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INTRODUCTION
We have reached a pivotal moment in the digital transformation of global business. 
Ambitious enterprises sit on the cusp of significant change as technological advances 
and global circumstances converge to create a perfect storm of opportunity. 

Around the world, spectrum is being released that allows organizations to create 
private 5G networks. The powerful use cases they enable promise to deliver huge 
business advantage.

Our view? Now is the time to seize the benefits of this new 
connectivity. The pandemic has shown that those who deployed 
IT and wireless innovation were more efficient, adapted more 
rapidly to market turmoil and displayed greater resilience 
in the face of change. The lesson learned was not to step 
back, but to press forward. Meanwhile, mindsets have shifted 
radically as changes in consumer habits, a resounding uptick 
in automation and ever-pressing environmental concerns 
continue to rewrite the rules of business engagement.

So, where to start if you are an enterprise, or perhaps a 
carrier or technology supplier, considering the deployment of 
a private 5G network as the foundation stone of your digital 
transformation? This whitepaper has been written as a practical 
guide to the many challenges of successful implementation – 
and crucial customization – that can maximize your ROI and 
create valuable competitive differentiation.

Typically, wireless industrial network solutions have relied on 
Wi-Fi and provided the necessary quality of service through 
massive over-provisioning of capacity. This approach can’t 
hope to meet the demands of truly transformative digital 
industrial applications. The initial consideration of LTE or 5G 
is to overcome the limitations of Wi-Fi. But going forward, the 
emphasis will be on the superior levels of service delivered 
to higher densities of connected devices with lower latency, 
improved coverage and superior interference tolerance. It is 
these that will unlock advanced applications.

With their broad range of capabilities, 5G cellular networks 
have the potential to replace many different networks, with 
a single proven, global standard. And although 5G has many 
capabilities, specific high-performance applications demand 
much more than a plug-and-play approach. Significant 
customizations are required – along with the application of 
highly complex features – to ensure that those advanced 
applications, with different quality of service requirements, 
can be supported.

Which spectrum do you use? Do you own and operate your 
own network? Considerations around such questions are many 
faceted. While an off-the-shelf 5G system will provide useful 
building blocks, concerns around data ownership and liability 
for breaches – not to mention the quality of the coverage and 
services – all need to be taken into account.

Further deliberations are necessary around the number of 
devices/mobile clients to be carried on the network and their 
density per square meter. Understanding the application’s 
requirements – to achieve the optimum use of the available 
cloud, edge, device and connectivity infrastructure with 
their differing latency and cost characteristics – is another 
important factor in deciding on an appropriate way to proceed. 

Against this background, many enterprises have begun to 
explore – and even start rolling out – private 5G networks as 
spectrum is released around the world, including in the United 
States, United Kingdom, Japan and Germany. Suddenly, a 
variety of transformational opportunities are within reach, 
from real-time smart grid monitoring and control for utilities 
to the automation of warehouses, predicative maintenance for 
manufacturing and much more besides.

Building a successful private 5G network requires a carefully 
planned strategic approach with accurate technical input from 
appropriate experts. Like any other business planning activity, 
there are complexities and risks which need to be addressed. 
We advocate an objective review at the outset to get to grips 
with the various trade-offs and ensure the installation achieves 
optimum ROI. Although many vendors will offer an off-the-
shelf system to compete with the simplicity of Wi-Fi, the 
importance of customization throughout the network shouldn’t 
be underestimated. This is a theme we’ll be returning to 
throughout the paper.
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5G brought forward new use cases which covered both the 
existing smartphone applications and industrial use cases:

 � Enhanced mobile broadband (eMBB)
– High speed smartphone-like connectivity

 � Massive machine-type communications (mMTC)
– Very large numbers of IoT devices

 � Ultra-reliable low-latency communications (URLLC)
– Automation and control of industrial type systems

eMBB

URLLC mMTC

Enhanced 
Mobile Broadband

Ultra-Reliable
Low-Latency Communications

Massive Machine-Type
Communications

1  MOBILITY HELPS INDUSTRY WORK SMARTER 
NOT HARDER 

Connectivity has transformed the way we live and work. 
Smartphones have revolutionized entertainment and 
ecommerce, while The World Economic Forum’s Global 
Lighthouse Network factories1 are shining lights in advanced 
manufacturing and leading the way in the adoption of Fourth 
Industrial Revolution technologies.

But all this is only a fraction of the potential that resides 
within industrial applications. The promise of reliable, low-
latency cellular communication to drive greater levels of 
automation and resilience is yet to be realized more broadly. 

The reason cellular technology has not reached its potential 
in industry is simple. Standards before 5G only considered 
a single use case, namely mobile broadband, which was 
well suited to consumer applications on smartphones, but 
did not provide the features required for general industrial 
applications.

Along with new use cases described in figure 1, 5G has 
brought functional changes to the network, such as network 
slicing and advanced beamforming. Removing wired 
connections to machinery by adding low-cost 5G modems 
increases the flexibility of the factory as well as enabling new 
industrial mobility applications. 

Consider a crane at an international port. Previously, without 
usage data provided over wireless connectivity, maintenance 
would be performed according to a fixed schedule or when 
the crane unexpectedly breaks down. If by streaming data you 
can predict the breakdown, then a repair can be scheduled 
according to requirement and before the breakdown occurs, 
improving both equipment utilization and efficiency. 

1 www.weforum.org, (2021). Global Lighthouse Network. [online] The World Economic Forum. Available at https://bit.ly/3sWzIB0 [Accessed 16 Apr. 2021]

FIGURE 1: The 5G triangle

“Around the world, spectrum is being released that allows organizations to create 
private 5G networks. The powerful use cases they enable promise to deliver huge 
business advantage.”
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Often the stumbling block with such examples is matching the 
services provided by the mobile network operator (MNO) to 
the use case. If the service provider only supports enhanced 
mobile broadband (eMBB), but your control system application 
requires ultra-reliable low-latency communications (URLLC), 
for real-time robotic control, then the overall system won’t 
meet expectations. Current 5G service provision does not 
include either the coverage or the full set of use cases required 
for full industrial deployment. This begs the question, when 
will MNOs be able to provide the necessary infrastructure to 
achieve this? 

It’s going to be some years before a high percentage of any 
population is covered by 5G. Even when that is achieved, 
it’s difficult to see the economic case for operators to offer 
every use case. With their current revenue stream primarily 
from eMBB, it remains unclear how MNOs will justify such 
diversification into the corners of the 5G triangle, let alone 
being able to address applications that require combinations 
of the 5G use cases.

To address this, spectrum is being released which allows 
enterprises to create private 5G networks that enable their 
specific use case. For example, in the United States the FCC 
has approved the use of the Citizens Broadband Radio Service 
(CBRS) spectrum in the 3.5GHz to 3.7GHz frequency band. 
In Japan the first private 5G license was allocated in March 
20202. Germany has allocated spectrum in the 3.7GHz to 
3.8GHz band. 

Use of spectrum is the first step in enabling private 5G networks 
to be built – but building a network to your requirements is not 
for the faint hearted as there are a host of conflicting design 
trade-offs to be made. Let’s explore some of them now. 

2 www.fujitsu.com, (2020). Fujitsu Launches Japan’s First Commercial Private 5G Network. [online] Fujitsu. Available at https://bit.ly/3dZTVQn [Accessed 16 Apr. 2021] 
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2  5G IS THE FIRST STANDARD THAT CAN ENABLE 
POWERFUL INDUSTRIAL USE CASES 

Over recent decades the 3rd Generation Partnership 
Project (3GPP) ecosystem, combined with efficient global 
standardization, has achieved significant advances in 
electronics miniaturization, advanced digital signal processing, 
intuitive user interfaces and improved cellphone battery 
technology. This has driven a consumer revolution that has 
put a mobile computer of unimaginable capability in almost 
everybody’s hand. More recently, driven by mobile broadband, 
opportunities have arisen to apply off-the-shelf wireless 
technology to a variety of industrial applications.

Take ‘last mile’ parcel delivery. Equipping the driver with 
a mobile wireless device improves efficiency and enables 
new services. The company can track current position, the 
recipient can use a cloud application to track the estimated 
time of arrival, the dispatcher has sight of problems or delays 
and can reschedule accordingly. Valuable new services such 
as Amazon Prime Same Day delivery, Deliveroo fast food 
delivery and online shopping have been made possible during 
the pandemic.

However, we are yet to see a similar level of widescale disruption 
from wireless industrial systems. Many are incompatible, 
limited in range, insecure and non-interoperable. The missing 
factor is standardization. This has resulted in wireless systems 
being targeted at narrow use cases, with isolated systems 
being used for individual tasks.

Wi-Fi is the bedrock for industrial wireless connectivity, with 
quality of service in Wi-Fi networks typically being secured by 
massive overprovisioning of capacity. Unfortunately, in heavily 
overloaded networks this has led to significant levels of system 
self-interference, which in turn has undermined network 
reliability and capacity. 

In addition to Wi-Fi, cellular may be used for voice and 
productivity applications, while other proprietary systems are 
used for specific data purposes. Each system needs to be 
integrated carefully so that it does not conflict with any other 
and performs the desired function. The larger the installation 
and the greater number of devices, the more complex the 
coordination becomes. Eventually the overall system becomes 
massively expensive to manage and difficult to operate reliably.

Let’s examine the case of a manufacturing site. You may 
want to provide a voice network for communications between  
staff members, a reliable network with bandwidth for 
monitoring machinery, a safety network for building functions, 
such as fire alarms and announcements, and a reliable latency 
and deterministic network for automated command and 
control of systems. 

Traditional systems would use separate frequencies, which have 
their own coverage areas, require different and incompatible 
modems, and typically need significant maintenance and 
operational teams to support them. The ROI of each is 
significantly less than that provided by a single system. 

Industrial applications require a large range of data rates and 
latencies, not to mention other requirements such as density 
and coverage. Is it possible for a single, generic platform to 
cater for all these needs? Clearly it will require significant 
flexibility, an ability to be optimized and be capable of 
supporting several use cases simultaneously.

“While Wi-Fi is globally accepted, it has significant problems because its underlying 
architectural constraints, namely Clear Channel Assessment, and can only provide 
low latency when very lightly loaded.” 
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While Wi-Fi is globally accepted, it has significant problems 
because its underlying architectural constraints, namely Clear 
Channel Assessment, and can only provide low latency when 
very lightly loaded. LTE gets closer to what is required due to its 
superior interference management but does not have sufficient 
breadth to cover requirements of low latency applications or 
the capacity for large numbers of simultaneously connected 
devices within a cell.

5G is the first globally accepted standard that provides for 
these use cases. Its features include:

 � Multiple use cases for low latency, high density, and 
broadband applications

 � A platform for off-the-shelf mobile clients which can be 
configured to the requirements of the use case

 � Interoperability with standard smartphones and tablets

 � Enterprise-wide security which can be securely managed 
over the air using an embedded SIM

 � Resource dedicated to a specific service using  
network slicing

 � Aggregation of different radio elements, which can  
make efficient use of available spectrum

Once a decision has been made for the generic 5G platform, 
the next consideration is whether the enterprise should build 
its own private network or outsource connectivity to a public 
5G provider. The next section examines the key considerations 
that can help you make that choice.
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3  CHOOSING BETWEEN A PUBLIC OR PRIVATE  
5G NETWORK COMES DOWN TO ROI

ROI is fundamental to the choice of whether to rely on 
public 5G, or to build your own private network. The many 
considerations can only be answered with reference to your 
specific application. For example:

 � WILL A PUBLIC NETWORK PROVIDE THE COVERAGE YOU NEED? 
Clearly if the public network does not support the required 
coverage then the only option may be a private 5G 
network. As MNOs are in the early rollout of 5G, services 
will be limited and focused on eMMB. Before an MNO, or 
a managed service provider, chooses to provide coverage, 
they will want to understand the ROI on building what is 
likely to be a dedicated network for an individual enterprise

 � HOW SECURE DOES THE NETWORK NEED TO BE? Even though 
public network providers have significant experience 
and 5G technology is secure, an enterprise’s own IT 
department has historically been responsible for overall 
performance and security. IT departments must ensure 
that any third-party suppliers, with inherently larger attack 
surfaces, match the security requirements of the business

 � DO YOUR DEVICES NEED TO BE ABLE TO SEAMLESSLY ROAM ONTO THE 
PUBLIC NETWORK? This may not be possible. Depending on 
the use case, it could have a positive or negative impact 
on the ROI

 � HOW DO YOU OBTAIN THE EXPERTISE TO BUILD A PRIVATE 5G 
NETWORK? Setting up complex private 5G networks 
requires an understanding of the technology and the 
implications of decisions. If your enterprise does not have 
that expertise, independent system experts are needed 
to provide an unbiased view of the best solution for your 
business needs

 � WHAT IS THE IMPACT OF USING LICENSED OR UNLICENSED 
SPECTRUM? Unlicensed spectrum allows free access, but 
the system will have to be hardened against interference. 
A public network will have dedicated licensed spectrum 
available, and while this may have less interference than 
unlicensed spectrum, the MNO may share the spectrum 
with many other users and applications. In some areas 
it is possible for an enterprise to purchase a spectrum 
license, which gives the enterprise control of access to  
the spectrum 

 � CAN A SIMPLER TECHNOLOGY PROVIDE A BETTER ROI? Some 
simpler wireless connectivity systems, such as Wi-Fi, 
might be able to provide an effective solution. One 
consideration is the cost of the mobile client hardware. 
A 5G modem is likely to cost significantly more than 
$100. But existing mobile client hardware (which can cost 
less than $10) can be used because 5G is backwards 
compatible with previous generation mobile clients. 
Clearly, they can’t access all new features of the network, 
but typically they will perform better in a 5G network than 
they would in their original environments

Obviously, these factors will vary in each individual case. 
The total number of mobile clients, density and the use 
cases are important factors in deciding on an appropriate 
way to proceed. An objective, expert review is necessary to 
understand the various trade-offs, which should include a 
review of the potential installation costs. 

“Setting up complex private 5G networks requires an understanding of the 
technology and the implications of decisions.” 
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In the next section we’ll explore what this means in the real 
world of private 5G networks. We will also focus on two terms 
when describing how a private 5G network can be enhanced 
to match the needs of your specific application. The first, 
‘configuration’, describes how the settings in an off-the-shelf 
5G solution can be configured to better match the intended 

use case. The second term is ‘customization’, which describes 
the process of reengineering a baseline 5G solution to perfectly 
match the intended use case, creating a unique solution with 
maximum ROI. 
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4  CUSTOMIZING A PRIVATE 5G NETWORK  
REMOVES THE NEED TO COMPROMISE AND  
OFFERS COMPETITIVE ADVANTAGE

The vision is that you can take an off-the-shelf private 
5G network and perform simple configuration to broadly 
meet the requirements of any combination of applications. 
Unfortunately, it’s not that simple. 5G is a complex technology 
with many capabilities and expert customization is necessary 
to maximize its performance for your specific applications.

Vendor systems are typically limited to the 5G triangle corners. 
As each enterprise and industrial application is very different, it 
is necessary to blend 5G use cases to match your requirements. 
In doing so, existing 5G technology will be used as a foundation, 
with customizations moving the solution into the middle of the 
triangle of use cases (see figure 2). This is part of the maturing 
process for the installation of 5G and is the key to leveraging 
the benefits for the advantage of the enterprise.

One example of this is the use of a generic 5G system to 
provide the necessary performance if your application requires 
high density and very low latency at the same time. So how 
can you solve this?

1. COMPROMISE ON REQUIREMENTS AND MOVE TO EITHER HIGH 
DENSITY OR VERY LOW LATENCY. Obviously, this won’t meet the 
actual requirements and a clear, objective, assessment 
is required to ensure that the final system will support 
at least the minimum viable requirements. ROI will be 
limited by the requirements supported

2. SPLIT THE APPLICATION AND USE MORE THAN ONE CLIENT DEVICE 
TO IMPLEMENT EACH CORNER OF THE TRIANGLE. This may be 
able to support the entire requirement set, but there is 
a significant overhead in coordinating the interaction 
between the different client devices. Careful system level 
design and implementation is required to make the system 
work. The ROI is limited by the requirements which can’t 
be implemented, the significant cost of system integration 
and cost of multiple client devices

3. CUSTOMIZE THE SYSTEM TO MEET THE REQUIREMENT. A minimal 
number of areas which don’t meet the requirements are 
customized. All system requirements will be met, but 
most of the functionality is standard. The ROI is limited 
by the cost of the customization

There is a significant difference in the non-recurring 
engineering (NRE) costs between compromising (option 1) and 
customizing (option 3). And perhaps surprisingly, dedicated 
applications (option 2) may have the highest NRE costs of all, 
because the solution requires using the application layer to 
provide features which would be easier to implement within 
the radio system itself. But the lifetime ROI for a large system 
is likely to be significantly better for a customized solution as 
the performance and efficiency improvements are focused on 
the business ambition and can enable market leadership and 
new revenues. 

Once a choice has been made between a service provider or 
a private network, and the level of customization has been 
decided, the next step is how to successfully plan the network 
deployment.

FIGURE 2: 5G becomes more complex as you combine each corner 
of the triangle for a customized solution but offers valuable 
competitive differentiation

WHITEPAPERMOBILIZING PRIVATE 5G NETWORKS – A PRACTICAL GUIDE FOR MAXIMUM BUSINESS IMPACT

09



5  PLANNING A SUCCESSFUL PRIVATE 5G NETWORK 
REQUIRES CLEAR DEFINITION ON PURPOSE, 
PARAMETERS AND AVAILABILITY

Building a private 5G network requires a carefully planned 
strategic approach with accurate technical input from 
appropriate experts. Like any other business planning activity, 
this has complexities, risks and trade-offs which need to be 
considered, understood, and factored in. In this section we 
explain the key considerations.

5.1  PLANNING FUTURE USE CASES EARLY ON 
WILL DRASTICALLY REDUCE COMPLEXITY 
AND COST

While it may appear obvious that the first step is to define the 
purpose or use cases, there is often a central set of use cases 
that gives an acceptable ROI with additional, peripheral, use 
cases that get added at a later date on the incorrect assumption 
that small changes only have a minor impact. The inevitable 
interactions between different use cases can lead to an 
exponential increase in complexity. This gives poor outcomes 
and, in the worst case, can lead to a system that is impossible 
to implement because of diametrically opposite requirements.

5.2  CLEAR DEFINITION OF THROUGHPUT, 
CAPACITY, DENSITY AND LATENCY 
REQUIREMENTS WILL IMPROVE 
PERFORMANCE AND RELIABILITY

The key parameters defining the network are the amount of 
information that needs to be transferred (throughput), the 
number of devices that will need to connect to the network 
(capacity), the average number of devices per unit area 
(density) and the time it takes to communicate between parts 
of the network (latency).

We have mentioned three specific use cases in 5G but defined 
four parameters; the odd one out is capacity. However, 5G is a 
cellular system so capacity effectively just defines the number 
of cells needed, whereas the other three parameters define 
the properties of each cell. While this sounds easy (define the 
number of cells, and repeat each individual cell as many times 
as is needed) there is a hidden complexity here for mobile 
devices: how do you switch between cells?

While 5G implements standardized strategies to achieve this, 
they provide generic latency, throughput and density. Careful 
selection of an appropriate, and possibly non-standard, 
strategy implemented with specific parameters is required to 
customize the system. For example, consider a robot moving 
under automated control. For some applications it may be 
acceptable for the robot to decide which cell to attach to, 
as in a normal cellular network, whereas in others, specific 
triggers (like position) might be used to switch cell to achieve 
a safe behavior.

One other parameter that is sometimes overlooked is the 
reliability of information transfer. Thanks to the laws of 
physics, all communications systems have a less than 
100% probability of being able to transfer information. In an 
automated process, which may be safety critical, this must 
be handled transparently by the system. There are many ways 
to make the network reliable and 5G provides some standard 
features. But additional measures are likely to be required, 
and the correct choices about how and where to implement the 
reliability for specific applications have a significant impact on 
both the system performance and its reliability.

“Like any other business planning activity, this has complexities, risks and trade-offs 
which need to be considered, understood, and factored in.” 
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5.3  UNDERSTANDING THE REQUIRED 
AVAILABILITY IS KEY TO AN EFFECTIVE 
NETWORK

Finally, understanding the required availability of the network 
is critical. Normally an IT network is available during the 
working week and updates can be performed during non-
working times. But a factory or warehouse must operate year-
round with each minute of downtime measured in lost revenue. 
There is a significant difference in the capital and operational 
costs associated with the networks required for office workers 
and the networks required to support industrial processes. 
Choosing what level of availability your system needs to meet 
expectations is key to designing an effective system. 

5.4  THERE IS NO ONE SIZE FITS ALL 
APPROACH TO IMPLEMENTING A 
PRACTICAL PRIVATE 5G NETWORK

We’ve now completed a high-level overview of what the network 
needs to do and – critically – identified a set of parameters 
that can provide a clear input into the design and verification 
of the system. The next step is to get it built and operational. 

Some expect implementation to be as simple as purchasing a 
set of boxes which ‘just work’ together. Others treat this as a 
trial and error. These approaches give disappointing results, 
often with a very poor ROI. It is important that experts from 
all sides, including radio experts and network users, combine 
their overall experience to ensure that the system really does 
give the best possible ROI. This means that there is no one 
size fits all end system. While we could give some general 
guidelines, it is more instructive to examine specific examples 
to understand the customizations needed to build world class 
systems for specific market sectors.
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6  PRIVATE 5G WILL TRANSFORM DIVERSE INDUSTRIES 
6.1  UTILITY NETWORKS THAT INCREASE 

EFFICIENCY THROUGH REAL-TIME 
MONITORING AND CONTROL 

Utilities are looking at the perfect storm – their current 
communications networks are aging and being closed down, 
there are greater requirements for digital security, regulators 
and shareholders are driving for greater efficiency and 
customers are demanding quality of service, resilience and 
renewable energy generation. 

New wireless communication networks will drive many 
benefits and provide the basis to solve the key challenges, 
which in the United States is being underpinned by CBRS 
in some cases. By using a private 5G network, the control, 
optimization and end-to-end data ownership resides with the 
utility. A private 5G network will provide a communications 
network that supports the utility’s applications. They include 
operational technology with logically separate virtual networks 
(sensors and alarms), information technology assets that 
support physical security (cameras and access entry systems), 
and voice and data communications.  

A defined quality of service specific to each application is 
appropriate. Customizing the bandwidth allocation ensures 
that when critical data is required the communications 
network won’t throttle throughput. As this network is owned 
by the utility’s company, they can confidently invest as they 
can determine the longevity of the assets rather than having 
to comply to an MNO strategy which is driven by a larger 
consumer base.

Once in place, this will allow utilities to move from reactive 
to proactive processes such as digital twins, which use 
pools of sensor data to build accurate simulations of utility 
infrastructure behavior. Digital twins can be used to predict 
failures and take preventative action before they become 
critical. This requires highly secure and reliable data streams 
from many devices, which 5G is ideally suited to carry.

The need to maintain a geographically spread and highly 
skilled workforce to repair faults quickly, 24 hours a day, is 
a significant cost factor for utilities. By predicting failures 
ahead of time, remedial activities can be conducted on site 
proactively or ideally, remotely, reducing the requirements 
on the maintenance team. To achieve the latter, the dynamic 
allocation of network resources is an ideal method to enable 
and manage such applications and does not incur inefficient 
permanent allocation.

There are also potential new revenue streams. As a utility 
private 5G network may cover locations that don’t have 
population densities that support the business model of a 
public 5G network, there is an opportunity for the utility to 
carry traffic for the MNO.

Each utility will have a unique set of requirements, but public 
networks will have to accommodate to the lowest common 
dominator. However, a private 5G network gives utility 
companies the power of customization which will be key to 
successful integration and provides the basis for significant 
innovation and value creation at the network edge.

“By using a private 5G network, the 
control, optimization and end-to-end 
data ownership resides with the utility.”
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6.2  WAREHOUSE AUTOMATION THAT 
TRANSFORMS BUSINESSES AND  
DELIGHTS CUSTOMERS 

Buying habits have changed rapidly in recent years, with a 
growing number of purchases made online and an increased 
expectation that deliveries arrive within 24 hours with 
exceptional levels of order accuracy.

To address this trend, retailers have accelerated the move to 
omnichannel operations and are focusing on transforming their 
businesses to become more agile and efficient. As a result, 
warehouses have become increasingly automated with high 
storage densities, enabling rapid access to goods.

Private 5G networks are an important enabler of advanced 
automated machinery, allowing increased mobility and flexibility 
– while being centrally controlled by the order fulfilment system. 

Think about a fleet of autonomous vehicles, such as forklift 
trucks, controlled by the central computer. The speed at which 
a vehicle can pick goods is influenced by the path each vehicle 
takes. If every vehicle can take the optimal path, then the 
entire warehouse works more efficiently. While each vehicle 
could schedule its own path with reasonable efficiently, the 
sheer scale of warehousing means that a centralized control 
system will be simpler and more efficient. This brings the radio 
link between the control system and the vehicle into focus. It 
must be efficient, deterministic and reliable.

To deliver the quality of service required for these types of 
applications, a level of customization is required in the wireless 
network to enhance the reliability of the link and enable the 
implementation of the central control system. But there are 
several other considerations. 

Typically, warehouses contain a large number of metal columns 
and other objects. This is not an ideal situation for any radio 
system. An often-proposed solution is to ‘force’ the system 
to work by adding additional base stations or antennas, but 
this is likely to become a self-defeating strategy as levels of 
radio frequency interference increase. In addition to careful 
planning, the use of adaptive algorithms and advanced antenna 
solutions are required to ensure reliable connectivity.

To facilitate the warehouse to operate at maximum efficiency 
requires instructions to be delivered to each vehicle when 
required. The vision is that a combination of both URLLC and 
massive machine-type communications (mMTC) use cases 
will solve this. The reality is that even with these functions, 
significant customization and integration with the control 
system will be required for efficient operation.

Even with the wide bandwidths available at millimeter wave 
frequencies, there is a limit to the amount of URLLC traffic 
that a cell can carry which may impact the warehouse layout 
to prevent vehicles from gathering in certain locations. This is 
highly undesirable as it could mean a suboptimal warehouse 
flow. The preference is to ensure that there are sufficient cells 
and capacity available to allow for the necessary level of traffic.

Whilst the building blocks for other key requirements within a 
warehouse system can be met by an off-the-shelf 5G private 
network, expert customization is required to configure these 
into a complete and integrated system.  

“Private 5G networks are an important enabler of advanced automated machinery, 
allowing increased mobility and flexibility – while being centrally controlled by the 
order fulfilment system.” 
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6.3  INTELLIGENT MANUFACTURING  
THAT INCREASES PRODUCTIVITY AND 
REDUCES COSTS

Manufacturers have been off-shoring for many years to reduce 
costs, but are increasingly repatriating their operations. 
Vulnerability to disrupted global supply chains, increasing 
trade barriers and a growing awareness of the environmental 
impact of shipping goods have all fueled this trend. More 
intelligent manufacturing – enabled by connecting sensors 
and machinery to advanced data processing systems – enables 
manufacturers to increase productivity and reduce costs.

Wired connections, such as Ethernet, are valuable for 
connecting manufacturing systems when they are in fixed, 
accessible locations. However, wireless solutions can connect 
elements which are mobile, such as robots and machines 
which can then be relocated and redeployed as demand 
requires, or inherently mobile systems such as autonomous 
supply vehicles.

With intelligent customization and appropriate integration, 
5G can meet connectivity demands in harsh manufacturing 
environments and support the scalability, reconfigurability and 
mobility requirements of modern production processes.

Implementing a 5G network in a manufacturing facility does not 
necessarily mean depending on a third-party mobile operator 
to support mission-critical operations or compromising on 
needs with a one-size-fits-all service. Private 5G networks 
provide wireless connectivity that can be customized for 
particular needs and are fully owned and controlled by the 
organization. There are five key advantages to using private 5G 
networks in manufacturing environments:

1. Control and responsibility of highly reliable low latency 
communications. This provides the reliability to operate 
critical machinery in near real-time

2. Safety-critical communications can be guaranteed. This 
means that when an alarm is raised, machinery can be 
stopped quickly with a low latency connection, and data 
can be gathered to diagnose and fix the underlying cause

3. Resilience against changing radio conditions and 
equipment failures can be built into the communications 
system. Through an integrated, layered approach, 
redundancy can be built into the system. Private 5G 
networks are also designed and dimensioned to be 
resilient and to provide overlapping coverage

4. The network can balance the needs of the different 
types of data by using network slicing. This means the 
small amounts of data from safety-critical alarms and 
control signals can be dealt with as a priority and reliably 
delivered via low latency. In contrast, large streams of 
data routinely collected for condition monitoring are 
typically not sensitive to latency and are allocated higher 
bandwidth as required

5. Flexibility to take advantage of distributed processing 
of data – through multi-access edge computing (MEC) 
– is essential for future-proofing systems. Advanced 
data processing, such as machine learning techniques, 
are increasingly being used not just in centralized data 
centers or in the cloud, but deployed alongside sensors at 
the network edge

Intelligent manufacturing offers many benefits: reduced 
costs, higher efficiencies, reduced waste and more flexibility 
to future needs. A communications system which enables 
effective data collection and control is an essential enabler 
to this, and private 5G networks offer the combination of 
performance and flexibility needed. Customizing a private 
5G network removes the need to compromise in demanding 
manufacturing environments.
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7  CONCLUSION
Digital transformation is at last, moving from a much-hyped 
discussion point to an achievable reality, thanks to the potency 
of 5G. As we’ve explored in this paper, this can enable real-time 
monitoring and control for utilities, warehouse automation and 
predictive manufacturing maintenance – to name but a few.

Right off the bat, 5G offers up many advantages. It provides 
eMMB for high-capacity broadband, mMTC for sensing and 
URLLC for critical control. And it supports network slicing 
to provide dedicated services for a vast range of industrial 
applications. But off-the-shelf systems are typically limited to 
the corners of the 5G triangle. 

As each enterprise and industrial application is very different, 
it is necessary to blend 5G use cases to match specific 
requirements. In response to this, customization and focused 
decision making are vital. The additional upside is that it 
enables you to create something demonstrably unique to 
your business. Differentiation and market leadership are the 
consequences.

Building a private 5G network demands a carefully planned 
strategic approach with objective technical advice from 
appropriate experts in the field. You must get under the skin 
of the various trade-offs, get to grips with the risks, and get a 
handle on ways to optimize ROI. Off-the-shelf options might 
seem attractive – but it is customization that will underpin the 

most ambitious and advanced systems in the years to come.

Cambridge Consultants has a proven record of developing 
high performance wireless-based applications. Our industry 
expertise spans utilities, warehousing and logistics, as well 
as healthcare and agriculture. We know and understand 
the requirements of each of these industries and we have 
experience in creating dedicated cellular and bespoke 
connectivity solutions which power many of the biggest 
corporations in the world. We can be your guide when it comes 
to vaulting the barriers and planning a path for the next five 
to ten years of success. Please get in touch to continue the 
conversation.

For more information, or to discuss how we can help you realize 
your own private 5G network ambitions, please contact:

Jacob Reeb – VP, Wireless and Digital Services
jacob.reeb@cambridgeconsultants.com

“It is customization that will underpin the most ambitious and advanced systems  
in the years to come.” 
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About Cambridge Consultants
Cambridge Consultants, part of Capgemini Invent, is a world leader 
in innovation and technology-based consulting, helping ambitious 
companies achieve the seemingly impossible. From large multinationals 
to innovative start-ups, our clients trust us to develop breakthrough 
technologies and solve their most critical, high-risk challenges. With 
a team of more than 900 staff in Cambridge (UK), Boston, San 
Francisco and Seattle (USA), Singapore and Tokyo, we have one of 
the world’s largest independent wireless development teams.

Over the years, we have led the creation of major wireless 
technologies and developed service platforms that have transformed 
our client’s businesses. This includes the world’s first single-chip 
Bluetooth radio, radios that manage more than half of the globe’s 
airspace and the most densely packed cellular network in the world, 
which has revolutionized warehouse automation. We have created 
breakthroughs that defy convention across diverse markets. These 
range from telecoms, IoT and satellite, to healthcare, consumer, 
audio and automotive. This technical expertise and deep market 
knowledge also provides the commercial insight that helps our 
clients navigate the emerging technology landscape and offers the 
intelligence to underpin their most critical strategic decisions.

 

For more information, or to discuss how we can help you realize your 
own private 5G network ambitions, please contact:

Jacob Reeb, VP, Wireless and Digital Services
jacob.reeb@cambridgeconsultants.com

www.CambridgeConsultants.com
UK � � �USA SINGAPORE JAPAN

Cambridge Consultants is part of the Capgemini Group, a global 
leader in innovation. www.capgemini.com Li
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