving this requires a 
complex mix of regulation and technology. 
A promising solution lies in enabling secure 
connectivity that aligns grid operators’ goals 
with asset owners’ interests for smarter, more 
responsive energy use.

These networks are fundamental to future energy 
infrastructure and must be reliable, secure, and 
well-managed

Utilities in North America and DSOs in Europe have 
gained valuable experience in IoT and massive ma-
chine-type communications. They understand the 
difference between consumer-grade connectivity 
and robust, scalable systems built for utility-grade 
resilience. Early deployment phases revealed chal-
lenges such as limited coverage, complex com-
missioning and increased infrastructure demands. 
These issues led to unexpected costs, including 
manual interventions, unresponsive meters and 
costly cleaning rates.

Connectivity should fall under the authority of a 
clearly designated entity such as a DSO, utility, 
or regulated market actor operating under a nat-
ural monopoly framework. Treating it as a distinct 
market function separates governance from oper-
ational roles, making the system more robust and 
politically neutral. Especially in smart metering, the 
technology and connectivity choices made during 
requirement definition directly influence long-term 
system performance and strategic energy goals.

Focusing solely on smart metering often em-
phasizes affordability, while critical aspects like 
energy security and grid resilience are indirectly 
shaped by defined use cases. However, evolv-
ing needs for a more sustainable, resilient, and 
cost-effective energy system are not fully cap-
tured in this narrow view. Given current trends, 
utilities must manage increasing complexity 
at the grid edge, balancing immediate needs 
with long-term goals. This demands architec-
tures capable of reliably acquiring data from 
Distributed Energy Resources (DERs) and 
connected appliances for energy transactions. 
Rather than adopting a one-size-fits-all model, 
this calls for platform thinking and integration of 
innovations from the communications sector.
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Affordability in connectivity solutions is about 
achieving the lowest total cost of ownership over 
time, reflecting the energy sector’s principle of 
delivering maximum value with minimal lifetime 
expense. This means prioritizing power efficiency 
and long-term performance over just initial costs. 
Standardized technologies that enable high-vol-
ume connections (such as power line communica-
tion (PLC)) help reduce per-unit costs and foster a 
more cost-effective vendor and service ecosystem. 
Affordable, mass-deployable chipsets are vital, as 
is cost-effective device integration that minimizes 
vendor complexity. Key considerations also include 
the cost and availability of supporting infrastructure 
(e.g. cellular networks) and spectrum use, both 
licensed and unlicensed. Ongoing costs, such as 
airtime fees, remote SIM provisioning and connec-
tivity management, must be accounted for, along 
with and future upgrade obligations that may affect 
long-term affordability.

Reliability with resilient connectivity ensures con-
sistent, secure data delivery for critical grid oper-
ations, even as throughput or latency demands 
evolve. The system must handle near-real-time 
data requirements and be scalable to support future 
use cases without performance loss. Interoperabil-
ity between various grid-edge devices is essential, 
supported by regular security updates and open-
ness to innovation. Built-in resilience mechanisms, 
like localized failover and self-healing networks, 
are crucial for maintaining service continuity during 
disruptions and ensuring long-term operational ro-
bustness.

Sustainability in connectivity must support long-
term grid-edge transformation. This includes 
alignment with regulatory changes, energy market 
evolution, and a clear roadmap to avoid obsoles-
cence such as network sunset. Remote firm-
ware and software updates are key for on-
going optimization and security. Secure 
onboarding and encrypted data trans-
mission protect infrastructure trust 
whilst ensuring compliance with 
critical infrastructure protection 
regulation in place (e.g. Cyber 
Resilience Act in EU or similar 
IoT cybersecurity schemes 
globally). Scalability through 
modular design enables 
seamless integration of new 
DERs, meters, and smart 
appliances, ensuring that 
connectivity grows with 
the grid without costly 
overhauls.

Affordability

Lowest cost over time
Ecosystems at scale

Affordable chipsets and hardware
Cost-effective Integration

Infrastructure and Spectrum
Third-Party Dependencies

Post-Installation cost 

Sustainability
Network Sunset

Regulatory and Market Alignment
Remote Configuration updates

Long term firmware and software support
Secure data communication

Capacity expansion and modular design

Reliability

Performance & data availability
Foundation for evolution

Cross use case interoperability
Security Updates and openness

Resilience and failover

Grid Edge Connectivity
ObjectivesM
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Governance in Grid Connectivity:
A Utility Imperative

The utility sector has gained extensive experience 
in rolling out communication technologies at the 
grid edge, especially through large-scale smart me-
tering initiatives. Numerous reports show how crit-
ical a well-informed decision can be, emphasizing 
the long-term impact on operations and the value 
of examining results to guide future requirements. 
With NR+ emerging as a promising new and com-
plementary standard, this chapter explores why a 
dedicated, purpose-designed radio technology is 
essential to address the evolving needs and chal-
lenges of modern grid-edge communication. Cen-
tralized vs. Decentralized Communication on smart 
grid edge.

Connectivity governance has become a pressing 
issue for utilities as they expand and modernize 
smart grid infrastructure. The growing complexity of 
grid operations is compounded by the involvement 
of third-party providers, such as Mobile Network 
Operators (MNOs), in managing essential connec-
tivity. While MNOs offer the benefits of widespread 
cellular coverage and reliability, combining these 
advantages with utility-governed technologies like 
PLC in Europe provides a balanced and affordable 
approach to grid-edge data acquisition.

Mobile Network Operators (MNOs) entered the 
smart metering space nearly two decades ago, 
starting with 2G-enabled meters. The appeal of cel-
lular was clear. It offered low infrastructure costs, 
easy installation, and broad coverage in populated 
areas. However, a long-standing challenge with cel-
lular in smart metering has been longevity. Meters 
and grid devices are expected to operate in the field 
for 15 years or more, yet cellular networks evolve 
quickly, with older technologies like 2G and 3G al-
ready phased out in many regions. Similar transi-
tions are anticipated, with LTE possibly sunsetting 
in North America by the mid-2030s. While some 
European operators have pledged to support LTE 
CAT-1 until 2045, the long-term cost implications 
remain uncertain for utilities and energy ratepayers.

Moreover, MNOs are not primarily focused on IoT or 
smart grid applications. Their strategies are driven 
by markets with higher revenue potential, such as 
mobile broadband and multimedia services follow
ing much shorter lifecycles of connected devices 
such as smartphones or asset trackers. This mis
alignment can lead to future roadblocks, as utilities 
become increasingly dependent on networks not 
optimized for critical grid operations.

DSOs and utilities are accountable for delivering 
stable, reliable energy services that adapt to shift-
ing demand, without imposing unrealistic costs. 
This responsibility depends on access to high-qual-
ity, dependable data, not only from smart meters 
but increasingly from behind-the-meter devices like 
inverters and heat pumps. While some of these 
devices are marketed as “smart”, connectivity via 

domestic Wi-Fi or vendor-managed networks (e.g. 
cellular or LPWAN) cannot be considered reliable. 
Moreover, data must be securely handled under 
utility governance, in full compliance with legal and 
regulatory frameworks, ensuring integrity, trace-
ability, and long-term accountability in critical grid 
operations.

Cellular Connectivity:
Operator Centralized
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Power Line Communication:
Ownership with Trade-offs

PLC offers utilities greater governance by using 
existing electrical infrastructure for data transmis-
sion. It has been widely deployed in first-generation 
AMI systems in Europe and China. For example, 
France’s LINKY rollout required 700,000 data con-
centrator units (DCUs) for 35 million meters, an 
investment of around $10 per endpoint. While often 
seen as low-cost, PLC implementation includes 
hidden costs, particularly the need for specialized 
installations and maintenance.

Technological advancements like G3-PLC have 
improved reliability, but challenges persist in areas 
with poor cable quality or high interference. To 
overcome this, the G3-PLC Alliance introduced 
G3-Hybrid, which adds radio frequency (RF) as a 
last-mile backup for meters unable to communicate 
via PLC. While effective, this dual-mode approach 
adds complexity and cost, requiring each meter to 
support both PLC and RF communications.

Importantly, PLC’s design makes it difficult to scale 
for today’s decentralized energy environment. As 
more DERs come online, the data demands and 
diversity of connected devices quickly exceed the 
capabilities of many PLC systems, especially with 
increased granularity of data and the electrical ef-
fects of additional devices.

RF Mesh:
Bridging Control & Performance

To address the limitations of both cellular and PLC, 
RF mesh communication has emerged as a viable 
middle ground. RF mesh networks enable smart 
meters and other devices to communicate wireless-
ly with each other, forming a decentralized “mesh” 
that is self-healing and robust. Each node can 
send, receive, and forward data, ensuring network 
resilience even when individual connections fail. 
Dedicated devices in the mesh provide a backhaul 
link to utility head-end systems.

RF mesh has been widely adopted in North Amer-
ica, particularly in AMI deployments for electricity. 
Its use of license-free ISM bands, such as the 900 
MHz ISM spectrum, offers cost and flexibility advan-
tages. However, RF mesh adoption in Europe has 
been limited due to stricter regulatory constraints 
on ISM frequencies (e.g. 868 MHz), which impose 
limits on transmit power and duty cycles. As a result, 
most European countries have leaned toward PLC 
or cellular connectivity for smart metering, with the 
Nordic region being a notable exception in mesh 
deployment.

A major strength of RF mesh is utility governance. 
Unlike cellular networks, RF mesh infrastructure is 
typically owned and operated by the utility or desig-
nated market actor. This ensures long-term control, 
avoids vendor lock-in, and eliminates concerns 
around commercial network sunsets. It also offers 
cost-effectiveness through low-cost hardware and 
reduced operational dependencies.
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Barriers to Global Mesh Adoption 
and the NR+ Breakthrough

Despite its advantages, RF mesh has historically 
faced two significant barriers to global adoption: 
fragmented spectrum regulations and the lack 
of a standardized, interoperable protocol. Many 
mesh networks are based on proprietary or ven-
dor-specific protocols, which limits interopera-
bility and scalability. Wi-SUN, a standardization 
effort for mesh communication, has made prog-
ress but remains limited by its reliance on ISM 
bands and regional spectrum constraints. Con-
sequently, there are few (if any) major Wi-SUN 
deployments in Europe.

What has been missing is a globally consistent 
standard for RF mesh that addresses regulatory 

and technical disparities. This is where the NR+ 
radio standard marks a breakthrough, empowering 
utilities to deploy intelligent grid-edge applications 
with the confidence of regulatory compliance, long-
term interoperability, and technology longevity.

With NR+, utilities can combine the governance 
benefits of PLC with the flexibility and scalability 
of RF mesh, while avoiding the long-term depen-
dency and unpredictability of third-party cellular 
networks. This approach supports a broader 
transformation toward a decentralized, digital 
grid, giving utilities the tools to maintain control, 
manage costs, and adapt to an increasingly com-
plex energy ecosystem.

DCU

Direct Cellular Power Line Communication RF Mesh communication
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NR+ is a wireless connectivity standard and the 
world’s first non-cellular 5G technology, pur-
pose-built to meet the unique requirements of 
industrial IoT applications. Officially known as 
DECT-2020 NR, it was first published by the Eu-
ropean Telecommunications Standards Institute 
(ETSI) in 2020 and recognized by the International 
Telecommunication Union (ITU-R) in 2021 as part 
of the global 5G family. NR+ supports ultra-reliable 
low-latency communications (URLLC) and mas-
sive machine-type communication use cases 
including smart grid, smart buildings, industrial 
automation, and smart cities, enabling both 
indoor and outdoor deployment scenarios.

Unlike consumer-focused cellular net-
works, NR+ is the only IoT-specific 
5G standard designed for industries 
to build private, scalable networks 
supporting up to one million devic-
es per square kilometre. These 
networks operate without cellu-
lar subscription fees on a per 
device basis, reducing long-
term ownership costs while 
maintaining full utility or 
enterprise control.

The NR+ Standard:
Purpose-Built Connectivity for Industrial 
IoT & Smart Grids

5G
Use Case 

Service 
Categories

Data Rate

Latency & ReliabilityScale and Density

mMTC URLLC

eMBB
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NR+ operates primarily in the 1880 MHz to 1900 
MHz band, which is part of the spectrum historical-
ly allocated for DECT (Digital Enhanced Cordless 
Telecommunications) systems. While NR+ is not 
an extension of legacy DECT, it is designed to co-
exist harmoniously with traditional DECT systems 
by aligning with existing transmission lengths and 
channel structures.

In many countries, this band is exclusively reserved 
for DECT technologies, offering license-exempt, 
interference-free access. This contrasts with ISM 
(industrial, scientific, and medical) bands, which 
often suffer from congestion and unpredictability 
due to unregulated device usage. The consistent 
and proven performance of DECT technologies 
strengthens the stability and reliability of this ded-
icated spectrum, where coexistence between de-
ployments is a fundamental principle, enabling un-
limited lifecycle operation under regulation issued 
by CEPT.

Importantly, NR+ is not confined to the 1880 MHz 
to 1900 MHz band. It is designed to operate across 
multiple frequencies, including the 900 MHz ISM 
band in North America and in private licensed spec-
trum where available bandwidth allows, offering de-
ployment flexibility globally.

Standards are the result of decades of tech-
nological evolution and market learning. NR+ 
combines the strengths of long-standing RF 
mesh innovation in shared spectrum (e.g. ISM 
Bands) with over 40 years of governance and 
reliability in the dedicated DECT band. This 
dedicated spectrum ensures critical regulatory 
requirements like coexistence, business con-
tinuity, and scalable reliability, foundations es-
sential for future-proof connectivity.

NR+ was purposefully designed by aligning 
available spectrum with the demand for in-
novation, while preserving compatibility with 
legacy DECT systems. It incorporates a scal-
able, self-healing mesh topology engineered 
for coexistence across spectrum environments, 
ensuring robust performance even under dense 
deployments.

What truly sets NR+ apart is its synergy with 
cellular industry standards at the chipset level, 
delivering a highly efficient 5G physical layer, 
advanced radio interface technology, and mesh-
by-design flexibility. It’s the best of all worlds in 
one future-ready standard.

Dedicated Spectrum with
Built-in Stability
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Mesh Topology and
Technical Capabilities

NR+ is designed to be application-agnostic, allow-
ing for widespread adoption across industries and 
integration into existing infrastructure. It supports 
transmission bandwidths ranging from 1.728 MHz 
to 221 MHz and utilizes adaptive modulation and 
coding along with diversity technologies to achieve 
data rates from 1 Mbps up to 1.3 Gbps using a 
single spatial stream.

The first commercial implementations focus on 
mesh network configurations, particularly suited to 
smart grid, metering, and building automation ap-
plications. These initial deployments operate at 1 
Mbps in the 1900 MHz DECT band, chosen for its 
wide availability, strong signal penetration, and 20 
MHz of available bandwidth in most countries.

The NR+ radio layer uses Orthogonal Frequency 
Division Multiplexing (OFDM) to ensure efficient, 
robust communication. While mesh is the primary 
topology for grid-edge use cases, NR+ also sup-
ports point-to-point and star network topologies, 
offering architectural flexibility.

In mesh mode, NR+ networks are self-healing and 
self-organizing, automatically adjusting to node 
failures to ensure uninterrupted operation. The pro-
tocol stack spans layers 1 to 4, with specific appli-
cations, such as grid-edge communication, residing 
at the higher application layers.
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A Framework for
Industrial-Scale Connectivity

Dedicated Spectrum High Reliability
Operation and Business 

Continuity

NR+ leverages license-exempt 
1900 MHz DECT spectrum, 
allowing AMI and grid-edge 
applications to avoid ISM 

band congestion or the costs 
of licensed cellular access. 

This dedicated spectrum 
supports cost-effective, large-

scale deployments with 
reduced complexity and 

enhanced reliability.

Building on over 30 years of 
proven DECT performance in 
mission-critical applications, 
NR+ enhances reliability with 
long-range, low-latency, and 

self-healing mesh 
capabilities. These features 

deliver robust, wire-free 
communication, essential for 

applications like smart 
metering and distributed 

energy resource 
management.

NR+ is an open, standardized 
platform, ensuring long-term 

compatibility, support, and 
governance. As part of the 

DECT family, it benefits from a 
stable regulatory environment 

and technical roadmap. 
Utilities and service providers 
retain full ownership of their 

networks, eliminating reliance 
on third-party operators or 

future uncertainties 
associated with network 

sunsetting.

NR+ introduces a powerful connectivity framework 
tailored for industrial IoT, offering significant advan-
tages for the energy sector and beyond.

By combining low cost, high reliability and owner-
ship control, NR+ empowers utilities, municipalities, 
and industrial players to deploy next-generation 
grid-edge and IoT infrastructure that is scalable, 
secure and future-proof.
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As utilities and DSOs modernize infrastructure 
to support smart grid applications, ownership, 
reliability, and transparency of communication 
networks have become critical. Traditional off-the-
shelf connectivity solutions, such as cellular and 
PLC, often fall short in providing long-term control 
and scalability. The NR+ standard, purpose-built for 
industrial IoT and grid-edge environments, offers 
a breakthrough by combining robust performance 
with utility-owned, decentralized communication 
networks.

By leveraging radio-based mesh technology, NR+ 
delivers a flexible, resilient communication architec-
ture specifically suited to the demands of modern 
energy systems. Unlike cellular networks, which 
are centrally managed and designed for general 
consumer broadband applications, NR+ gives util-
ities full governance over dedicated spectrum and 
infrastructure, offering a future-ready solution that 
meets the core pillars of sustainability, affordability, 
and reliability.

A decentralized grid architecture requires equal-
ly decentralized communication infrastructure, 
an approach NR+ is uniquely positioned to sup-
port.

NR+ in the Intelligent Grid Edge:
A Purpose-Built Communication Solution
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Comparing Access 
Technologies

Access 
Technology

Sustainability (Longevity) Affordability (Cost) Reliability (Performance)

Cellular

Vulnerable to network 
shutdowns and spectrum 

repurposing; utilities have no 
roadmap control.

High component and 
maintenance costs; subject to 

operator fees and licensing.

Good coverage, reliability varies 
by geography and operator; 

additional costs for high 
reliability.

PLC
Limited long-term viability for 

intelligent grid edge use 
cases.

Maintenance-intensive; 
expensive DCU installations 

required.

Performance impacted by local 
cabling infrastructure; suitable 

mostly for AMI.

NR+

RF Mesh

Utility-managed private 
network immune to third-

party obsolescence.

Spectrum refarming or 
“network sunset” risks are 
eliminated, providing long-

term stability.

No infrastructure or operator 
fees; low hardware costs; 

lowest total cost of ownership.

Utilities avoid subscription-
based models and high 

dependency on commercial 
carriers.

Self-healing, self-forming 
network with no blackspots; 
dedicated spectrum ensures 

optimal performance.

Networks can be optimized for 
smart grid performance rather 

than retrofitted from consumer 
broadband.
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Sustainability:
Designed for Longevity
and Control
NR+ is specifically designed for long-term opera-
tion, making it ideal for smart meters and grid-edge 
devices with 10–15 year lifespans or longer. Utilities 
retain complete ownership of both the network and 
the data, eliminating reliance on telecom operators 
or third-party connectivity platforms.

This independence reduces risk exposure, minimiz-
es unexpected costs, and ensures service continu-
ity regardless of external commercial pressures. 
While public networks may still play a complemen-
tary role, NR+ reduces dependence on external 
infrastructure, aligning with utilities’ strategic need 
for governance, control and predictability.

In contrast to license-exempt ISM bands used in 
many regions, the dedicated DECT 1880-1900 
MHz band used by NR+ avoids overcrowding, in-
terference, and regulatory variability. Unlike ISM 
bands, where device density and loose regulation 
can saturate spectrum, NR+ operates in a stable 
and predictable environment with no duty cycle 
limitations or interference from unrelated devices.

Affordability:
Reducing Costs,
Enhancing Value
NR+ significantly lowers both capital and opera-
tional expenditure. By removing dependencies on 
mobile network operators, utilities avoid long-term 
costs such as airtime, SIM management and sub-
scription fees.

In contrast to cellular modules, which require com-
plex hardware, SIM integration and lifecycle man-
agement, NR+ RF mesh modules are lower-cost, 
simpler to implement, and free from cellular stan-
dard essential patent (SEP) fees. The savings 
scale quickly across millions of smart meters or 
connected grid-edge assets.

Moreover, NR+ allows for flexible deployment ar-
chitectures, enabling hybrid configurations where 
cellular is used only for backhaul. By optimizing 
the ratio between mesh meters and hybrid 
meters, which support both mesh and cellu-
lar backhaul, utilities can design scalable, 
cost-effective networks that align with spe-
cific geographic and operational require-
ments.

Reliability:
Built-In Resilience
and Scalability
The NR+ mesh network is self-forming and 
self-healing, ensuring seamless operation even in 
harsh or changing environments. Each device can 
route data via multiple paths, offering redundancy 
and fault tolerance. As nodes are added, the net-
work dynamically adapts, expanding coverage and 
improving service quality without manual interven-
tion.

This capability is critical for long-life smart meter 
deployments, where physical and environmental 
conditions may change over time. The dynamic 
routing and adaptability of NR+ ensure consistent 
performance throughout the network’s lifecycle.

With no centralized point of failure and no cover-
age blackspots, NR+ networks maintain continuous 
connectivity. Each smart meter or node becomes 
an active contributor to the network, extending cov-
erage and enhancing reliability. This makes NR+ 
ideal for large-scale rollouts in both urban and rural 
environments.

The technology supports virtually unlimited node 
scalability, making it suitable for dense smart 
city grids as well as distributed energy resources 
(DERs) in remote locations. Devices autonomously 
organize, optimize, and scale the network, ensur-
ing intelligent, autonomous communication at the 
grid edge.

Sustainability

10–15+ Year Lifespans
Full Utility Control.

Guaranteed Continuity
Strategic Independence

Dedicated, Interference-Free Spectrum.

Affordability

Flexible Architecture
Optimized Networks

Lower-Cost Massive Scalability 
Eliminates Operator Dependency 

Reliability

Dynamic Routing
Scalable & Adaptive.

No Single Point of Failure
Self-Forming & Self-Healing 
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As AMI continues to evolve, many countries are al-
ready in their second or third wave of deployment. 
These rollouts have provided valuable insights into 
connectivity models, leading to broader adoption 
of hybrid communication architectures. However, 
extending smart metering into the intelligent grid 
edge presents new challenges, particularly as 
technology cycles accelerate. Hardware such as 
communication hubs and gateways will inevitably 
require upgrades within a 10–15 year deployment 
window, regardless of the chosen WAN or Home 
Area Network (HAN) solution.

While some behind-the-meter (BTM) devices serve 
consumer needs, others, such as EV chargers, 
heat pumps, or solar inverters are grid-critical. Ef-
fective demand-side flexibility depends on secure, 

utility-governed connectivity, yet no universal stan-
dard currently exists for integrating these devices 
directly into utility operations.

NR+ addresses this gap with a scalable, utility-man-
aged mesh network that separates communication 
from application layers. By expanding smart meter 
infrastructure to include controllable assets, NR+ 
creates a secure, resilient, and cost-effective plat-
form. It enables stable operation, secure settle-
ments, and real-time grid services. With its dedicat-
ed spectrum and robust governance, NR+ opens 
the door for reliable integration of BTM devices 
and broader grid-edge assets, especially in regions 
previously underserved by mesh connectivity solu-
tions. 

NR+ Considerations
for the Future Grid Edge

18



Decentralized connectivity 
for decentralized energy 
systems
The transition to a sustainable, digital energy future 
depends on resilient, scalable connectivity that 
aligns with long-term industry goals, ensuring sus-
tainability, reliability, and affordability, while giving 
utilities full governance over their communication in-
frastructure. As AMI evolves, utilities must manage 
increasing grid-edge complexity and demand for 
high-resolution data, essential for operating decen-
tralized, flexible energy systems.

NR+, the world’s first non-cellular 5G standard, 
addresses this challenge by delivering a self-heal-
ing, ultra-reliable RF mesh network purpose-built 
for the grid edge. Unlike traditional cellular AMI 
solutions, NR+ enables a private, utility-controlled 
network over dedicated spectrum, eliminating reli-
ance on third-party infrastructure and subscription 
fees. This model enhances network sustainability, 
control, and cost efficiency.

CONCLUSION

Adopting NR+ allows utilities to extend connectiv-
ity beyond metering, enabling direct integration of 
critical grid-edge assets, such as storage systems, 
HVAC and EV chargers, into demand-side flexibili-
ty programs. With secure, scalable communication 
and full ownership, utilities can dynamically manage 
behind-the-meter (BTM) devices, unlocking new 
capabilities for grid balancing, real-time pricing, 
and responsive energy services.

As the grid becomes more decentralized and da-
ta-driven, NR+ sets a new standard for future-ready, 
utility-owned connectivity. It ensures long-term 
adaptability without the risk of technological obso-
lescence, enabling utilities to meet the increasing 
demands of electrification and renewable integra-
tion.

By embracing NR+ connectivity, utilities are not 
just investing in better smart metering infrastruc-
ture, they are laying the foundation for an intelli-
gent energy ecosystem that can accommodate 
the growing needs of electrification, demand side 
flexibility, and renewable integration, making the 
transition to a sustainable energy future both reli-
able and affordable.
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Appendix 1

NR+ AMI Technology supplier selection
Wirepas focuses on the research, standardization, development, 
and licensing of intellectual property in wireless communication tech-
nologies. The company provides software IP for radio communica-
tions and protocols, enabling Smart Metering solution providers to 
build advanced AMI networks built on the NR+ standard. With over 
a decade of experience in the smart energy sector, Wirepas offers 
a highly efficient decentralized RF mesh implementation that pro-
vides robust, scalable AMI deployments, connecting millions of smart 
meters across multiple regions.
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Sustainable. Reliable. Affordable.


