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3Introduction

5G technology is here—and changing how factories operate. Across 
manufacturing, more is being expected from factories, especially regarding 
efficiency, productivity, and cost-saving technologies. Today, in contrast to just 
a few years ago, smart factories are delivering faster, cheaper, safer, and more 
sustainable outcomes. How? They’re embracing innovations in automation, 
digitization, and evolving customer demands. All because of 5G.

The time is now for manufacturers to explore change. In fact, a recent study 
forecasts that the impact of 5G networking to U.S. manufacturing gross domestic 
product could reach $400 to $650 billion by 2030.1 However, currently, more 
than 50% of manufacturers have not begun or are just beginning to experiment 
with connected technologies.2 That needs to change. 

1 https://www.mckinsey.com/industries/technology-media-and-telecommunications/our-insights/connected-world-an-evolution-in-connectivity-beyond-the-5g-revolution
2 https://www.pwc.com/us/en/industries/industrial-products/library/4ir-manufacturing-survey.html
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Welcome To The 5G Era In Manufacturing, 
Where The Expectations And Physical 
Processes Of Yesterday Are Being Rapidly 
Impacted By Advances In Digital Technologies 
And Solutions.

https://www.mckinsey.com/industries/technology-media-and-telecommunications/our-insights/connected-world-an-evolution-in-connectivity-beyond-the-5g-revolution
https://www.pwc.com/us/en/industries/industrial-products/library/4ir-manufacturing-survey.html
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Next-Generation Networks 
Wi-Fi and 4G/LTE mobile networks brought high-speed 
connectivity to more people and industries than ever 
before. While some solutions can be deployed on 4G LTE, 
5G will enable a wholesale adoption of cellular networks 
that will define the next phase of digital transformation in 
the factory environment. 

5G connectivity is essential to orchestrating various 
elements together, from sensors to control systems to 
data and analytics, providing manufacturers new levels of 
efficiency and productivity not possible with 4G. Advanced 
robotics, for instance, need reliable, high-speed, ultra-low-
latency wireless service to support, optimize, or adjust 
processes in real time—like continuously tracking pallets 
of goods moving from factories to shipping containers, 
trucks, and distribution warehouses.

While 4G can maintain the connectivity of assets that 
travel across wide distances in factories and provide 
security with built-in encryption, 5G enables greater, real-
time data and video transparency across these operations. 
By deploying a broad array of new and emerging 
applications and devices that provide better visibility into 
the manufacturing process, manufacturers can better 
identify, implement, and maintain cost-saving efficiencies.
 

Understanding 5G Innovation  

Wireless Networks Have Come A  
Long Way: 

 • 2G networks delivered massive mobile  
  voice communication

 • 3G introduced cellular data communications

 • 4G networks brought mobile streaming of  
  rich content

 • 5G connectivity unleashes new levels of speed,  
  efficiency, and performance

With 5G, manufacturers can increase utilization, reduce 
waste, build more innovative business models, and 
improve worker safety. Robust, real-time connectivity 
means manufacturing facilities will be dynamic and 
flexible, not static. For example, a growing number of 
factories are using technologies like computer vision to 
monitor the assembly processes, detect defects, and 
monitor equipment and environments. 5G’s ultra-low 
latency allows manufacturers to seamlessly connect 
individual assembly lines or multiple plants and  
modernize employee productivity and safety protocols.

           High data volumes 
will enable augmented 
and virtual reality to be 
delivered over mobile 
networks, usher in 8K 
video capabilities, and 
replace fixed broadband, 
meaning more objects 
can be connected in 
more places. Low latency 
enables mission-critical 
applications. 

“

”—  The Manufacturing Institute3

3 https://www.themanufacturinginstitute.org/wp-content/up-
loads/2021/03/Manufacturing-Institute-5G-study.pdf 

https://www.themanufacturinginstitute.org/wp-content/uploads/2021/03/Manufacturing-Institute-5G-study.pdf
https://www.themanufacturinginstitute.org/wp-content/uploads/2021/03/Manufacturing-Institute-5G-study.pdf


5Introduction

Transforming Manufacturing With 5G-Powered Use Cases   
Today, manufacturers are using 5G-enabled technologies to process and analyze more data than ever 
before. With more access points, devices, and automation, the manufacturing environment is changing. 
5G provides access across the digital thread for more seamless product lifecycle management. 

As technology advances and 5G continues to mature, exciting new use cases will emerge and scale. 
Already, AI and machine learning (ML), predictive analytics, robots, drones, digital twins, extended reality 
(XR), and more are transforming manufacturing―from design to production to customer experience.

A 5G network combines speed, reach, high-capacity infrastructure, and in-building coverage installation 
capabilities. Factories benefit from real-time communications between machines; greater bandwidth 
and support for higher device density; insights from granular traffic analytics; advanced security; mobile 
edge computing; and more.

1   Increased Efficiencies

2  Optimized Systems  

3  Improved Productivity And Safety

Here’s What 5G 
Makes Possible In 
Manufacturing—

And
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5G Speeds And The Ability To Transmit Large Amounts 
Of Data Can Support Technologies That Efficiently 
Manage Production, Power Autonomous Vehicles And 
Robots, And Monitor Events Across Supply Chains. 

With a greater use of data and automation, factories have an opportunity to 
significantly increase efficiency. 

AI-based computer vision-enabled cameras can spot manufacturing issues 
like defects―including those not visible to the human eye―to automate 
quality control and enable managers to track and inspect products remotely 
with higher efficiency. Augmented reality (AR) and virtual reality (VR) 
devices and apps are now commonplace because of available high-speed 
and low-latency 5G wireless.

Increased Efficiencies
Manufacturers Need To Increase The 
Efficiency Of Factories, Personnel, And 
Supply Chains With Advanced Technologies 
And Data Insights.
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4 https://www.techrepublic.com/article/91-of-businesses-already-using-or-planning-to-adopt-ar-or-vr-technology/  
5 https://www.pwc.com/id/en/media-centre/press-release/2020/english/virtual-and-augmented-reality-could-deliver-a-p1-4trillion-boost.html 

For example, work instructions delivered using AR are enabling on-
the-job insights for deskless workers. This empowers previously 
inexperienced operatives, reduces learning ramp-up times, and allows 
individuals to be productive far more quickly than with traditional training 
methods. Twenty-nine percent of companies in one survey said they were 
realizing more than a 25% increase in production efficiency by using AR 
and VR.4 A recent PricewaterhouseCoopers report estimated that 23 
million jobs will use AR and VR by 2030.5   

Supply chain insights from 5G-connected machines and sensors now 
allow manufacturers to monitor events across their supply chains and 
assets such as trucks, shipping containers, and individual products. Data 
analysis can improve logistics efficiency. 5G also enables autonomous 
guided vehicles (AGVs) to move materials in factories and warehouses 
and robots and collaborative robots (cobots) that interact directly 
with humans in a shared space—all powered by 5G wireless that helps 
increase productivity, automate processes, and reduce human error.

https://www.techrepublic.com/article/91-of-businesses-already-using-or-planning-to-adopt-ar-or-vr-technology/
https://www.pwc.com/id/en/media-centre/press-release/2020/english/virtual-and-augmented-reality-could-deliver-a-p1-4trillion-boost.html


8Increased  
Efficiencies

AGVs And Robots, Which Require High Bandwidth, 
Low Latency, And Vast Amounts Of Data, Will Be 
Supercharged By 5G To Further Increase Efficiencies.    
 
Machines, automation, and large volumes of real-time data transmitted through 
5G will define the smart factory of the future and could add between $1.5 
trillion to $2.2 trillion to the global economy per year by 2023.6

With highly digitalized and connected environments, robots, machines, and 
devices are able to self-heal and run operations autonomously. The ability to 
automate repetitive, labor-intensive, and potentially dangerous tasks decreases 
human error as well as accidents. It also surfaces more opportunities for 
workers to focus on other priority tasks in the manufacturing environment. 

For AGVs, 5G offers increased range through use of low-band and mid-band 
spectrum. Low-band has long waves that can travel hundreds of square miles 
and are not affected by obstacles like buildings while mid-band spectrum 
balances performance and range. In the future, AGVs can use a combination 
of these 5G bands to travel beyond warehouses and factories and across 
campuses to other buildings and outside areas to perform tasks.

6 https://www.cnbc.com/2019/11/12/smart-factories-could-contribute-2point2-trillion-to-global-economy.html 

https://www.cnbc.com/2019/11/12/smart-factories-could-contribute-2point2-trillion-to-global-economy.html
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In the next few years, 5G, with its increasingly lower latency, 
will support time-critical processes that require network 
reliability and industrial-grade performance.

5G will also accelerate use of digital twins―virtual 
representations of physical objects or systems―in 
manufacturing. The technology requires vast amounts 
of data from equipment and applications. Digital twins 
can help smart factories predict and understand how 
to use their infrastructure in the most efficient way 
possible and how to integrate other technologies to create 
additional value. Digital twins can be created for products, 
workspaces, assembly lines, equipment, and entire factories 
to help manufacturers test, experiment, plan, design, 
simulate, and construct buildings and infrastructure. 

5G provides manufacturers with the capacity to integrate 
assets, both physical and virtual, for improved flexibility 
while also serving to keep costs in line. Since the virtual  
re-creation is conducted remotely off-site, this allows for 
safe training using VR equipment.

7 https://www.techrepublic.com/article/manufacturing-to-dominate-nearly-25-of-5g-use-cases-by-2028/ 

 ̶ ABI Research7

              The capacity to establish a massive wireless 
sensor network or implement AR/VR applications 
for predictive monitoring makes 5G’s wireless 
connectivity capabilities a perfect technological  
fit for growth in manufacturing. 

“
”

https://www.techrepublic.com/article/manufacturing-to-dominate-nearly-25-of-5g-use-cases-by-2028/
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Defects And Material Waste Can Be Reduced, And 
More Stringent Security Enforced With High-Speed 
5G Connectivity.
In manufacturing, measurement is a vital tool used to streamline 
processes and cut down on wasted resources, materials, and greenhouse 
gas emissions. An entire supply chain can be optimized with the use of 
5G-connected IoT devices to monitor events and assets and collect and 
analyze data. Streamlined manufacturing processes that use just-in-time 
inventory business models can benefit from data and information from 
logistics tracking, smart biometrics, and smart meters.

Optimized Systems
With 5G-Connected IoT Devices, Software, 
And Edge Networking, Manufacturers Can 
Use Real-Time Data To Reduce Waste, 
Optimize Processes, Identify Deviations, 
And Strengthen Security.  
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Edge computing using 5G allows manufacturers to aggregate and 
analyze data in the factory instead of sending it all to a cloud-based 
system and incurring high-bandwidth costs. Thousands of devices and 
machines are already using Multi-Access Edge Computing (MEC) to 
conduct data analytics on-premises and 5G to further performance.

Security and surveillance are more important than ever with an 
extended IoT attack surface. The speed and ultra-low latency of 5G 
connectivity enables a host of data-intensive security features, from 
authentication to surveillance cameras and visual analytics software. 
IoT devices in factories and warehouses can monitor security metrics in 
real time and alert personnel if anomalies occur. 

           5G is a critical enterprise tool 
to accelerate digital transformation 
across industries, particularly in their 
supply chain management initiatives. 
It can help enterprises achieve better 
visibility across their supply chain and 
leverage a single source of truth. 

“

”—  Forbes 8

8 https://www.forbes.com/sites/forbestechcouncil/2020/10/22/how-will-5g-shape-the-next-
generation-of-supply-chains/?sh=369409484211

https://www.forbes.com/sites/forbestechcouncil/2020/10/22/how-will-5g-shape-the-next-generation-of-supply-chains/?sh=369409484211
https://www.forbes.com/sites/forbestechcouncil/2020/10/22/how-will-5g-shape-the-next-generation-of-supply-chains/?sh=369409484211
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Using AI and ML in the data-rich environment of future smart 
factories will generate new and better products, improve 
efficiency, and contribute to the development of new processes 
and service lines (e.g., drone delivery, 3D holograms to 
demonstrate products). Thanks to the continuous monitoring 
of products and collection of data through the manufacturing 
cycle and the use of inexpensive IoT sensors and 5G SKU 
tagging and tracking, manufacturers will greatly enhance their 
end-to-end visibility into every product to reduce theft and 
enhance traceability. 

As 5G Matures, Manufacturing Environments 
Will Become More Efficient And Less Wasteful 
With Product-Level Tagging And Tracking, 
Predictive Analytics, And Computer Vision. 
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Predictive analytics will be more commonplace, enabling 
manufacturers to forecast demand for spare parts and 
monitor equipment to prevent failures. Sensors can be 
installed on machines to monitor their status. Alerts 
can be enabled if problems are detected or if routine 
maintenance is coming due. 5G connectivity allows for 
constant status updates to plant managers, allowing 
them to react more quickly to changing conditions in the 
manufacturing environment.  

Computer vision, also called machine vision, is a 
powerful, advanced application. It allows computers to 
interpret and understand digital images such as photos 
and video. In manufacturing, it has a variety of uses. 
With video feeds from the factory floor, it can be used to 
conduct defect detection of both the equipment and the 
end product, which can save on costly scrap or rework. 
Computer vision can also be used to perform visual 
monitoring to validate that a production process was 
properly followed and to inspect the end product. Other 
uses of computer vision include precision die-cutting, 
barcode analysis, inventory management, and support for 
maintaining safety and packaging standards.

The High Cost Of Unplanned Downtime 

Unplanned downtime costs industrial manufacturers an estimated 
$50 billion annually. Equipment failure is the cause of 42% of this 
unplanned downtime.9 

9 https://partners.wsj.com/emerson/unlocking-performance/ 
how-manufacturers-can-achieve-top-quartile-performance/

https://partners.wsj.com/emerson/unlocking-performance/how-manufacturers-can-achieve-top-quartile-performance/
https://partners.wsj.com/emerson/unlocking-performance/how-manufacturers-can-achieve-top-quartile-performance/
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XR is the collective name for technologies like AR, VR, and mixed reality that provide virtual 
worlds or blend real and virtual worlds using digital technology. AR has enormous potential 
within manufacturing. In factories, AR can be used to instruct workers how products should 
be assembled, providing best practices for every step in the build process.10 Information about 
machinery can be presented spatially in new ways for maintenance, repair, and training.

Real-time instructions delivered over 5G allows workers to undertake corrective action under 
the direct supervision of a remote subject matter expert. The best knowledge and work 
instructions can be shared with all workers exactly when they need it, building worker skills 
more quickly, safely, and effectively than ever before and delivering higher productivity for  
the manufacturer.

With 5G, Manufacturers Have The Opportunity To Make Factories 
More Productive And Working Environments Safer.  

Improved Productivity And Safety 
Available Technologies―Including Smart Robots,  
Real-Time Alerts, Geofencing, And Automated Security 
Features―Use 5G To Effectively Increase Productivity 
While Providing Greater Safety For Workers.

10 https://www.mckinsey.com/business-functions/operations/our-insights/operations-blog/five-ways-that-5g-will-revolutionize-manufacturing

https://www.mckinsey.com/business-functions/operations/our-insights/operations-blog/five-ways-that-5g-will-revolutionize-manufacturing
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As for increasing worker safety, 5G helps create transparency across activities and operations 
and can stream that data to the cloud in real time. Then, by using live video analytics, for 
example, plant managers can identify imminent threats or danger to employees and can 
dispatch workers—or even drones—to investigate or mitigate the situation. 

Geofencing is another innovative technology that can enhance safety in factories. These digital 
fences use data to demarcate a specific physical area and enable mobile push notifications, 
text messages, and alerts. With 5G’s fast speeds and ultra-low latency, geofencing can deliver 
constant data on equipment, people, and logistics. Moving from 4G LTE to 5G, geofences can 
be more precise with more sensors in more places, including wearables, and be able to process 
and alert managers in real time if a worker has an accident, if unsafe conditions occur, or if 
personnel enter dangerous areas.

Yet another 5G-enabled technology that can assist in improving safety is AGVs, which can take 
over risky tasks such as moving heavy pallets, products, and equipment in warehouses and on 
factory floors.

11 https://www.washingtonpost.com/brand-studio/wp/2021/07/19/feature/inside-the-smart-factory-revolution/

           With wireless sensing and positioning, 
we can identify a worker’s location and quickly 
alert them through a wearable device if he or 
she is close to a danger zone. 

“
”—   The Washington Post 11

https://www.washingtonpost.com/brand-studio/wp/2021/07/19/feature/inside-the-smart-factory-revolution/
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In the smart factory, AI-enabled robots connected to massive computing power and 
intelligence in the cloud will be able to interact more independently to handle a greater 
number of tasks. This will further enhance safety, especially when dangerous machinery, 
chemicals, or high temperatures are involved in the manufacturing process. 

Since 5G can more easily separate traffic and is less prone to load constraints, it is 
less susceptible to interference and can help provide a higher quality of service and 
improved reliability. The high reliability and resiliency of 5G supports real-time alarms and 
notifications, and 5G’s density supports the use of more sensors. Robots that currently 
use wired networks for a variety of tasks to supplement and support human workers can 
also benefit from 5G by performing more functions more efficiently and without cables.

While remote monitoring with high-definition (HD) video is available in factories now, 5G 
will enable more HD video streams from more fixed cameras and drones to ensure the 
security of facilities or monitor for any signs of disruption or failure, particularly when 
paired with a computer vision system that can analyze this video and detect aberrations 
or dangerous situations.  
 

More Mature 5G Manufacturing Environments Will Use Robotics, 
AI, AGVs, And Machine Learning For More Stringent Factory 
Safety Through Continuous Monitoring.    



17Improved Productivity  
And Safety

Smart HD video analytics today works with 4G devices, but 5G 
will support the increasing density of cameras, providing the 
uplink bandwidth and quality of service that 4K and 8K video 
require. 5G will also provide real-time insights from analytics 
that use the most advanced AI, ML, and cloud technologies. 

With 5G speed and ultra-low latency, smart video analytics can 
be delivered in real time as edge networking and cloud-based 
solutions. With this technology, operators won’t need to be on 
the factory floor. Remotely, they will be able to easily locate 
and manage assets, gain actionable insights in real time, and 
configure machinery to optimize safety, efficiency, and quality. 
 

12 https://www.themanufacturinginstitute.org/wp-content/uploads/2021/03/
Manufacturing-Institute-5G-study.pdf

91% of manufacturers believe 5G 
connectivity will be important to the 
overall future of their business.12 

https://www.themanufacturinginstitute.org/wp-content/uploads/2021/03/Manufacturing-Institute-5G-study.pdf
https://www.themanufacturinginstitute.org/wp-content/uploads/2021/03/Manufacturing-Institute-5G-study.pdf
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Time and technology are changing the manufacturing industry. Increasing 
customer demands and expectations are transforming how manufacturers 
optimize efficiency and productivity in factories. 5G has emerged as a 
competitive differentiator that provides a clear advantage to manufacturers  
that adopt the technology early. Manufacturers can start slowly by deploying 
and testing solutions relevant to their business. 

The availability of 5G-enabled enterprise-level equipment and devices is 
expected to grow, enabling manufacturers to take full advantage of 5G. 
Choosing the right partner is a vital first step. 

At T-Mobile for Business, we begin by listening to the challenges your company 
is trying to solve in detail, from connectivity issues to identifying critical business 
use cases. Then, we assess how specific 5G use cases that drive efficiency, 
growth, and productivity―while reducing operational costs―can address those 
challenges and help you meet your business goals. This experience has helped 
us build solutions tailored to the manufacturing industry while pushing the 
envelope on industry-wide 5G innovation to meet changing expectations.

T-Mobile is America's Largest 5G network & Fastest median, overall combined 5G speeds according to analysis by Ookla® of Speedtest Intelligence® data 5G 
download speeds for Q4 2021. Capable device required; coverage not available in some areas. Some uses may require a certain plan or feature; see T-Mobile.com.

T-Mobile For Business:  
Innovation Through Partnership
Forging Ahead With America’s Largest  
And Fastest 5G Network.

https://www.t-mobile.com/


Ready To Find Out How T-Mobile For Business Can 
Support Your Manufacturing Organization’s Goals?   
Learn More Today. 

https://www.t-mobile.com/business/5g/5g-hq/industry/manufacturing
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