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EXECUTIVE SUMMARY
Greater digitalization and increasing use of sensors and sensor networks has given rise to 
business cases where applications require extremely high bandwidth, low latencies or high 
reliability. Such deployment priorities may be specific to each enterprise in terms of network 
investments aligned with specific use cases.

5G has the requisite protocols to support massive sensor networks. The specifications 
provide for defining virtual network characteristics embedding ultra-reliability, low latency 
and extremely high bandwidths. This allows for a variety of domain specific applications to 
be developed and implemented that may have differing requirements of latency, reliability 
and/or bandwidth.  The attributes of 5G make it feasible to implement it in enterprises, 
independent of the public roll-out – called Non-Public 5G Networks (NPN). On one hand, this 
allows the enterprise to be responsive to its business needs, on the other, it also provides the 
TSP with potential revenue, if the business and TSP work together to roll-out and manage 
the enterprise network.

Given that public 5G networks could take a few years to be deployed as TSPs go through 
the auction/allocation process, get ROW and roll-out services, it would be worthwhile to 
consider NPN as an effective network deployment strategy. NPNs would allow Industry 4.0 
to be realized on a larger scale. Several countries have implemented NPNs with a view to be 
leaders in 5G and also to give their enterprises a competitive edge. India should also leverage 
5G’s features to give a competitive edge to Indian manufacturing and enterprises. This will 
provide an opportunity for local applications to be developed on Indian use cases, thus 
supporting Atmanirbhar Bharat. With the advent of successful 5G test beds for NPN and use 
cases across the world, India is at an advantage to leapfrog in this domain.

This White Paper identifies the policy, regulatory and industry specific issues in the roll-out of 
NPN Private 5G. This aims to address the concerns of the Parliamentary Standing Committee 
on IT by providing a roadmap to DoT/TRAI and TSPs and ISPs. 

The White Paper is based on extensive desk research, interactions with various industry 
experts and contextualizing an existing use case model for the Indian port and smart 
manufacturing sectors.
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Analysis and Recommendations

•	 Early availability of spectrum 
for NPN is necessary for 
enterprises to become more 
competitive. 

•	 Earlier, spectrum licenses 
were exclusively awarded to 
telcos. NPN would require 
development of frameworks 
for shared license access 
between telcos and/or 
enterprises. Regulators may 
need to develop appropriate 
regulatory framework for 
allocation of spectrum to 
enterprises, in case of a user led NPN deployment model. Developing regulatory and 
technology models for Licensed Shared Access would be critical.

•	 So far, the role of telcos was predominant in rolling out networks and devising 
innovative marketing strategies. NPNs will entail them to devise end-to-end solutions 
for enterprises as they roll out domain specific applications. NPNs also challenge 
enterprises to devise new business models with innovative services. On the other hand, 
NPNs would create opportunities for revenue generation from the consequent new 
business opportunities. This could address telcos’ concern regarding sharing spectrum 
with enterprises and hence losing out on some services. Enterprises would also require 
new kinds of network capabilities, especially regarding the network requirements for 
their domain specific applications (such as latency, bandwidth). Organizations would 
need to ensure that their NPNs comply not only with their own security and user 
administration aspects, but also with the 3GPP framework. 

•	 Unlicensing of spectrum is required as several use cases for 5G are driven by the 
propagation characteristics and device ecosystem in the unlicensed bands. Making 
adequate spectrum available in other licensed bands requires central coordination 
across other government departments/ministries such as Space and Defence, that are 
currently using the identified 5G bands. Similarly, new unlicensed spectrum bands 
viz. 6 GHz and also 60 GHz (V band) need to be opened up to help unleash next-gen 
Wi-Fi technologies viz. Wi-Fi6/Wi-Fi6E and Wi-Fi7, which can complement 5G. The 
coordination should be done in the context of experience of other countries that had 
similar situations and on the basis of co-existence studies carried out in India. Further, 
NPNs would require developing domain specific use cases and hence coordination 
with regulatory/standards bodies in those domains is of utmost importance.

•	 Pilot NPN testbeds in the port sector and manufacturing in Europe have shown 
significant positive outcomes, both from a financial and sustainability perspective.

•	 Contextualizing an existing model for five key use cases, we found that Indian ports and 
smart manufacturing shows substantial benefits and helps to identify the sequence 
of implementation amongst the selected use cases. 
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•	 A collaborative approach between academia, service providers, user industry, vendors 
and most importantly, adequate funding support from the government is necessary. 
Identifying focus areas of testbed implementation in real life contexts as was done in 
the COREALIS project is important to influence industry and policy makers regarding 
adoption of NPN.

•	 The Department of Telecommunications (DoT), India has supported the creation of 5G 
testbed in India through a network of Indian Institute of Technology, Hyderabad, Indian 
Institute of Technology, Bombay and Indian Institute of Technology, New Delhi. This 
support provides for hardware and software for testing. Application agnostic testbeds 
as the one implemented in India are critical for vendors, equipment providers, telcos and 
start-ups to test potential 5G deployments in India. In addition, an NPN implementation 
as a series of pilots in a specific sector such as a port, airport, manufacturing enterprise 
across several locations, etc. is critical for understanding the key/different drivers in 
each sector. This is because each enterprise context (port, manufacturing, airport) 
would have varying needs and priorities for bandwidth, reliability, connectivity, latency, 
etc. Further, even within a specific type of enterprise, these needs would vary. For 
example, for ports with congested berths, operating rubber tyred gantry cranes may 
be more important, while for another, condition monitoring could be more important.

•	 As an example, EU Horizon 2020 program supported 5G initiatives in several areas 
such as Ports, Smart Manufacturing, etc. were taken up. The projects typically involved 
telcos, network integrators, equipment vendor and most importantly, the user 
organizations. Since enterprise context is important for NPN, we suggest that MeitY, in 
collaboration with the industry and academia, prioritise funding for a series of end-to-
end pilot test bed implementation along several sectors, as suggested above. Along 
with this, it should undertake systematic baseline studies to scientifically be able to 
establish the value addition due to NPN as was done in the COREALIS project.

•	 Various models of NPN deployment are possible. Most sustainable will be the ones that 
leverage the inherent unique strengths of the vendors, telcos and the user-industry.

•	 Early licensing models for NPN deployments indicate an administrative price based 
on amount of spectrum, geographical area and duration seem to work. Further, use-
it-or-lose-it models to encourage industries to deploy NPN in an accelerated manner 
would be useful. Technology neutrality is an important characteristic of these licenses.

•	 Innovative applications emerging from early NPN deployments could see many ICT 
products/services from India, contributing to Atmanirbhar Bharat. This would also give 
an impetus to the start-ups and could help create a leading position for India in the 
Internet and knowledge/service sector.

•	 Both public and private sector enterprises could benefit from NPN deployments. 

•	 Service providers (telcos and vendors) will need to address the specific network 
requirements and SLAs. This may require upgradation of technical skills. NPN 
deployments could create new non-linear revenue channels for telcos.
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DRIVERS FOR THE WHITE PAPER
As per the Standing Committee on Information Technology (2020-21) titled “India’s 
Preparedness for 5G”, February 2021, “...there are apprehensions that India is set to miss the 
‘5G bus’ due to lack of preparedness, spectrum issues, inadequate use-case development, 
uncertainty around sale of radio waves for 5G, etc”.  The time lag in India’s deployment of 
various telecom technologies with respect to global deployments is highlighted in Table 1 
and substantiates the concerns regarding delays in 5G deployment.

Table 1: Global and Indian Deployment for 2G, 3G, 4G and 5G

Technology 2G 3G 4G 5G

Global Deployment 1993/94 2000 2008 2019

Indian Deployment 1995 2011 2016 -

Source: The Standing Committee on Information Technology (2020-21), February 20212, other sources

Further, the Committee was “…inclined to conclude that sufficient preparatory work has not 
been undertaken for launching of 5G services in India…unless time-bound action is taken in 
core areas where Governmental intervention is required”, India would lag in 5G deployments. 
Going forward, the Committee directed the DoT to study the experience gained by other 
countries in successfully rolling out 5G for better understanding the complexities involved 
in the process. Further, the DoT was expected to “explore all possible issues needed for the 
success of IIndustry 4.0, so that spectrum can be allocated and proper policies are laid down 
for industrial growth of the country using 5G”. Given that public 5G networks could take 
a few years to be deployed as TSPs go through the auction/allocation process, get ROW 
and roll-out services, it would be worthwhile to consider private 5G networks as an effective 
network deployment strategy. In the latter case, the 5G network is limited to the enterprise. 
3GPP Release 17 defines “A non-public network is a network that is intended for non-
public use. Deployments of non-public networks in private environments (e.g., factories, 
enterprises) to provide coverage within a specific geographic area for non-public use 
is a key demand of emerging 5G applications and verticals. Non-public networks may 
be deployed as completely standalone networks or with the support of a PLMN. The 5G 
system supports non-public networks”.

5G has the requisite protocols to support massive sensor networks. The specifications 
provide for defining virtual network characteristics embedding ultra-reliability, low latency 
and extremely high bandwidths. This allows for a variety of domain specific applications to 
be developed and implemented that may have differing requirements of latency, reliability 
and/or bandwidth. The attributes of 5G make it feasible to implement 5G in enterprises, 
independent of the public roll-out – called Non-Public 5G Networks (NPN). On one hand, this 
allows the enterprise to be responsive to its business needs, on the other, it also provides the 
TSP with potential revenue, if the business and TSP work together to roll-out and manage 
the enterprise network.

2 https://eparlib.nic.in/bitstream/123456789/799780/1/17_Information_Technology_21.pdf
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Objectives
The White Paper identifies the policy, regulatory and industry specific issues in the roll-out 
of Private 5G Networks. This would address the concerns of the Parliamentary Standing 
Committee on IT by providing a roadmap to DoT/TRAI and TSPs and ISPs.

Introduction
Greater digitalization and increasing use of sensors and sensor networks has given rise to 
business cases where applications require extremely high bandwidth, low latencies or 
high reliability. Such deployment priorities may be specific to each enterprise in terms of 
network investments aligned with specific use cases. 5G specifications allow for extremely 
High Bandwidth for Mobile Devices (eMBB), Massive Sensor Connectivity (mMTC) and Ultra-
Reliable Low-Latency Communication (ULRCC).  Specific network properties based on the 
requirements of various applications can be configured through “network slicing”, an intrinsic 
characteristic of 5G.

We give below the performance characteristics of 5G in relation to 4G

Table 2: Performance Characteristics of 5G 

No. Performance 4G 5G

1 Peak date rate (Gbit/s) 1 20

2 User experience data rate (Mbit/s) 10 100

3 Spectrum efficiency 1x 3x

4 Speed (km/h) 350 500

5 Latency (ms) 10 1

6 Connection density (number of objects/km2) 105 106

7 Network energy efficiency 1x 100x

8 Area traffic capacity (Mbit/s/m2) 0.1 10

9 Network Slicing NA Possible

Source: Recommendation ITU-R M.2083-0 (09/2015)3

The Department of Telecommunications has permitted 5G trials in different bands 3.2-3.67 
GHz, 24.25-28.5 GHz and 700 MHz, along with the existing licensed spectrum in the 800 MHz, 
900 MHz, 1800 MHz and 2500 MHz.

3  https://www.itu.int/dms_pubrec/itu-r/rec/m/R-REC-M.2083-0-201509- I!!PDF-E.pdf, accessed on October 9, 2017.



NON-PUBLIC 5G NETWORKS IN INDIA: POLICY, REGULATORY AND SECTOR PERSPECTIVE12

DRIVERS FOR NPN
Developments in edge computing, availability of dedicated or shared spectrum, a mature 
device ecosystem, simultaneous and synchronous developments in cellular 5G and Wi-Fi 
standards (Wi-Fi 6/6E and 5GNR) allow enterprises to deploy highly tailored networks. Edge 
computing allows for low latency and isolation by establishing a physical or logical boundary 
close to or inside the organizations. Networks that combine features of both traditional 
enterprise Wi-Fi and 3GPP standardized 5G networks allow for highly tailored networks when 
leveraged with edge computing. Processing at the edge allows for low latency, granular 
control and measures of security. These advancements have led to deployment costs of NPN 
being reduced drastically, thus making it easier for enterprises to adopt them. 

•	 High quality-of-service requirements,

•	 High security requirements, met by dedicated security credentials,

•	 Isolation from other networks, as a form of protection against malfunctions in the public 
mobile network. Also, isolation may be desirable for reasons of performance, security, 
privacy, and safety.

•	 Accountability - A non-public network makes it easier to identify responsibility for 
availability, maintenance and operation4 (Rel 17).

For example, one port may be first interested in providing support for massive bandwidth as 
it implements remote tower crane maintenance while another port may focus on automatic 
guided vehicles, where latency requirements may be more stringent.  The telco designed 
public networks may not be engineered to serve such specific requirements. However, a 
telco does have the expertise to design contextually engineered networks for enterprises. 
Such networks require partnerships with the enterprise to take into account the business 
complexity reflected in different scenarios. Moreover, since such networks embed enterprise 
critical data, security of the network and localization of data is of concern to the enterprises. 

Figure 1: Private 5G networks promise to connect people, sensors and machines within 
factories, universities, ports, farms and other facilities

Source: Qualcomm

4  3GPP releases 17 available on https://www.3gpp.org/release-17
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Context of NPN 
Several countries have implemented NPNs with a view to be leaders in 5G and also to give 
their enterprises a competitive edge. India should also leverage 5G’s feature of softwarization, 
eMBB, ULRCC, mMTC and other characteristics mentioned above to give a competitive edge 
to Indian manufacturing and enterprises. This will provide an opportunity for local applications 
to be developed on Indian use cases, thus supporting Atmanirbhar Bharat. 

Providing NPN would require development of a policy and regulatory framework for assigning 
5G spectrum to enterprises or for TSPs to lease/share with enterprises. So far, the regulatory 
regime has allowed spectrum sharing only between licensed TSPs, but a framework for 
sharing the same between a TSP and a private enterprise would have to be developed. A 
policy for provisioning of adequate licensed spectrum in the relevant bands and similarly, 
a policy for unlicensing new and globally harmonised spectrum bands in accordance with 
international best practices, would have to be developed in a time bound manner. NPNs 
would allow Industry 4.0 to be realized on a larger scale. Thus, by starting roll-out of NPN, 
India could still catch the 5G bus, albeit as a laggard.

The broad picture above is a microcosm of the various policy, regulatory and industry specific 
issues in the context of private 5G Networks. It may appear that following the tried and tested 
method of first allocating spectrum for macro 5G networks, then waiting for deployments 
as has happened in 2G, 3G and 4G is a safe strategy, but this would be further putting India 
behind in the 5G race, as several other countries have already started deploying Private 5G 
Networks and have also allocated spectrum for licensed services for public 5G Networks.

Deployment Models for NPN
Release 17 of 3GPP identifies the following variety of configurations for NPNs utilising both 
virtual and physical network functions:

•	 Stand-alone Non-Public Network (SNPN), i.e., operated by an NPN operator and not 
relying on network functions provided by a PLMN.

•	 Public network integrated NPN (PNI-NPN), i.e., a non-public network deployed with the 
support of a PLMN.

Figure 2: Private networks can operate standalone or with  
public networks through network slicing

  
Source: Qualcomm



NON-PUBLIC 5G NETWORKS IN INDIA: POLICY, REGULATORY AND SECTOR PERSPECTIVE14

Overview of NPN Spectrum 
The various bands that have been considered globally for NPN include the following: 
•	 1.7817-1.7850 / 1.8767–1.880 GHz
•	 2.390-2.400 GHz
•	 2.6 GHz
•	 3.4-3.8 GHz 
•	 3.8-4.2 GHz
•	 24.25-27.5 GHz

The specific bands selected in different countries would take into account national contexts 
of spectrum availability. The 3.4 - 3.8 GHz bands have been most widely used so far for NPN 
as they provide a good balance between coverage and throughput. More importantly, while 
considering specific bands for NPN, regulators need to be sensitive to the varied application 
requirements of reliability, latency, bandwidth associated with different use cases in various 
sectors. For example, while high bandwidth requirements and large channel sizes are critical 
in remote, automated maintenance of (say) cranes in a port, low latency is important for 
automated guided vehicles in the port area. Thus, spectrum bands for NPN would depend 
on the selected applications. Therefore, regulators need to make available a large number of 
bands for NPN effectiveness.

NPN Deployments in Different Countries
Several countries have taken the lead while few others have barely begun deployment of 
NPN. We list below the key aspects of NPN deployments in Germany, UK, Japan, USA, Italy 
and France with data available from public sources. These are listed in Table 3.

Four countries have provided NPN licenses as shared access spectrum. In UK there were 
three classes of licenses, depending on power emitted. 

The license area in the case of Germany and Japan is the area of the premise. In UK, it also 
included the number of base stations in a radial distance of 500 m for low power licenses.

There are roll-out conditions in the form of use-it-or-lose-it in a year’s time in Germany. 
Licenses are technology neutral. 

The enterprises that have rolled out NPN have normally done so in partnership with telcos, 
equipment providers, and other players.
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Table 3:  5G Private Network Deployment Characteristics in Germany, UK,  
Japan, USA and other countries

Country

Process/License Characteristics Deployment and Use CasesRegulator

Band for Private Network 

Germany 5 •	 License Eligibility
Land ownership or right of use.  
License Fees 
Fee = 1000 + b ·t·5·(6·a1 +a2), where 1000 
indicates the base amount in euros, b 
denotes the bandwidth in MHz (10 to 100 
MHz), t is the duration of the allocation 
in years (e.g. 10 years), and a is the area in 
km2 with a differentiation between the 
populated area and transportation areas 
(a1) and other areas (a2). The locations 
and the area of the region can be defined 
by the applicants.

•	 License Blocks and Duration 
10 MHz blocks for maximum of 10 years, 
and are transferable. In any case, the 
regulatory framework will be reviewed 
by BNetzA after a year in use. Applicants 
can also apply for a shorter license 
duration, which will reduce their fees. 

•	Technology 
Approach is service and technology 
neutral, though TDD is the only allowed 
duplex technology, and networks must 
be synchronized. Efficient use of the 
assignment is required, with a use-it-or-
lose-it principle.

BNetzA has already awarded 
123 spectrum licenses for 
private 5G campus networks.

Some of the companies 
running campus networks 
based on 5G frequencies 
include: 

•	 Audi
•	 BMW Deutsche Messe
•	 Fraunhofer Institut fur 

Integrierte Schaltungen 
IIS

•	 Daimler
•	 Mercedez-Benz
•	 Porsche
•	 Rohde & Schwarz and
•	 ThyssenKrupp

The German federal network 
agency is Bundesnetzagentur 
BNetzA 

3.700 – 3.800 GHz

United Kingdom •	 License Type 
Shared Access licenses in four shared 
access bands in two categories - low power 
license (per area license) and medium 
power license. 
For low power license to deploy a required 
number of base stations in a circular area 
of a 50 m radius, while the terminals are 
covered by the same license. 

•	 License Fees 
Cost based administrative fees, reflecting 
Ofcom’s cost of issuing the license, charged 
annually on a per area based or on a per 
base station basis
For the 3.8-4.2 GHz band, the annual fee is 
also 80 GBP per 10 MHz per area

•	 License Blocks and Duration
2 x 3.3 MHz portion of the 1800 MHz band is 
best suitable for narrowband applications 
in the rural areas.
3.8-4.2 GHz band is currently used by 
several incumbent services, but in addition, 
the band can be used for private networks 
as there are unused spectrum resources. 

•	 Technology 
Licenses are technology neutral

Associated British Ports 
(ABP) operated U.K. Port of 
Southampton with a private 
5G network.

Verizon provided the first 
mainland U.K. port with a 
private 5G network.

Ofcom 
1.800 GHz

2.3 GHz

3.8 - 4.2 GHz

5   https://www.researchgate.net/publication/340563891_Location_Dependent_Spectrum_Pricing_of_Private_LTE_and_5G_
Networks_in_Europe
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Country

Process/License Characteristics Deployment and Use CasesRegulator

Band for Private Network 

Japan •	 License Type 
28,000 square meters on the grounds of 
Fujitsu Shin-Kawasaki Technology Square

•	 License Fees

•	 License Blocks and Duration 

•	 Technology 
To be in compliance with the standards set 
by the Radio Law.
5G for data transmission, LTE for connection 
control between base stations and land 
mobile stations

Fujitsu - Japan’s first 
commercial Private 5G 
radio station license from 
the Kanto Bureau of 
Telecommunications and will 
begin operating a Private 5G 
network at its Shin-Kawasaki 
Technology Square office 
(Location: Kawasaki City, 
Kanagawa Prefecture).

Kanto Bureau of 
Telecommunications

28.2 - 28.3 GHz
25.75 -25.95 GHz

Italy •	 License Fees

•	 License Blocks and Duration 

•	 Technology 

For Port of Livorno, the 5G NR network 
installed in the port area was based on 
3GPP R15 Option 3.x architecture based 
on Ericsson AIR 6488 operating at 3.7 GHz. 
The gNodeB is an Ericsson Baseband 6630 
installed in the same cabinet where the 
cloud platform is also located.

122 5G projects are in the 
trial phase, some via public 
grants.6

The 5G trial underway in 
Livorno is also part of the 
European project H2020 
Corealis.

AGCOM  (Italian 
Communication Authority)
3.7 GHz

USA •	 License Fees

•	 License Blocks and Duration 

•	 Technology 
Governed by Citizens Broadband Radio 
Service (CBRS) 

John Deree – an agricultural 
farm equipment 
manufacturer paid  $500 
k in private 5G licenses to 
support flexible factory 
networks.

FCC
3.550-3.700 GHz

France •	 License Fees

•	 License Blocks and Duration 

2600 TDD MHz band

•	 Technology 
Governed by net neutrality requirements 
and regularly reviewed by ARCEP

The airport operator, ADP 
Group and its subsidiary Hub 
One, have been granted a 
10-year 4G and 5G license by 
ARCEP in February 2020 to 
be used in Paris’ airports. 
EDF, the major electricity 
company in France has been 
awarded a 10-year license in 
the 2.6 GHz TDD band (20 
MHz) on the Blayais nuclear 
power plant. 
The mobility company 
TransDev has also been 
allowed to use the 2575-2595 
MHz spectrum in Rouen, 
North West of France for 
three years from 12 March 
2020. Other verticals like 
national railway company 
SNCF and Airbus have 
expressed their interest to 
ARCEP.7

ARCEP 

Electronic Communications, 
Postal and Print media 
distribution Regulatory 
Authority (L’Autorité 
de régulation des 
communicationsélectroniques, 
des postes et de la distribution 
de la presse)

2.570-2.620 MHz 

Band 38

6  According to a recent study by the 5G & Beyond Observatory of the School of Management at the Politecnico of Milan

7  https://5gobservatory.eu/5g-private-licences-spectrum-in-europe/

https://www.networkworld.com/article/3180615/faq-what-in-the-wireless-world-is-cbrs.html
https://www.networkworld.com/article/3180615/faq-what-in-the-wireless-world-is-cbrs.html
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Results of NPN Deployment 
Deployments of NPN include private initiatives such as Mercedes Benz, Daimler, Porsche, 
Rohde & Schwarz and ThyssenKrupp, and Fujitsu (Japan). These have reached different 
levels of maturity. In addition, significant initiatives at the national/supranational level such 
as EU have been undertaken. In Appendix 1, we provide some examples/initiatives in the 
NPN context. In the following, we consider two specific scenarios: smart ports and smart 
automotive factories in greater detail.

For ports, under the EU H20208, the European Commission had funded the COREALIS9 project. 
The focus was on “Port of the Future for cargo ports to handle upcoming and future capacity, 
traffic, efficiency and environmental challenges”. The project duration was from May 2018 – 
April 2021. The project funding included 5.1 million Euros, 17 partners from 10 European and 
associated countries. The objective of the innovative technology deployment was to increase 
efficiency, optimize land use, and contribute to financial viability and increasing environment 
sustainability. The deployment was done in real operating conditions in five ports: Piraeus 
port, Valencia port, Antwerp port, Livorno port and Haminakotka port.

For smart factories, the EU, Smart Factory Europe10 project aims to accelerate the digitalization 
of the European manufacturing industry. This alliance was established between 3 European 
partners:    Smart Factory Kaiserslautern (this is a German cooperation platform consisting 
of over 50 partners from industry and research), Flanders Make (this is a strategic research 
centre for the manufacturing industry with over 600 researchers) and Brainport Industries. To 
accelerate adoption of industry 4.0 practices, this project provides exchange of best practices 
and Smart Manufacturing Hubs/Centers that offer facilities to the manufacturing industry.

Port Automation
Ports face challenges in remaining competitive, due to the demands of trade, customers 
and economic development and differential ability to leverage technology. This increases 
pressure on them to be more efficient and hence be able to attract more shipping lines 
through better and effective pricing. Significant amount of automation has happened around 
container ports due to the fact that they deal with standardized cargo type: a container. 

Optimizing yard and terminal operations is a key priority for port operators. This includes 
decongesting yards for both greater efficiencies and lower impact on the environment. 
Port operators have to contend with ever increasing demand in the context of limited quay 
lengths, berth space and related equipment for loading and unloading. 

Ports are generally geographically spread, have varying levels of network and computing 
requirements, and are in the process of increasing digitalization. Driven by competition, ever 
increasing size of ships and greater move towards containerization, ports are increasingly 
using automation. From the perspective of environmental impact and safety, ports find it 
necessary to minimise ship anchorage time, reduce berthing delays, manage within port and 
entry & exit of truck traffic, efficient use of ship to shore cranes and forklifts. Digital initiatives 
to manage the above include using sensors for RFID for container tracking, automated 
guided vehicles, sensor-based rubber tyred gantry cranes and forklifts.  

8  Horizon 2020 is the financial instrument implementing the Innovation Union, a Europe 2020 flagship initiative aimed at 
securing Europe’s global competitiveness Seen as a means to drive economic growth and create job, details available on 
https://ec.europa.eu/programmes/horizon2020/en/what-horizon-2020

9  Capacity with a positive environmental and societal footprint: ports in the future era – COREALIS, details available on 
https://www.corealis.eu/

10 https://smartfactory.eu/
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Existing LTE/4G, fibre and Wi-Fi have their limits and may not support all port related use 
cases. This is because while freedom from interference is guaranteed in LTE/4G networks, 
the sharing of radio resources restricts the quality of SLA for enterprise customers. Fibre 
networks do not allow for mobility of devices and equipment. While Wi-Fi 6E does offer 5G like 
capabilities, 5G offers a degree of mobility that is not possible with Wi-Fi. Also, where there is 
a need to cover a large number of devices, especially outdoors (as transmission power/Wi-Fi 
Access point is limited). 5G deployments in ports as potential test bed is, therefore, attractive.

Network slicing, a key feature of 5G, allows for these varied requirements to be implemented. 
Leveraging 5G cellular  capabilities allows for  “• Low and predictable latencies, even with 
a heavy load and many users • Quality of service to guarantee low latency and bit rates • 
More deployment flexibility for sparse and dense options • Mobility capabilities to ensure a 
smooth handover between base stations • Flexible scaling of network capacity, depending 
on demand • Reliability of device interoperability • The full deployment of multiple use cases, 
involving many sensors and devices, which require LTE/NB-IoT/5G cellular capabilities, to 
ensure reliability and security”.11 

The case studies below have detailed out the specifics of two ports, among the many such 
implementations. 

Case Studies

a. Port of Hamburg

The Port of Hamburg is spread over a wide area and covers several transport networks, 
including waterways, 118 bridges, 300 km of railways. Port of Hamburg competes with the 
other North European Ports for servicing the entire European hinterland. In commercial 
shipping, there is ‘A-R-B-H Range’ - Antwerp, Rotterdam, Bremen, Hamburg. If the cargo 
is destined for interior Europe, shippers most likely choose between these four ports (and 
intermediate Ports like Zeebrugge, Bremerhaven, etc.) for their ship calls. As the port of 
Hamburg has geared up being adaptive to future technology, it has an upper hand in the 
competition among other European ports.

Identifying the areas that require maintenance or create bottlenecks is important for the 
efficient functioning of the port. The port requires SLAs in terms of guaranteed minimum 
throughput, reliability, coverage, resilience, and latency across a number of applications. 

The port had a mix of fibre optic, radio technologies, including Wi-Fi and LoRa in the unlicensed 
bands. While fibre optic connectivity allows for high bandwidth, this can only be used for 
devices that are fixed in one place. In a port, a number of equipment (tower cranes, forklifts, 
trucks, tugboats, etc. are mobile). Further, both Wi-Fi and LoRa do not guarantee quality of 
service or interference free communication. These properties do not make it amenable for 
critical applications. The Hamburg Port Authority (HPA) worked with Deutsche Telekom (DT) 
and Nokia12  to implement a 5G testbed (Appendix 2). The following use cases along with their 
respective 5G requirements were identified:

eMBB: AR/VR with holoLenses to manage port assets.

mMTC: Barges with sensors require dual connectivity.

URLLC: Connected traffic lights.

11  https://www.corealis.eu/wp-content/uploads/2020/06/Livorno__LL_webinar_Ericsson_5G-Sustainability-Benefits.pdf

12  https://gsacom.com/paper/5g-smart-sea-port-hamburg-authority-nokia-white-paper/
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Table 4: Relative Importance of Slicing, Latency and Jitter for the Use Cases

Use Case/Requirements Slicing Latency Jitter
Sensors installed on 
mobile barges (mMTC) Important Not important Important

HoloLenses– AR and video 
streaming (eMBB) Important Very important Occasionally 

acceptable

Traffic Light (URLLC) Very important 
(slice isolation) Very important Important

Source: Excerpts from 5G Smart Sea Port: Hamburg Authority – Nokia White Paper 13

b. Port of Livorno14

Similar to the drivers and initiative above, Port of Livorno also undertook a 5G test bed 
implementation since 2015. The port has established an innovation lab with Italian 
Interuniversity Consortium for Telecommunication (CNIT), Ericsson Research, Italy and has 
attracted public and private players to test and invest in it.

Figure 3: Processes Handled at Port of Livorno (Excerpted from the report  
Port of the Future15)

Ericsson, in partnership with ifm, carried out a research project to identify key applications that 
could be beneficial for the smart port. Five use cases, also considered as the most important 
and relevant cases for NPN over the port operation chain for containers were identified as 
potential starting points. These were:

13  5G Smart Sea Port: Hamburg Authority – Nokia White Paper https://www.hamburg-port-authority.de/de/themenseiten/
giganetz-5g-monarch

14  Report report Port of the future available on https://www.ericsson.com/4a0630/assets/local/cases/customercases/2020/
ericsson_portofthefuture_report.pdf

15 https://www.ericsson.com/4a0630/assets/local/cases/customercases/2020/ericsson_portofthefuture_report.pdf
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i. Remote-controlled ship-to-shore cranes

ii. Automated rubber-tyred gantry cranes (ATGC)

iii. Automated guided vehicles (AGV)

iv. Condition monitoring

v. Drones for surveillance and deliveries.

To assess the net economic, social, and environmental value, data from implementation 
(from deployment until operational steady state) at various ports was collected and analyzed. 
Each of the key application was analysed in terms of its incremental value (Appendix 3).16

i. Remote-controlled ship-to-shore cranes
Significant savings come from increased revenues from reduced downtime and improved 
productivity due to system benefits. Other benefits include reduced cost of operator labour 
and reduction in efforts from checkers. 

ii. Automated rubber-tyred gantry cranes
Significant savings come from reduced cost of operator labour and system benefits. 

iii. Automated guided vehicles
Significant savings come from reduced costs for operator labour and system benefits as 
above.

iv. Condition monitoring
Significant savings come from reduction in maintenance labour and monitoring.

v. Drones for surveillance and deliveries
Significant savings come from reduction in cost of security labour.

The test bed implementation showed not only substantial economic benefit but also 
considerable savings in fuel due to more efficient turnaround of ships at anchor, reduced 
berthing time and more efficient operation of ship to shore cranes, forklift cranes, automated 
guided vehicles, condition monitoring and drone surveillance. The 5G implementation for 
one terminal operation at the Port of Livorno showed a nearly 8.2% reduction in carbon-di-
oxide emissions. 

The operational economic benefit analysis for 5G was analysed on the following dimensions:

a. Faster ship turnaround at the quay, showing benefits to shipping companies (20-25% 
reduction in berthing time).

b. Faster freight release through port gates, implying lower costs for haulers at the terminals 
due to more precise detection and freight handling.

c. Remote controlled gantry and quay cranes efficiencies leading to efficiencies for terminal 
operators (Port of the Future Report).

Thus, overall benefit is the reduction of operational time and quantifiable increase in the 
efficiencies of the port, besides adding to worker safety and reduction in environmental 
emissions.

16  “Steady state means the use case is fully deployed, so the full benefits are activated, and only the operational costs are 
active (no additional CAPEX-investments).

 Net value is the value after subtracting all costs from the value of the benefits, i.e. the real” savings”.



NON-PUBLIC 5G NETWORKS IN INDIA: POLICY, REGULATORY AND SECTOR PERSPECTIVE 21

Table 5: Results of Qualitative Analysis of Some of Port Livorno  
5G Enabled Operations

Port Process Focus Area Attributes of 5G Leveraged Benefits Enabled by 5G

Container 
terminal 
operations

Automation Remotely controlled quay cranes 
(URLLC, mMTC)

Lower vessel completion time, improved 
personnel safety, fewer human mistakes 
and operational inefficiencies, and 
working profile upgrade

Transport and 
logistics

Connected/smart ship with 
augmented navigation 
information, predictive 
maintenance for on-field 
machinery (cranes, forklifts, 
stackers and trucks)

Improved security/safety during 
navigation, new business models, 
increased number of stakeholders 
involved in data exchange and reduced 
maintenance costs, CO2 and power 
consumption

Environmental 
sustainability 
and personnel 
safety

Personnel and environmental 
monitoring with potential 
critical and dangerous situations 
identification (URLLC, mMTC, 
network slicing)

Less exposure to polluting agents for on-
field personnel, CO2 and environmental 
impact reduction

Source: Excerpts from the report Port of the Future17

Putting It All Together
Ericsson has generalized the findings from various testbed implementations to generate 
some representative assessment for similar ports anywhere by developing a “calculator”, 
essentially a model that captures the empirical benefits based on representative values of 
size of the port, revenues, throughput, and operating margin. The ranges within which the 
calculator values are most effective are:

•	 Baseline port is a container terminal, represents one of the top 100 container ports in the 
world, approximately, the 50th largest.

•	 Throughput of approximately 4 million TEUs (twenty-foot equivalent unit) per year. 

•	 It generates roughly $400 million in revenue with an operating margin of around 30%.18

In the following text we analyse the Indian context to assess benefits that NPN may bring.

Analysis for Indian Ports
Ports play an important role in India’s competitiveness and economic growth as nearly 95% 
of the country’s trade by volume and 68% by value is moved through maritime transport. 
There are 12 major ports (those under the central government) and nearly 200 non-major/
intermediate ports, out of which 64 ports are functionally equipped to handle the EXIM cargo. 

Several port operations have been digitalized, to varying levels, leading to an increase in its 
productivity. These include RFID for container tracking, gate automation, RFID based gate 
automation leading to considerable reduced truck turnaround times, mobile container 
scanners, apps to track container carrying vehicles and mobile wallet have been implemented. 
However, there is scope for greater improvement with more integrated applications and 
greater digitalization. For example, in being able to coordinate the truck traffic coming in 
to the port to enable reduction in truck build ups at the port, where the bulk of freight — 
estimated at roughly 85 percent — is handled by road. 

17 https://www.ericsson.com/4a0630/assets/local/cases/customercases/2020/ericsson_portofthefuture_report.pdf

18 ‘Connected port’ report based on research partnership from IFM and Ericsson.
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Jawaharlal Nehru Port Trust

Jawaharlal Nehru Port Trust (JNPT) is the largest major port and container port in India, while 
Mundra is the largest private port. JNPT handles over 55 per cent of India’s container traffic 
and is ranked 24th among global container ports. JNPT has a capacity of 4.7 million twenty-
foot equivalent units (TEU). It is a pioneer in involving private sector participation in major 
ports and operates under a landlord model. 

Despite such initiatives and great improvements in productivity, JNPT faces competition 
from both private Indian and foreign ports. It continues to face pressures to handle higher 
throughput, adapt to larger and more specialized vessels, improve productivity, and adopt 
new technology and information systems that can meet the increasingly demanding service 
standards expected by shippers, logistics companies and shipping operators. 

A benchmarking study “SAGARMALA: Master Plan for Jawaharlal Nehru Port”19 indicated a 
number of initiatives including IT based planning support for dual cycling of quay cranes, 
more efficient yard side planning for the smooth flow of trucks for both import and export 
cargo, improvement in crane productivity, reduction in manual operations and greater 
automation as some activities that could increase productivity of JNPT port.

It is in this context that NPN implementation could enhance JNPT’s competitiveness. In the 
following analysis, we estimate the economic value add that could accrue due to NPN. For 
this, we use the Ericsson Port Calculator for assessing NPN benefits for the five use cases 
(Appendix 3), implemented at different levels of automation. Along with the specification 
of the applicable use case, the Ericsson Port Calculator when applied to any port takes into 
account the revenue, traffic, margins and area of the port.

The parameters of JNPT for the revenue, traffic, margins and area are close to the 
benchmark values for the Ericsson Port Calculator (Table 6).

Table 6: Baseline and JNPT Parameters

Parameters (1) Units (2) Ericsson Baseline Port (3) JNPT Port20(4)

Port Ranking   A container terminal that is around 
the 50th  largest in the world.

Ranked 33rd in the list of top 100 
container ports globally.

Revenue mn USD 400 261
Area km2 10 3.521

Throughput Mn TEUs/year 4 4.7
Margin % 30 30 (Assumed)

Source: Column 3-Based on Ericsson’s Connected Port Report 22 
Column 4-JNPT http://www.jnport.gov.in/

19  McKinsey & Company, in consortium with AECOM provided to provide fact-based analysis and insights in form of report to 
Ministry of Shipping / Indian Ports Association available at http://sagarmala.gov.in/sites/default/files/20161222_Sagarmala_
final%20report_volume%2004.pdf 

20  Available on https://www.devex.com/organizations/jawaharlal-nehru-port-trust-jnpt-122170#:~:text=The%20total%20
land%20area%20in,maritime%20requirements%20of%20the%20country.

21  As per the IIMA working paper “Enhancing Port Performance: A Case of Jawaharlal Nehru Port Trust “
 Current working area of JNPT is 261.41 hectare, but the usage yard area is around 350 hectares on full commencement.

22  Based on Ericsson’s  Connected Port Report available on https://www.ericsson.com/en/internet-of-things/audience-page/
measure-ports-productivity
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Table 7: Estimated RoI for JNPT with Implementation of Five Use Cases of NPN

Five Use Cases for JNPT 

RoI (%)

Individual 
Implementation

All Five Use Cases 
Implemented Together

Automated RTG cranes 53

156

Remote control of ship-to-shore cranes 58

Cellular connected AGVs 98

Condition monitoring 138

Drones for surveillance and deliveries 93

Source: The Smart Ports Value Calculator23

NPN implementation at JNPT has ROI ranges from 53% - 138% with the highest value 
for condition monitoring (138%), followed by cellular connected AGVs (98%) and drones 
for surveillance (93%). Thus, NPN implementation has very short payback periods, 
making them an attractive investment area.

Figure 4: Integrated Implementation of Five Cases at JNPT Port

Source: The Smart Ports Value Calculator

23 Available at https://www.ericsson.com/en/internet-of-things/audience-page/measure-ports-productivity
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Source: The Smart Ports Value Calculator24

Chennai Port
Chennai port is India’s second largest public sector container port. The port currently handles 
3 million TEUs and with the ongoing commission of third mega container terminal, traffic 
handling capacity will go up to 8 million TEUs.

We analysed data for Chennai port container operation from 2018-19 and 2019-20 to assess 
the economic benefits of a possible NPN implementation25. The raw data related to ship 
operations at Chennai port included ship arrival time, anchorage, berth start time, service 
start and end time, and allied data for all ship arrivals for the above period. 

Analysis of the idle berthing time showed that on an average this was nearly 5 hours (4 hours, 
54 minutes). Better planning and higher automation as is done in leading ports could easily 
reduce this to around 30 min to an hour. The average ship charter costs for 24 hours were nearly 
$10,000 over this period26. Reduction in idle berthing time could mean 15-20% saving on this 
daily charter costs to ship operators for each arrival or departure at Chennai port. Considering 
the corresponding reduction in fuel consumption (and hence costs) and consequent 
benefits to the environment, the payoffs are economically higher and environmentally more 
sustainable. Such savings for ship operators could make the port attractive and enhance its 
competitiveness. From a public sector perspective, increase in environment sustainability is 
important. Table 8 gives the Chennai port details vis-à-vis the baseline port.

Table 8: Baseline and Chennai Port Parameters

Parameters (1) Units (2) Ericsson Baseline Port (3) Chennai Port (4)

Revenue mn USD 400 103

Area km2 10 23.74
Throughput Mn TEUs/year 4 3
Margin % 30 30 (Assumed)

Source: Column 3-Based on Ericsson’s Connected Port Report 27 
Column 4-Chennai Port28

24 Available at https://www.ericsson.com/en/internet-of-things/audience-page/measure-ports-productivity

25 Grateful thanks to Captain Y Sharma for sharing the data and helping with understanding operational issues.

26  Shipping Intelligence Weekly Issue No 1447, dated 27 Aug 2021, page 7 available on paid access at https://www.crsl.com/
acatalog/shipping-intelligence-weekly.html

27   Based on Ericsson’s  Connected Port Report available on https://www.ericsson.com/en/internet-of-things/audience-page/
measure-ports-productivity

28  https://www.chennaiport.gov.in/content/performance-indicators
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Table 9: Estimated RoI for Chennai Port with Implementation of  
Five Use Cases of NPN

Use Cases

RoI (%)
Individual 

Implementation
All Five Cases Implemented 

Together

Automated RTG cranes 39

118
Remote control of ship-to-shore cranes 31
Cellular connected AGVs 76
Condition monitoring 50
Drones for surveillance and deliveries 41

Source: The Smart Ports Value Calculator29

NPN implementation at Chennai Port has RoI ranging from 31% - 76% with the highest value 
for cellular connected AGVs (76%), followed by condition monitoring (50%), and drones for 
surveillance (41%). We take these values with some caution as the parameters for Chennai 
port were outside the range indicated in the Ericsson port calculator framework.

Figure 5: Integrated Implementation of Five Cases at Chennai Port

Source: The Smart Ports Value Calculator

Source: The Smart Ports Value Calculator

29 Available at https://www.ericsson.com/en/internet-of-things/audience-page/measure-ports-productivity
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Smart Factory

The manufacturing sector is in a state of flux as new automation tools, Internet, AI, robots, ML 
create disruption in the entire manufacturing value chain. The need to adopt environmentally 
sustainable processes while focusing on worker safety are important concerns. With an 
increasing focus on customer-oriented products and enhanced competition, companies are 
looking for a competitive edge through greater automation and digitalization. Autonomous 
robots, working independently or in a collaborative mode, using AR for training and asset 
condition monitoring are important use cases in this scenario. NPN facilitates these use 
cases. Similar to the logic used for smart ports, smart factories find the current mobile, Wi-
Fi and Fixed connectivity limiting. It is in this context that NPN opens up the possibility of 
implementing the use cases above for more effective management.

As a part of research on the most value-adding use cases in the manufacturing industry, Ericsson, 
Arthur D. Little and Hexagon30 developed models of economic, social and environmental 
value based on KPIs from actual factories that supply parts to automotive manufacturing 
units. For each of the possible use cases of NPN, the incremental value generated by each 
use case independently and jointly was used. The model develops a calculator based on a 
“standard” factory. For specified values of revenues, products manufactured, area, number of 
employees, the calculator/model comes out with the possible RoI for the selected use case.31 
The use cases take into account - the reduction in environmental emissions, worker safety 
and economic benefit arising out of increased productivity, increased quality orientation and 
lower human intervention. The RoI is based on reaching an operational steady state. The 
model is based on a mid-sized automotive factory with $100 million USD in revenue, around 
500 employees and a gross profit of 10%.

We use the above calculator for the Indian automotive sector. In this case, we are assuming 
that the vehicle manufacturing unit also manufactures parts.

The Ericsson report32considers the following:

•	 “Autonomous mobile robots (AMR) for real-time production chain automation 

•	 Collaborative robots for more efficient operations 

•	 Augmented Reality (AR) for efficient quality inspections 

•	 Asset condition monitoring for increased uptime 

•	 Digital twins for optimized operations”

The details of these use cases are in Appendix 4.

30 A provider of sensor, software and autonomous solutions for applications including discrete manufacturing

31  The incremental value from each use case is aggregated to a total benefit for a standard factory. The overall analysis and 
output values are thoroughly validated with Hexagon and other experts.

32  https://www.ericsson.com/assets/local/internet-of-things/docs/connected-manufacturing-report.pdf?_
ga=2.208141522.1154190197.1634725625-1451284321.1626256069
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Ola Electric Mobility Private Ltd

We have taken the case of Ola Electric Mobility Factory, which is proposed to be the state-of-the 
art facility in Kishangiri, Tamil Nadu. From August 15, 2021, around 2 million units production 
is planned with 540 employees and estimated revenue of $178.2 million for the year. However, 
currently the mega factory is under construction and is working at 10% capacity.

 Table 10: Baseline and Ola Electric Mobility Factory Parameters

Parameters (1) Units (2) Smart Factory33(3) Ola Electric Mobility Pvt. Ltd.34 (4)

Basic Info A mid-sized automotive factory A mid-sized automotive factory 

Revenue mn USD 100  178

Size of factory m2 3000 41000

Output/year products 1,000,000 2,000,000

Employees FTE 500 540

Source: Column 3- Based on Connected Manufacturing Report 35 
 Column 4- Based on Ola Electric Mobility Pvt. Ltd., Financial data

Table 11: Estimated RoI for Ola Electric Mobility with Implementation of Five 
Uses Cases of NPN

Five Use Cases
RoI (%)

Individual 
Implementation

All Five Cases 
Implemented Together

Autonomous Mobile Robots 139

231

Collaborative Robots 131

AR Inspection & Support 157

Asset Condition Monitoring 309

Digital Twin -100

Source: The Smart Manufacturing Value Calculator36

The RoI is very significant at 231% and shows a payback period of three years after five years. All 
use cases should pay for themselves in three to five years, and if all five are deployed together, 
payback within two years. The highest RoI is for asset condition monitoring (309%) followed 
by AR inspection and support (157%). Autonomous mobile robots (139%) and collaborative 
robots (131%) also have significant values. 

Caveat: The values for revenues, area and products considered in the Ola Electric Mobility, 
case are very far from the “standard” factory values specified in the smart factory calculator. 
Hence, these values must be taken with caution. Further, the model is based on a European 
context, so its relevance to India may be questioned. However, the reason this model is used 
in this report is to indicate how similar studies could be done in the Indian case. The value 

33 https://www.ericsson.com/en/internet-of-things/audience-page/measure-manufacturing-productivity

34 https://growjo.com/company/Ola_Electric_Mobility_Pvt._Ltd.

35  https://www.ericsson.com/assets/local/internet-of-things/docs/connected-manufacturing-report.pdf?_
ga=2.208141522.1154190197.1634725625-1451284321.1626256069

36 https://www.ericsson.com/en/internet-of-things/audience-page/measure-manufacturing-productivity
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of such studies is in indicating the priorities for NPN use cases. Since NPN has not been 
implemented in India, it was not possible to develop any empirical model for our context.

Figure 6: Integrated Implementation of Five Cases at  
Ola Electric Manufacturing Facility

Source: The Smart Manufacturing Value Calculator
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For the Indian case, we consider the TVS two-wheeler manufacturing example. TVS has three 
national and one international factory location for their two-wheeler manufacturing. We 
consider the case when NPN is implemented in a single location. 

Table 12: Baseline and Factory Parameters

Parameters (1) Units (2) Smart Factory37(3) TVS Motor38 (4)

Basic Info   A mid-sized 
automotive factory

A mid-sized automotive 
factory in a single location 

Revenue mn USD 100  700

Size of factory m2 3000 72000

Output/year products 1000000 75000

Employees FTE 500 880

Source: Column 3- Based on Connected Manufacturing Report 39 
Column 4 - Based on TVS Motor Annual report 2020-2140

Table 13: Estimated RoI for TVS Motor with Implementation of  
Five Uses Cases of NPN

Five Use Cases
RoI (%)

Individual 
Implementation

All Five Cases 
Implemented Together

Autonomous Mobile Robots 176

193
Collaborative Robots 326
AR Inspection & Support 319
Asset Condition Monitoring 103
Digital Twin -36

Source: The Smart Manufacturing Value Calculator41

The RoI is very significant and shows a payback period of two years after five years. The 
highest RoI 326% is for collaborative robots (326%) and AR inspection and support (319%), 
followed by autonomous mobile robots (176%) and asset condition monitoring (103%). All use 
cases should pay for themselves in three to five years, and if all five are deployed together, 
payback within two years.

37 https://www.ericsson.com/en/internet-of-things/audience-page/measure-manufacturing-productivity

38 https://www.tvsmotor.com/en/About-Us/Overview

39  https://www.ericsson.com/assets/local/internet-of-things/docs/connected-manufacturing-report.pdf?_
ga=2.208141522.1154190197.1634725625-1451284321.1626256069

40 Available on https://www.tvsmotor.com/api/InvestorDownloadData?ItemId=fce3826c-b6e8-4b66-a7e7-13c7ec070cbe

41 https://www.ericsson.com/en/internet-of-things/audience-page/measure-manufacturing-productivity
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Figure 7: Integrated Implementation of Five Cases at  
TVS Motor Manufacturing Facility

Source: The Smart Manufacturing Value Calculator

Caveat: The values considered in the TVS case are very far from the “standard” factory values 
specified in the smart factory calculator. Hence, these values must be taken with caution. 
Further, the model is based on a European context, so its relevance to India may be questioned. 
However, the reason this model is used in this report is to indicate how similar studies could 
be done in the Indian case. The value of such studies is in indicating the priorities for NPN 
use cases. Since NPN has not been implemented in India, it was not possible to develop any 
empirical model for our context.
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Analysis and Recommendation
1. Early availability of spectrum for 5G and NPN is necessary for enterprises to become more 

competitive. The deployment of NPN would require an appropriate regulatory regime to 
be designed as while earlier generations of telecom services licensed spectrum to TSPs, 
NPN may require regulators to include enterprises. License conditions such as duration of 
licenses and prices may need to be more flexible and innovative.

Early licensing models for NPN deployments indicate an administrative price based on 
amount of spectrum, geographical area and duration seem to work. Further, use-it-or-
lose-it models to encourage industries to deploy NPN in an accelerated manner would be 
useful. Technology neutrality is an important characteristic of these licenses.

2. Earlier spectrum licenses were exclusively awarded to telcos. NPN would require development 
of frameworks for shared license access between telcos and/or enterprises. There is a need 
to develop appropriate regulatory framework for allocation and sharing of spectrum to/
with enterprises, for a user/telco led NPN deployment model. Thus, early development of 
regulatory and technology models for Licensed Shared Access would be critical.

So far, the role of telcos was limited to rolling out networks and devising innovative 
marketing strategies. NPNs will entail them to devise end-to-end solutions for enterprises 
as they roll out domain specific applications that could create new non-linear revenue 
channels for telcos. These could address telcos’ concern regarding sharing spectrum with 
enterprises. Service providers (telcos and vendors) will need to address the specific network 
requirements and SLAs. This may require upgradation of technical skills. 

3. NPNs challenge enterprises to devise new business models with innovative services. On the 
other hand, NPNs would create opportunities for revenue generation from the consequent 
new business opportunities for both telcos and enterprises. Enterprises would also require 
new kinds of network capabilities, especially regarding the network requirements for their 
domain specific applications (such as latency, bandwidth). Organizations would need to 
ensure that their NPNs comply not only with their own security and user administration 
aspects but also with the 3GPP framework. 

4. Unlicensing of spectrum is required as several use cases for 5G are driven by the propagation 
characteristics and device ecosystem in the unlicensed bands. Further, making adequate 
spectrum available in other licensed bands requires central coordination across other 
government departments/ministries such as Space and Defence that are currently using 
the identified 5G bands. Similarly, new unlicensed spectrum bands viz. 6 GHz and also 
60 GHz (V band) need to be opened up to help unleash next-gen Wi-Fi technologies viz. 
Wi-Fi6/Wi-Fi6E and Wi-Fi7, which can complement 5G. The coordination should be done 
taking into account the experience of other countries that had similar situations and on the 
basis of co-existence studies carried out in India. Further, NPNs would require developing 
domain specific use cases and hence coordination with regulatory/standards bodies in 
those domains is of utmost importance.

5. Pilot NPN testbeds in the port sector and manufacturing in Europe have shown significant 
positive outcomes, both from a financial and sustainability perspective.

6. The Ericsson Smart Port model for JNPT shows significant values for RoI for NPN roll out. 
These range from 53% - 138% with the highest value for condition monitoring (138%), followed 
by cellular connected AGVs (98%) and drones for surveillance (93%). For the Chennai Port it 
shows substantial RoI ranging from 31% - 76% with the highest value for cellular connected 
AGVs (76%), followed by condition monitoring (50%) and drones for surveillance (41%).
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The Ericsson Smart Factory model for Ola Electric Mobility Pvt. Ltd. shows high RoI range 
from 131% - 309% with highest value for asset condition monitoring (309%) followed by AR 
inspection and support (157%), autonomous mobile robots (139%) and collaborative robots 
(131%). For the TVS Motor Manufacturing facility, it shows considerable RoI range from 103% 
- 326% for collaborative robots (326%) and AR inspection and support (319%), followed by 
autonomous mobile robots (176%) and asset condition monitoring (103%).

7. Using the model could help prioritize the NPN deployment sequence among the five use 
cases considered. Hamburg Port has considered other use cases. Indian ports would need 
to do an in-depth analysis regarding priority for sequencing NPN deployment.

8. A collaborative approach between academia, service providers, user industry, vendors and 
most importantly adequate funding support from the government is necessary. Identifying 
focus areas of testbed implementation in real life contexts as was done in the COREALIS 
project is important to influence industry and policy makers regarding adoption of NPN.

In the Indian context, the DoT has supported the creation of 5G testbed in India through 
a network of IITH, IITM, IITB and IITD. However, this support is limited to the availability 
of hardware and software for testing. What is required for an NPN implementation as a 
pilot in a specific context such as a port, airport, manufacturing enterprise across several 
locations, etc. In Europe, this was done through EU Horizon 2020 program. Several areas 
such as Ports, Smart Manufacturing, etc. were taken up. These involved telcos, network 
integrators, equipment vendor and most importantly, the user organizations.

Application agnostic testbeds as the one implemented in India are critical for vendors, 
equipment providers, telcos and start-ups to test potential 5G deployments in India. But for 
NPN to take off, testbeds would need to be implemented in an enterprise context. This is 
because each enterprise context (port, manufacturing, airport) would have varying needs 
and priorities for bandwidth, reliability, connectivity, latency, etc. Further, even within a 
specific type of enterprise, these needs would vary. For example, for ports with congested 
berths, operating rubber tyred gantry cranes may be more important, while for another, 
condition monitoring could be more important.

Since enterprise context is important for NPN, we suggest that MeitY, in collaboration 
with the industry and academia, prioritises funding for a series of end-to-end pilot test 
bed implementation along several sectors, as suggested above. Along with this, it should 
undertake systematic baseline studies to scientifically be able to establish the value 
addition due to NPN as was done in the COREALIS project.

9. Various models of NPN deployment are possible. Most sustainable will be the ones that 
leverage the inherent unique strengths of the vendors, telcos and the user-industry.

10.  Innovative applications emerging from early NPN deployments could see many ICT 
products/services from India, contributing to Atmanirbhar Bharat. This would also give an 
impetus to the start-ups and could help create a leading position in India in the Internet 
and knowledge/service sector.

11. Both public and private sector enterprises could benefit from NPN deployments. 
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Appendix 1: Use Cases in Rail, Manufacturing and Surveillance

5G Test Bed at Rail Innovation & Development Centre, Melton, UK42

RIDC Melton (formerly known as the Old Dalby Test Track) is a dedicated testing and trialling 
facility for use by Network Rail and the rail industry43.

The 5G Testbeds and Trials programme commissioned Department for Digital, Culture, Media 
& Sports (DCMS) is part of the government’s £740 million National Productivity Investment 
Fund (NPIF) activities, to support the next generation of digital infrastructure, including 5G 
and full fibre broadband.

In November 2017, funding was announced by DCMS to create the 5G rail testbed at the Rail 
Innovation & Development Centre (RIDC) at Melton Mowbray in Leicestershire. 

From May 2019, it was able to support trials and Alpha phase testing, as well as the preparation 
of technologies for early mainline rail Beta testing and infrastructure deployment for 5G 
Testbeds and Trials Program.

42  Excerpts from Report “Innovating for a connected rail future Enabling 5G for rail” available on  https://cdn.networkrail.
co.uk/wp-content/uploads/2019/05/Enabling-5G-for-the-rail.pdf

43 https://uk5g.org/discover/testbeds-and-trials/enabling-5g-rail/
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Use Case in Manufacturing in Taiwan - Compal Electronics 

Compal Electronics, Taiwan is one of the largest original design manufacturers (ODMs). It 
has deployed the Enea 5G MicroCore44 to manage data on its private wireless 5G network 
and enhance its smart manufacturing and Industry 4.0 capabilities in areas such as agritech, 
digital healthcare, robotics and immersive gaming, to utilize 5G technology.

As a part of its manufacturing strategy, Compal Electronics needed to securely authenticate 
and provision various devices, including Virtual Reality (VR) and Augmented Reality (AR) 
headsets over 5G radio and small cells. Using NPN deployment, it leveraged the high 
bandwidth and coverage over a large number of devices.

On the enterprise side, Enea’s 5G MicroCore portfolio includes Unified Data Repository (UDR), 
Unified Data Management (UDM), Authentication Server Function (AUSF) and Mini-Home 
Subscriber Server (HSS). These services are compliant with 3GPP telco standards. Along with 
adherence to telco standards, security was another key consideration for Compal Electronics. 
This demonstrated the need for integrating enterprise side user management and security 
services with 3GPP standards.

Source: https://www.enea.com/globalassets/_for-this-site/enea-5g-microcore-for-private-5g---ebrief-q2-2021.pdf

44  Details available on https://www.enea.com/globalassets/_for-this-site/enea-5g-microcore-for-private-5g---ebrief-q2-2021.
pdf



NON-PUBLIC 5G NETWORKS IN INDIA: POLICY, REGULATORY AND SECTOR PERSPECTIVE 35

Use Case of 5G NPN45 in Surveillance

A use case of NPN for safety surveillance using robots was implemented in Universidade de 
Vigo, Spain. The implementation involved Cisco (provider of the NPN core network, computing 
resources and switches), Telefonica (a major global telco), Securitas (security service provider), 
Alisys (partner of Boston Dynamics in Spain, provider of the robots and the software platform 
for remote control), ZTE (provided the 5G stand-alone radio) and the University as an active 
collaborator in the design and deployment. 

The robots complement the requirement of security services in the university and are remotely 
controlled from a control centre. There are two possible scenarios for support provided by the 
robot. Firstly, it sends several video sequences in real-time with zoom, or thermal/360-degree 
vision and thus extends the physical perceptual capabilities of the human guard. Secondly, 
it pre-inspects the environment for any potential physical risk to the environment. For this 
functionality, low latency and high bandwidth are critical.

Thus, using the technical capabilities characteristic of NPN, a collaborative deployment 
involving all the relevant stakeholders has resulted in an application that augments and 
complements human capabilities. 

45  Europe’s First Private 5G SA Network with Slicing Capabilities Surveillance Use Case available on https://blogs.cisco.com/
sp/europes-first-private-5g-sa-network-with-slicing-capabilities-surveillance-use-case#:%7E:text=In%20Spain%2C%20
5G%20Core%20(5GC,slicing%20in%20a%205G%20infrastructure

https://blogs.cisco.com/sp/europes-first-private-5g-sa-network-with-slicing-capabilities-surveillance-use-case#:%7E:text=In Spain%2C 5G Core (5GC,slicing in a 5G infrastructure
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Appendix 2: Architecture of Hamburg Port Authority 5G Test Bed
One network slice was created for each use case described according to the specific 
requirements of the services and applications of the use case – with all slices using the same 
5G radio infrastructure. Two Nokia Air scale base stations were deployed with one antenna 
each using a 10 MHz FDD carrier at 700 MHz. The antennas were mounted at an elevation 
of 180 above ground on the Hamburg TV tower, in order to guarantee a good coverage of 
the port area. These base stations were then connected to a local data center of Deutsche 
Telekom (“DT”) in Hamburg located about three kilometres from the port, as well as to a 
regional data centre 500 kms away in Nuremberg. The slices requiring low latency rely on the 
local data center, while slices with higher performance but less strict latency requirements 
were deployed at the regional data center. Low latencies of less than 20 milliseconds could 
be achieved in this 5G testbed. Latency results varied according to how close to the edge, the 
data center used is. In any case, the local data center is also important not only to maintain 
low latencies, but also to keep the sensitive data on premise.

Appendix 3: Revenue and RoI Benefits of Various Use Cases for Smart Port
The revenue and RoI benefits come from:

i. Ship to Shore Cranes:

Increased revenue from decreased downtime 37%

Improved productivity due to system benefits 35%

Reduced cost of operator labour 16%

Reduction in efforts from checkers 12%

ii. Automated rubber-tyred gantry cranes

Reduced cost for operator labour 73%

Improved productivity due to system benefits 22%

Reduction in labour and maintenance materials 5%

iii.  Automated guided vehicles

Reduced cost for operator labour 74%

Improved productivity due to system benefits 23%

Decrease in energy costs 3%

iv.  Condition monitoring

Reduction in maintenance labour 53%

Reduction in the cost of monitoring 40%

Decrease in the cost of maintenance materials 7%

v.  Drones for surveillance and deliveries

Reduced cost for security labour 83%

Decrease in offshore deliveries costs 10%

Decrease in insurance premiums 7%
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Appendix 4: Revenue and RoI Benefits of Various Use Cases for Smart Factory46

i. Autonomous Mobile Robots

When conducting quality inspections today, measuring systems are often inflexible and 
stationary. These inspections require a lot of time-consuming manual work. The financial 
benefit reaches about 1.5% of the revenue as yearly steady state net value. The return on 
investment in year five is 50% and payback is less than four years.

Reduced downtime due to route optimization on the floor, 
speeding up material movement

49%

Forklift operators being freed up to do other tasks in the factory 46%

Reduction in rework 3%

Cost for quality inspections decreases as quality improves 2%

ii. Collaborative Robots

Collaborative robots, or cobots, work side by side with operators to conduct manufacturing 
tasks such as operational work, drilling or assembly, as well as automated quality inspections 
of products that are still on the production line. Dedicated cobots need dedicated networks. 
Cobots need to be flexible and easily move throughout the facility, so they can be rearranged 
for multiple purposes. Cobots must connect wirelessly to the facility network, and a 5G-ready 
private cellular network can provide the reliable, low latency connection cobots require. The 
financial benefit of investing in cobots reaches about 1.4% of the revenue as yearly steady 
state net value. The return on investment in year five is 44%. Payback is less than four years. 

More efficient use of labour resources 68%

Decreased downtime 19%

Decreased cost of quality inspections 10%

Fewer quality issues 3%

iii.  AR Inspection & Support

AR devices enable instant support and measurement and can be used by technicians, 
maintenance workers and operators throughout the entire facility. Instructions can be rapidly 
visualized, allowing experts to support on-site personnel remotely.

There are additional benefits of AR within a manufacturing context. For example, because 
service experts can support local inspectors remotely, about half of their travel to appear on-
site can be avoided, reducing the CO2 impact by 50%. The return on investment in AR in year 
five is 68% while payback is less than three years. 

More efficient use of labour resources 46%

Decreased cost of quality inspections 34%

Decreased downtime because diagnostics and 
inspections can be conducted faster 10%

Maintenance labour cost savings 8%

Decreased cost of expert service trips 2%

46  This is excerpted from Report -Connected Manufacturing-A guide to Industry 4.0 transformation with private cellular 
technology
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iv. Asset Condition Monitoring

Automated asset condition monitoring enables manufacturers to optimize maintenance, 
ensuring that facilities do not experience downtime due to insufficient maintenance, nor 
will they invest more time and money than is required to keep equipment running well. 
The financial benefit reaches about 0.8% of the revenue as yearly steady state net value. The 
return on investment in year five is 151% and payback is less than three years.

Decreased downtime 51%

Maintenance material cost savings 36%

More efficient use of labour resources 13%

v. Digital Twin

Optimized production flow 60%

Decreased configuration time 31%

Rework reduction 6%

Decreased downtime 3%

Digital twins enable manufacturers to determine how best to streamline the production 
environment without physically changing any processes.
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