© JUN 2026 | IRE Journals | Volume 9 Issue 12 | ISSN: 2456-8880
DOI: https://doi.org/10.64388/IREV9112-1718520

5G and ICT Infrastructure for Smart Industries

FAIZAN ALAM!, RIMMY?, ARNAV KUMAR?
3B Tech Student, Department of Computer Science and Engineering, Quantum University, Roorkee,

India.

?Assistant Professor, Department of Computer Science and Engineering, Quantum University, Roorkee,

Abstract- Digital technologies are reshaping old-school
factories into smart, automated workplaces—what folks
now call Industry 4.0. In these new setups, everything
depends on quick, smooth communication, instant data
crunching, and systems that can make decisions on their
own. Out of all the tech making this possible, two stand
out: 5G wireless and solid ICT infrastructure. 5G isn’t
just faster phones. It means lightning-fast data, barely-
there delays, and the power to keep countless machines
and sensors talking all at once. That’s what makes it a
game-changer for things like automation, robots, remote
monitoring, and predicting when equipment will break
down. Then there’s ICT—the backbone that lets all that
data get from point A to point B safely, get stored, and get
processed the moment it comes in. This paper zeroes in on
how 5G and ICT fit together inside smart industries. It
breaks down their setups, shows what they can do, and
looks at where they’re being used today. There are some
clear upsides: things run smoother, cost less, and
companies can pivot quickly. But nothing’s perfect, and
the paper doesn’t ignore the tough stuff—security
headaches, big price tags for getting started, and tech
challenges that still need work. On top of all that, it
glances ahead at how Al, edge computing, and the next
wave of communication tech will shake things up even
further. In the end, one thing’s clear: without both 5G
and ICT working together, smart industries wouldn’t get
far. They’re the solid foundation for sustainable growth
as industry goes digital.
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L. INTRODUCTION
Over the past few years, industries everywhere have

been completely reshaped by digital technology.
People call this Industry 4.0—it’s basically about
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mixing cutting-edge stuff like IoT, Al, big data, and
cloud computing right into everyday operations. The
goal? Smart factories that run themselves, make
sharp decisions, and keep pace with whatever’s
happening around them.

But to actually get there, these industries need
communication systems they can trust—fast, reliable,
and built for today’s demands. Old-school networks,
whether wired or earlier wireless generations, just
can’t keep up. Modern factories need to move tons of
data fast, with barely any delay, and connect heaps of
devices at the same time.

That’s where 5G makes a huge difference. 5G isn’t
just faster phones—it brings crazy-fast broadband,
real-time connections you can count on, and handles
just about as many devices as you care to throw at it
[1]. It powers instant chatter between machines,
sensors, and control systems—the backbone of
automation and running things smarter.

Of course, 5G alone isn’t enough. ICT infrastructure
is the skeleton holding everything up, with all the
hardware, software, and networks you need for
crunching numbers and keeping communication
flowing. ICT systems grab data everywhere, analyze
it, and help steer decisions and controls.

When industries tie together 5G and solid ICT
infrastructure, everything gets a boost—efficiency,
productivity, flexibility. It even unlocks new stuff
like fully smart manufacturing, remote monitoring,
and machines that predict when they’ll need a tune-
up. This paper digs into how 5G and ICT actually
push smart industries forward—the perks, the tough
spots, and what’s coming next.
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IL. CONCEPTUAL VIEW OF 5G AND ICT
INFRASTRUCTURE IN SMART
INDUSTRY

In a smart industrial setup, ICT infrastructure acts as
the digital backbone, moving data from machines to
analytics systems and all the way back to actuators. It
covers everything—radio access, transport and core
networks, industrial gateways, deterministic Ethernet,
edge computing, cloud platforms, and management
software. 5G adds the wireless part, but it’s more
than just faster connections. It brings features
industrial sites actually need, like network slicing,
quality-of-service controls, local breakout, and
support for private networks. That matters because
factories don’t run on just one network service. For
example, sensor networks used for predictive
maintenance have different requirements than a
remote-controlled crane, an AR maintenance headset,
or a high-speed inspection camera.

Looking at ICT beyond just connectivity is essential.
A smart factory isn’t “smart” just because it has
speedy wireless links. It needs to gather, filter, move,
store, and make sense of data to help people make
decisions. Modern industrial ICT solutions blend
connectivity with edge analytics, Al-driven services,
digital twins, event streams, and secure APIs. So, the
whole setup becomes a layered system: 5G handles
mobility and flexible access, while edge and cloud
platforms supply the computation, control logic, and
lifecycle management.
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III. WHY SMART INDUSTRIES NEED NEW
CONNECTIVITY

Old-school industrial networks relied on wired
fieldbuses and deterministic Ethernet. These setups
work great for fixed production lines, but they
struggle when machines need to move, layouts
change, or equipment spreads out across a big site.
Modern factories need something more flexible—a
network that handles moving gear, quick
reconfigurations, a swarm of connected devices, and
both operational and IT traffic all at once. On top of
that, timing has to be spot-on, delays can't get out of
control, and security has to be tight because a single
failure can shut down production or wreck expensive
assets.

This push for better connectivity comes from a few
big changes. Production has gone modular, so
factories retool fast instead of dragging through long
redesigns. Industrial smarts now depend on real-time
sensors and instant action, not just old-school
reporting after the fact. There’s also a big push to run
Al and analytics across many sites, but companies
don’t want to risk their industrial data on open
networks. That’s where 5G steps in—it supports
local, private networks and plugs right into industrial
protocols and applications, making it a good fit for all
these new demands.

Iv. 5G CAPABILITIES RELEVANT TO
INDUSTRY

There are three main types of 5G services that really
matter for industry. Enhanced Mobile Broadband
(eMBB) lets you handle things like video inspections,
big file transfers, and AR/VR guidance—basically,
anything that chews through a lot of data. Massive
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Machine-Type Communication (mMTC) connects
huge numbers of low-power devices, like sensors and
meters, making it perfect for environments loaded
with hardware. Then there’s Ultra-Reliable Low-
Latency Communication (URLLC), which is all
about quick, dependable connections for closed-loop
control, remote operations, safety coordination, and
automation that can’t afford delays.

When you look at smart industry, 5G isn't just about
blazing speed. It’s about mixing these service types
in a single, programmable system that can handle
whatever the job throws at it.

Another big advantage is private 5G networks.
Setting up your own private network gives you power
over coverage, security, which devices get in, traffic
priorities, and how your data is handled right on site.
That’s a game-changer for factories and industrial
settings, where keeping things fast, secure, and local
often matters way more than connecting to the wider
world. These days, the standards and most expert
advice treat industrial 5G less as a fancy new Wi-Fi
and more as a private, managed, and application-
focused infrastructure built for real production needs.
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V. ICT ARCHITECTURE FOR SMART
INDUSTRIES

There are three main types of 5G services that really
matter for industry. Enhanced Mobile Broadband
(eMBB) lets you handle things like video inspections,
big file transfers, and AR/VR guidance—basically,
anything that chews through a lot of data. Massive
Machine-Type Communication (mMTC) connects
huge numbers of low-power devices, like sensors and
meters, making it perfect for environments loaded
with hardware. Then there’s Ultra-Reliable Low-
Latency Communication (URLLC), which is all
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about quick, dependable connections for closed-loop
control, remote operations, safety coordination, and
automation that can’t afford delays.

When you look at smart industry, 5G isn't just about
blazing speed. It’s about mixing these service types
in a single, programmable system that can handle
whatever the job throws at it.

Another big advantage is private 5G networks.
Setting up your own private network gives you power
over coverage, security, which devices get in, traffic
priorities, and how your data is handled right on site.
That’s a game-changer for factories and industrial
settings, where keeping things fast, secure, and local
often matters way more than connecting to the wider
world. These days, the standards and most expert
advice treat industrial 5G less as a fancy new Wi-Fi
and more as a private, managed, and application-
focused infrastructure built for real production needs.

VL MAIJOR USE CASES

Smart industries rely on 5G for all kinds of tasks that
keep things running smoothly. Take mobile robotics
and automated guided vehicles—these machines need
wireless mobility and fast coordination, and 5G
makes that happen. When it comes to remote
inspections or machine vision, quick data transfer and
high-throughput uplinks are essential, and 5G
delivers that, too. For predictive maintenance, you’ve
got sensors scattered throughout a site feeding info to
edge analytics, spotting trouble before anything
breaks down. And with AR-assisted maintenance or
remote expert help, technicians get real-time video
and lightning-fast feedback to solve problems right
then and there.In process industries, 5G is a game-
changer for monitoring assets, keeping workers safe,
and letting operations run flexibly even across
massive manufacturing sites.

Another big deal is industrial control in factories
where production setups keep changing. As the range
of products grows, factories need to rearrange
production cells on the fly. 5G lets them do it without
being tied down by fixed cables—it’s all dynamic, so
any asset can jump onto the network as needed.
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Digital twin tech also gets a boost. With constant
streams of data from machines, robots, and logistics,
live models become way more useful, simulating
production decisions as they happen. Here, the ICT
infrastructure isn’t just keeping track of what’s
happening in the plant—it’s right in the middle of the
action, making decisions as part of the production
loop.

SG-ENABLED SMART INDUSTRY ECOSYSTEM
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VIIL SECURITY AND TRUST

Security is a big reason why industrial adoption tends
to crawl instead of run. In a smart industry setup, you
have to protect everything—devices, users, apps, and
all the data that moves through the process, all at
once. Industrial 5G raises the stakes, too. You’ve got
wireless access points, scattered edge servers, cloud
APIs, and old-school OT equipment—everything
comes together in one big system. That makes trust
complicated. So things like managing identities,
encrypting traffic, authenticating devices, patching,
segmenting the network, and monitoring can’t be
tackled as separate to-do items. They all need to fit
together as one security model.

The upside? 5G actually helps bolster security if you
set it up right. Private networks keep a lot of the
traffic off the public Internet. Network slicing lets
you separate your most important stuff from routine
workloads. Centralized controls give you a better
handle on what’s happening, and handling data
locally means you don’t have to send sensitive info
outside the plant. Still, even the best security features
don’t wipe risk off the table. Mistakes in setup,
hanging on to outdated gear, sloppy device
management, and weak links in the supply chain still
raise red flags.
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VIIL. DEPLOYMENT MODELS AND
ECONOMIC FACTORS

Industrial 5G usually rolls out in three main ways:
fully private networks, hybrid setups with both local
and public parts, and operator-managed non-public
networks. The best fit depends on things like how big
the plant is, how strict the security needs to be, how
many devices are involved, what spectrum’s
available, and local regulations. Private networks
make sense for factories and campuses because they
give you tight control over performance and policy.
But for logistics yards or companies spread across
several sites, hybrid models are often a better bet
since you need both local and wider coverage.

Most companies don’t just look at connectivity—
they’re after more flexibility in how they run things.
They’ll invest in 5G if it means less downtime, faster
changeovers, better use of equipment, or new
services like remote maintenance. There’s real value
in getting better data and optimizing processes, too.
Still, the costs add up—spectrum, network gear,
device certification, integration, cybersecurity, and
keeping everything running. That’s why a lot of
organizations start small with one clear use case.
Once they prove it works, then they think bigger.

IX. CHALLENGES AND LIMITATIONS

5G looks promising, but it’s not without its
headaches. In industrial settings, metal walls,
constant movement, and rough electromagnetic
environments make it tricky to get consistent
coverage. On top of that, industries often need more
reliable connections than what regular telecom
networks offer. Connecting 5G to older machinery is
another sore spot—much of the existing equipment
can’t just plug into 5G overnight.

Then there’s the people side. Rolling out smart
industry projects isn’t just a tech upgrade; you need
network engineers, operational tech experts,
cybersecurity pros, data specialists, and app
developers all working together. If no one’s clear on
who does what, even the best tech won’t get you far.
And let’s be real—there’s a lot of hype around what
5G can do. It’s an important tool, sure, but getting
real results still depends on smart processes, good
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data, and solid operations, not just fancy wireless
tech.

X. FUTURE DIRECTIONS

Looking ahead, the next wave of smart industry is
going to be driven by 5G-Advanced, smarter and
more robust private networks, tighter links with Al,
and better ways to handle time-sensitive traffic. As
edge computing gets stronger, factories will start
processing data and running controls right at the
machines—cutting latency and boosting resilience.
Digital twins won’t just paint a picture anymore;
they’ll become real-time operational tools, constantly
updated by data from both wireless and wired
devices. That changes ICT infrastructure from a
passive communications backbone to something that
actually shapes operations on the fly.

We’re also heading toward bigger cross-domain
integration. Everything—from smart factories to
ports, warchouses, energy systems, and entire supply
chains—is starting to mesh into one connected
ecosystem. Industrial 5G has to do more than just
power local production; it needs to make safe,
reliable exchanges possible between suppliers,
customers, logistics, and anyone else involved.
Standardization isn’t going anywhere—if anything, it
matters more, ensuring things like interoperability,
security, and lifecycle management stay rock solid.
The stand-out successes will be the companies using
5G as a key piece of a bigger, standards-driven
industrial ICT framework.

XI. CONCLUSION

5G’s real strength isn’t just about faster wireless—
it’s what happens when you drop it into a full-scale
ICT setup. Factories and industrial sites need a lot
more than quick connections. They demand
communication they can count on, their own private
networks, edge computing, tight security, and tech
that handles both old and new systems. Put all those
together, and 5G starts to deliver: better movement,
sharper efficiency, and real-time visibility and
control.

Look, smart industry isn’t just another chapter in the
telecom saga. It’s about pulling a dozen pieces
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together—wireless, industrial  protocols, cloud
services, cybersecurity, and how everything’s
managed. It’s a huge integration challenge. Where
things go from here depends on standards, hands-on
testing, and smart choices about how and where to
roll out the tech. As 5G gets more powerful—
especially once 5G-Advanced hits its stride—mixing
communication and automation will become a
standard way to build new industrial setups. That’s
where the future’s headed.

FUTURISTIC SMART FACTORY ECOSYSTEM with AL EDGE, 5G-ADVANCED, and DIGITAL TWINS
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XII. SUSTAINABILITY, SAFETY, AND
WORKFORCE IMPACT

When people talk about smart industry, speed and
automation usually take center stage. But let’s not
forget about sustainability. With a good 5G and ICT
stack, factories can cut out extra cabling, stay on top
of maintenance before things break down, reduce
downtime, and use assets more efficiently. It’s easier
to spot where machines or logistics are wasting
energy or materials, which means less waste overall.
In process plants, smarter sensors and controls let
operators react faster when something goes wrong, so
they waste less material and manage resources better.
Safety gets a big boost, too. Wireless mobility lets
workers keep their distance from dangerous spots
while still seeing live video, using remote controls, or
checking diagnostics. Wearables and location-based
tech help workers know exactly what’s going on
around them, especially in large or busy plants. But
none of these safety gains happen by accident. You
need to validate every system carefully—just because
the network is fast doesn’t mean it’s safe. The
workflow, how people interact with the system, and
built-in failsafes all need to work together.

Now, the workforce. People sometimes worry that
smart factories will make human skills less
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important, but that's not really the case. 5G and smart
tools mostly change the kinds of skills needed.
Workers need to get comfortable with digital tools,
networked machines, dashboards, and cybersecurity.
Engineers need to break down the old barriers
between telecom, IT, and OT—they have to
understand all three. In the end, 5G isn’t just about
automating everything; it’s also about building teams
that are more connected and responsive to whatever
the industry throws at them.

X1IIL RESEARCH GAPS AND FUTURE WORK

Even with all the recent progress, there are still some
big research  gaps.  Deterministic =~ wireless
performance is a tough one, especially in rough
industrial environments. Then there’s the challenge
of multi-site orchestration—companies want to run
the same policy and management models across all
their factories, warchouses, and logistics centers, but
that’s easier said than done. And when it comes to
proving real industrial reliability, standard telecom
metrics just don’t cut it. Looking ahead, there’s a lot
to do—especially when it comes to bringing Al right
into the fabric of the network and blending it with
digital twins. As factories start to lean on edge Al,
the network itself becomes a player in the decision-
making loop. That opens doors for things like smarter
scheduling, adaptable quality of service, catching
anomalies early, and self-tuning maintenance. The
best future systems won't just link up machines—
they’ll tie together production, data analysis, and
control in one seamless, coordinated chain. That’s the
real promise on the horizon.

XIV. EVALUATION METRICS AND KPI
FRAMEWORK

If you want a smart industry program to succeed, you
can't just rely on telecom KPIs—those numbers like
latency, throughput, and signal strength only paint
half the picture. Sure, they're important, but you
really need to keep an eye on production uptime,
mean time to repair, asset utilization, handover
stability, reconfiguration time, energy usage, defect
rate, and any safety incidents. These metrics actually
show whether your new network is helping your
business, not just whether the radio layer works.
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It’s crucial to separate “technical success” from
“operational success.” A network might hit its
latency goals, but if operators don’t trust it or it
doesn’t integrate smoothly with your MES and
control systems, the project falls flat. That’s why,
when you’re building your KPI framework, you need
both machine-level indicators and things that matter
to people—workflow efficiency, troubleshooting
ease, and time saved through remote support. Smart
industry only works when both the tech and the
people benefit together.

So, before you roll anything out, start with a baseline.
Document how things perform now along with all the
pain points. After deployment, measure the same
stuff in similar conditions. If you see
improvements—Iless downtime, better mobility,
faster inspections, quicker maintenance—that makes
the value of your 5G and ICT investment much easier
to justify. Plus, going this route keeps expectations
realistic and helps you decide when and how to scale

up.

XV. SUGGESTED DESIGN PRINCIPLES FOR

REAL DEPLOYMENTS

Start with the use case, not the technology. If you’re
running a factory, you don’t need 5G everywhere
right away — just where wireless mobility,
reliability, or device overload actually cause
problems. Focusing on real needs saves money and
keeps your system tuned to what matters. Plus, it
helps you decide whether private, hybrid, or operator-
managed networks make sense.

Next, build everything so it stays modular. The
access, edge, analytics, and governance layers should
each stand alone, so you can upgrade one without
messing up everything else. Especially in factories,
where machines last for ages and standards shift,
modular systems make it easy to bring in new
analytics, add devices, or tweak policies, all without a
full overhaul.

Finally, there’s got to be a safe backup. If a wireless
connection drops or a service goes down, the system
should fail gracefully — whether that means keeping
wired controls, adding local buffers, or setting up
redundant links. The goal isn’t to fear new tech, but
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to make it reliable. Smart industries know digital
agility works best when paired with practical

safeguards.

Table 1. Mapping Smart Industry Requirements to

5G and ICT Capabilities

Industrial 5G /ICT capability | Typical benefit

requirement

Low-latency URLLC, edge Faster closed-loop

control computing, TSN control and safer
support remote operation

Massive mMTC and Large sensor

sensing scalable device populations with
management manageable

overhead

Mobile Wireless mobility, AGVs, robots, and

equipment private 5G, mobile assets stay
seamless handover | connected

High data eMBB, uplink Video inspection

volume optimization, local | and machine vision
edge analytics at scale

Security and Private network, Controlled

sovereignty slicing, encryption, | industrial data
policy control handling
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