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Abstract—We examine the changes in the commercial model

adopted by the mobile ICT industry, due to the advent of

5G technology. This includes consideration of the challenges

involved in rolling out a new infrastructure, which new mar-

kets this is likely to open up and how this affects partner-

ing decisions. We show that as technology horizons expand,

their degree of overlap increases and previously complimen-

tary technologies may compete with each other, impacting the

size of the addressable market. It is expected that 5G, whilst

supporting its existing markets, will offer additional machine

to machine, low latency and highly reliable services. We con-

sider the synergies and the drivers for adoption for the wider

5G propositions and consider the impetus for more bandwidth

and services and how the new technology impacts selling ap-

proaches. We identify the risks and uncertainties for the net-

work providers and the likely requirements for a sustainable

5G business model and will describe our view of the steps

necessary for a 5G successful outcome.
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1. More than an Evolution

In this paper we will cover the changes in the commer-

cial model adopted by the mobile ICT industry, due to the

advent of 5G technology and the impacts it is likely to

engender.

We will examine the challenges offered in rolling out a new

infrastructure, which new markets this is likely to open up

and how this affects partnering decisions. We will also

show that as technology capabilities expand, their degree of

overlap increases and previously complimentary technolo-

gies can become competition for each other. Competition

is likely to impact the size of the market.

We suggest that 5G will not be just an evolution of 4G

services, supporting its existing markets. The synergies be-

tween 5G and the application space will be examined and

the drivers for adoption identified. We will ask where the

impetus for more bandwidth might come from and how this

will change the way mobile capacity is sold. We will inves-

tigate each of the following main propositions, the last two

of which require strong partner collaboration, and evaluate

the prognosis for their commercial success:

• eMBB, extended massive broadband, representing

the evolutionary path from the existing proposition,

• mMTC, massive machine type communications, de-

livering high density radio services for machine to

machine (M2M) applications,

• URLLC, ultrareliable low latency communications,

fostering improvements in latency and reliability to

allow mission critical applications.

We will examine where the risks and uncertainties for the

networks providers are and the likely requirements for a sus-

tainable 5G business model. We will conclude by present-

ing our view of the steps necessary for a 5G successful

outcome.

2. The Impact

5G is expected to provide a user data rate of up to 100 Mbps

in the downlink direction, an increase in spectral efficiency,

a latency of 1–4 ms, a connection density of up to 1,000,000

devices per km2 and improvements in availability, reliabil-

ity and energy utilization [1]. An increase in capacity of

5G over LTE by a factor of between 1000 and 5000 fold is

anticipated [2], requiring, as a consequence, an increase in

backbone capacity [3].

4G remains the fastest growing network, reaching 5.6 bil-

lion users worldwide by 2022 and consuming 79% of all

mobile data traffic by 2021. The corresponding figures for

5G are 400 million subscribers and 1.5% of traffic [4], [5].

5G is expected to generate opportunities, with a global eco-

nomic impact of 12.3 trillion USD [6], even if the eco-

nomics and ability to monetize the investment remain un-

clear [2].

A low to mid-band 5G network has similar form and cost to

an equally dense 4G implementation. The high bandwidth

deployments delivering high performance rely on networks

that have considerably more node density than LTE [7], [8].

Unless costs fall dramatically, this will challenge most busi-

ness cases [7].

Investments in 5G can be deferred by building on exist-

ing LTE infrastructures. For example, network operator
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EE’s initial UK implementation1 uses 4G to provide the

WAN, signaling and control plane, and the 5G user plane

for data [9]. Deployment of 5G could double network costs,

with a 60% increase in capital expenditures, for standalone

deployments. Simulation of a 5G build-out demonstrated

that around 20% more macro-sites would be needed and

an increase in new small cells equivalent to 100–150% of

existing macro-cells may be required [10].

Network sharing can reduce total cost of ownership by 30%

and the cost of small cell deployments by 50%, as shown

in Fig. 1, while improving network quality, minimizing the

impact of urban works and reducing the level of street fur-

niture [10].

Fig. 1. The impact of network sharing on deployment costs [10].

Software defined networks, which should reduce opera-

tional costs, and network function virtualization, impacting

capital costs, are often cited as a means of reducing deploy-

ment costs. In the short term, the contribution from these

is likely to be significantly less than network sharing.

Network slicing is a virtualization technique offering signif-

icant advantages for mobile network operators (MNOs), al-

lowing them to operate separate virtual infrastructures, with

their own service characteristics across a common physical

network. This allows say the operation of a dedicated net-

work slice for the emergency services or to allow a mobile

virtual network operator (MVNO) to occupy its own net-

work slice. However, there seems to be little quantitative

information showing how much network slicing will con-

tribute to the overall 5G business case.

5G will focus initially on eMBB and as the service matures,

URLLC and mMTC will be added [9]. So far, we have

1In January 2020, following a security review, the UK government lim-

ited the involvement of Huawei to 35% of non-core 5G infrastructure. In

May, the US prevented Huawei from incorporating American technology

in their solutions, undermining Huawei’s supply chain and creating de-

livery uncertainty. A subsequent UK government review has prohibited

UK telecommunications providers from buying new infrastructure from

Huawei and requiring the removal of their equipment from MNO’s 5G

infrastructures by 2027.

considered 5G in terms of its capabilities and managing

the cost of its introduction. We now progress to examine

the role of competition between technologies.

3. Competition Amongst

Communication Technologies

Technology introduction can be commercially hazardous.

For example, ISDN (Integrated Services Digital Network) –

a network supporting digital voice and data services, en-

joyed limited market success, before being displaced by

broadband services for data and more recently SIP (Session

Initiation Protocol) – a method of setting up associations

across IP, mainly used for voice services. Similarly SMDS

(Switched Multimegabit Data Service) and ATM (Asyn-

chronous Transfer Mode) – a high speed connection orien-

tated service, had short commercial lives, yielding the high

speed data space to MPLS (Multiprotocol Label Switch-

ing) – a high speed service optimized for IP.

Even where technologies have been successful, longevity

brings its own issues and many mobile applications still

widely exploit GPRS (General Packet Radio Services) [11],

making it difficult to eliminate the costs associated with the

old technology, to maximize the revenues accruing the new

technology base.

A number of use cases posited for 5G demand high band-

width, but not necessarily mobility, making ultra broadband

services a viable option [12]. Further, wireless LAN capa-

bilities have supported the growth in use of mobile devices,

but can divert traffic away from the mobile network [13].

New Wi-Fi standards (802.11ax, also known as Wi-Fi 6)

support dense M2M environments, improving the average

throughput by a factor of at least four [14]. In the mMTC

area, wireless networks using low power consumption and

unlicensed spectrum also provide competition.

Having discussed a number of cases where the success of

a technology has been impacted by the emergence of alter-

natives and the capabilities of existing technologies, which

are more established, we move onto consider the area of

the market for massive broadband capabilities.

4. The Market For Radio Broadband

(EMBB)

eMBB represents an evolution of the existing mobile mar-

ket place, where we begin our analysis of its commercial

position. Figure 2 shows the existing usage for mobile ser-

vices, with the growth in traffic being driven by video.

How much of the new value generated by 5G will flow to

mobile network operators (MNOs) is uncertain. As LTE

evolved, MNOs experienced rapid traffic growth from over-

the-top providers video and declining average revenue per

user due to intense price competition. Ultimately, wireless

carriers have focused on lower cost per bit to fend off the

risk of falling behind competitors [15].
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Fig. 2. Expected connection speeds and usage for mobile net-

works going forward [5].

Fig. 3. UK mobile network traffic volumes [16].

As an example, Ofcom report that in the UK the average

monthly data use per residential fixed broadband connec-

tion and per mobile SIM increased in 2017 by over 40%, to

190 GB and 1.9 GB respectively [16]. The Ofcom derived

figures for mobile network traffic volumes as a function of

time are shown in Fig. 3. Figure 4 clearly shows that whilst

data growth is expected to support revenue increase, rev-

enue accumulation lags traffic growth, and this situation,

together with changes in tariffing strategies from prepaid

approaches to pay-monthly services, are characteristic of

a mature market, where costs are imperative and much dif-

ferentiation comes from creative tariffing. It is expected

that this pattern of revenue growth is typical of most EU

countries despite the rapid growth in subscribers and higher

data volumes seen across the world [15].

In addition, we see that in the UK 69% people connected to

Wi-Fi rather than cellular networks from their mobile de-

vices [17]. During the peak commuter time of 5 and 6 pm

Fig. 4. Mobile subscriber and revenue details from the UK [16].

data volumes on cellular networks peaked, while Wi-Fi use

was higher between 6 and 10 pm, transferring more data

over Wi-Fi than on mobile networks [17]. Actually, this

circumstance is not just typical of the UK, because these

observations are consistent with global trends reported else-

where [5].

After this exam of the proposition which forms the base

case for 5G, we move on to consider the segment that serves

machine to machine communications.

5. The Market for Machine

Communications (MMTC)

mMTC offers density of the order of 1000000 nodes per

km2 [1], with an evolution path from 4G services. Cisco

predicts a rapid rise in the number of M2M connections,

but only a third of them connected to a mobile network.

Numbers of mobile network connected and low power wide

area (LPWA) M2M devices appear to be growing rapidly.

Cisco believes that connected home applications are ex-

pected to have the largest share by 2023, but the connected

car will be the fastest growing application [14]. Gartner,

on the other hand, believes that initially outdoor surveil-

lance cameras will be the largest M2M market, but will be

surpassed by connected cars in 2023 [18].

Figure 4 shows the take-up of M2M subscriptions in the

UK, as an example, and Table 1 gives the picture on

a worldwide basis.

Worldwide, smart meters provide an example of an M2M

network where instrumentation, networks and systems

blend to provide a solution. A system integrator leads on

the contract and coordinates delivery, but MNOs provide

only some communications elements of the solution. They

take less of the risk, but the system integrator orches-

trates the opportunity to add value in terms of additional

services. Most smart meter solutions use mixed technolo-

gies, including 2G mobile, multipoint radio and power line

technology, with systems integration being performed by
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a power distribution company in Italy and an indepen-

dent integrator in the UK. MNOs therefore need to modify

their view of the market and their commercial approach,

needing different commercial skills and approaches to

partnership [11].

Table 1

M2M projected connections [14]

Technology
Billions Billions

(total values shown)
connections connections CAGR

in 2018 in 2023

Networked M2M devices 5.90 14.70 19%

M2M devices connected 1.14 4.45 31.0%

to a mobile network

Smartphones connected 4.05 5.37 5.8%

to a mobile network

LWPA connections 0.22 1.88 530%

Mobile connections 5.10 5.70 2.0%

Low power wide area networks (LPWA) supports M2M ap-

plications requiring low bandwidth, wide geographic cov-

erage and low power consumption, module and connec-

tivity costs, addressing needs that cellular networks cannot

meet by themselves. LPWA will grow from 2.5% of M2M

connections in 2018 to 13% by 2023, from 223 million to

1.9 billion globally [14] and is expected to compete fiercely

with 5G.

LoRaWAN is a proprietary LPWA solution, uses unlicensed

spectrum (868 MHz) and is limited to a transmission power

of 25 mW or less. It permits the installation of a gate-

way at arbitrary points not governed by installation and

regulations issues. LoRaWAN solutions have been used to

monitor traffic flows, view pedestrian crossings and, as an

example, Thames Water in the UK has considered them

for their smart meters. Such networks are suitable only for

small data packets, unsuitable for mission critical appli-

cations and support devices whose batteries need to last

many years.

5G technologies can support a range of smart city sce-

narios as demonstrated by the 2019 FITCE congress [19],

which included papers on autonomous vehicles and vir-

tual reality (VR) enhanced tourism, fiber to the antenna,

fiber based and 5G costs models for smart city applications

and the costs and benefits of deploying 5G enabled light

poles. Work has also been performed to investigate the po-

tential, economically sustainable, business models for 5G

and network slicing. Although smart cities are a key ap-

plication, local authorities are unsure of the requirements

and their supporting business cases, creating a barrier to

deployment [20].

Whilst the machine to machine segment is an evolution of

the 4G standards, ultra-reliable low latency communication

(URLLC) is not, and represents a number of challenges

which are covered in the next section of the paper.

6. The Market for Low Latency

Communications (URLLC)

The expected latency delay for eMBB is 10 ms [3], although

the target is set at 4 ms [1]. To meet the sub 1 ms require-

ment [1] for URLLC, performance targets of 0.3 ms device

processing, 0.1 ms delay each way across the radio net-

work and 0.5 ms within the core network are needed [21],

as illustrated in Fig. 5.

Fig. 5. URLLC latency requirements.

This requirement for coverage of a small area and the use of

a high frequency radio interface is commercially challeng-

ing and a private network or hybrid solution may be more

effective than the MNO network. For example, surgical ap-

plications are unlikely to be remote, but take the form of

microsurgery within a hospital, using radio to replace deli-

cate cable connections [22]. Industrial use is another use

case, where private 5G networks connecting to the public

networks could be used. Such use cases may use multiple

providers [14].

URLLC will support augmented reality (AR), virtual real-

ity (VR), edge computing and autonomous vehicles [23],

but these technologies have not so far achieved significant

market penetration. It is believed that immersive multime-

dia environments have high market potential, with gaming

being a key focus. Edge computing has yet to be defined in

detail [22] and in some cases MVNO may add operational

complexity by requesting that devices under their control

are included in an MNO’s infrastructure.

Connected cars may not need 5G, but will be able to use

its enhancements and autonomous vehicles may require

it [24].

We now move onto make an overview assessment of the

5G market place.

7. Market Analysis

The Braudel rule states that “freedom becomes value when

it changes the limits of the possible in the structures of

everyday life” [25]. We now look at the three key appli-

cation areas (eMBB, mMTC, URLLC) in turn and identify
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which factors allow that application to meet the require-

ments of Braudel’s rule.

The growth in mobile traffic appears to have been driven,

historically, by a killer application, as shown in Table 2.

Table 2

The mobile generations and their associated

killer applications

Generation Killer application Year launched

Analog Mobile business voice 1986

2G SMS and consumer mobility 1992

3G Smartphone and data 2003

4G Video and OTT applications 2012

5G ? 2019

Figure 6 shows the growth in smartphone sales which be-

gins when 3G provided the highest data speeds and contin-

ued to accelerate with the introduction of 4G, levelling off

before 4G became the dominant mobile technology. This

Cisco estimate to be between 2019 and 2020 [5].

Fig. 6. The saturating smartphone market [26].

As a further example of a situation that is common in other

European countries, plotting Ofcom produced figures for

data volumes in the UK. This is expected to be typical for

the EU) [16] against the revenues of Facebook [27] and

Netflix [28]. We see, as shown in Fig. 7, a linear relation-

ship consistent with a link between growth in mobile data

and the development of video based, over-the-top provider

(OTT), services.

In a recent survey McKinsey found that the majority

of chief technology officers (CTO) see enhanced mobile

broadband (eMBB) and the Internet of Things (IoT) as the

most significant applications for 5G. The uncertain eco-

nomics of 5G are encouraging the evaluation of alternative

business models, which will need investment in operational

support systems (OSS) and business support systems (BSS),

to provide the required service wrap [29].

The development of business cases, operations and main-

tenance strategies and commercial strategies, significantly

lags strategies for pilots and technology. The business case

Fig. 7. The relationship between mobile data volumes and new

applications media revenues [16], [27], [28].

was the top concern of all European CTOs, contrasting with

11% in North America.

Operators primarily see 5G as an opportunity to estab-

lish network leadership. M2M appears initially not to be

a core objective for 5G, suggesting that the existing M2M

capability is considered sufficient for most use cases [29].

Although URLLC has significant potential, it is not yet

a major area of investment and its applicability is open to

question. European feedback is skeptical about the new use

cases.

Delivering the new use cases is critical dependent on part-

nership, but whilst MNOs are proficient collaborating on

standards, they have been less effective in collaborating

with third parties. Investment in OSS and BSS is also

a concern. However, much of the value of M2M will be

generated from advanced network capabilities, which is the

MNO’s core competence [29].

Exploiting Keen and Mackintosh’s interpretation2 of

Braudel’s view of product adoption yields the concepts pre-

sented in Table 3.

Table 3

Examining the maturity of 5G technology in terms

of Keen and Mackintosh’s matrix

Promise
Chaos Business

and clutter mainstream

Freedom Monitor closely Experiment Make strategic

Convenience Ignore Avoid
Incorporate

selectively

Feature Distrust Retreat
Buy at right

price

No clear
Do not invest Short sell stock

Wish you had

target bought it

eMBB is a mainstream use case, but delivers much more

bandwidth than appears to be required. An average mobile

broadband speed of 43.9 Mbps is envisioned for 2023 [14],

2Keen and Mackintosh matrix is a formal, space-time conceptualiza-

tion that is used to delineate the impact of the analyzed technology, and

a taxonomy of the technology-based applications.
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which is sufficient for ultra high-definition (UHD) video.

Yet 5G speeds will be 13 times higher than this by 2023,

with an average bandwidth of 575 Mbps [5]. The challenge

for the product management function within an MNO is to

identify what will take this from “feature” to “freedom” as

social media/video did for 4G.

The smart meter use case, described earlier, illustrates some

of the pitfalls of the mMTC proposition, which splits be-

tween high bandwidth requirements, e.g. closed circuit tele-

vision (CCTV) and connected cars and low bandwidth and

low power applications (e.g. remote sensors). Some of

the low power applications generate freedoms but have at-

tracted competition from other technologies. Connected

cars appear to be an interesting use-case, but it is unclear

why this need cannot be satisfied by eMBB. To take advan-

tage of this, as a revenue opportunity, MNOs need to work

closely with the motor industry.

On present evidence it would seem that the high bandwidth

case is at the convenience level and low bandwidth at low

power is at the freedom level, but with well-established and

attractive competition. Many applications require integra-

tion into a wider solution and therefore need bringing into

line with a solution’s business.

URLLC is the proposition at the earliest stage of devel-

opment, with some clear technical challenges. This cou-

pled with the role of third parties and private networks

in its delivery make it likely that this will be a complex

and costly proposition to deliver. Most use cases look to

be convenience or feature stage. Automated vehicles look

the nearest to a freedom, but existing developments of in-

vehicle sensors and intelligence, coupled with information

from other vehicles and roadside units, should be capable

of being satisfied with a response time of 10 ms as opposed

to 1 ms.

The games industry is an innovative market place, which

is said to need low latency. The migration is towards mo-

bile and app-based gaming platforms and growth of access

using mobile technology make it demanding of a mobile

platform. Multiplatform games are the most likely to use

VR, which will demand high bandwidth, particularly in its

high definition form. Multiplayer games have strict latency

requirements, with any latency over 75 ms or so causing

players and actions to fall out of synchronization. However,

a 75 ms response time is within current 4G capabilities and

those of eMBB’s. It may be a freedom for 5G but it does

not seem to require URLCC, which is the most uncertain

business area and needs the most development.

8. Conclusions

We have examined the challenges offered in rolling out

a new infrastructure, which new markets are likely to open

and how this affects partnering decisions, showing that as

technology capabilities expand their degree of overlap in-

creases. However, previously complimentary technologies

can become competition for each other, impacting the size

of the market.

Developing 5G successor technologies is likely to be

an expensive business, particularly given the increased

base station densities that the new technology demands.

We reassert the view made by others that network infras-

tructure sharing provides a way of mitigating some of the

costs, but other avenues such as automation need to be

explored.

We believe that the demand for any product is fueled by

customer needs and wants and that there are several tech-

nologies that meet many of the needs addressed by 5G. The

hazardous nature of the route to commercial success is out-

lined with descriptions of several casualties of the invisible

hand of the market.

The massive broadband market is expected to be the

provider of the lion’s share of mobile revenues, but this

market has become price sensitive and much traffic is of-

floaded onto broadband Wi-Fi connections. Whilst the de-

tail of this is expressed in terms of the UK market, we

expect the principles to extend to the rest of Europe.

The evolution of low latency and machine to machine

services was examined, in particular considering the low

power segment of the latter. This is an area where mo-

bile operators face existing, established competition, with

a strong record of having the necessary systems integra-

tion skills. The market for low latency services appears to

be harder to define and refers to supporting technologies

which in themselves are not well established and at present

niche applications.

We attempted to pull the analysis together by distilling

the needs and wants of the market place into Braudel’s

rule, focusing on the impact of the technology on the lim-

its of everyday life. The applications, spurring the growth

across the generations of mobile technology, were un-

clear at the time of technology launch: SMS for 2G, the

smartphone and data for 3G and video and OTT applica-

tions for 4G.

The pressure is on mobile operators to embrace the new op-

portunity and not be left behind technologically, but what

will drive the adoption by end customers? As before this

is not obvious and whilst the new applications identified

by mMTC and URLLC may make a difference, there is no

clear indication that this will be sufficient. As McKinsey

have shown, in Europe at least, business cases are incom-

plete and the biggest worry for operators. A better under-

standing of the likely development of the market is vital

and something it is in the interest of academia, regulators,

adjacent sectors and operators to acquire. Whilst it’s true

that a technologically driven white knight has ridden to the

rescue in the past, it has always squeezed the profits of the

operators in return.

In short, MNO need to understand the priority applica-

tions to focus on. Approaches involving the building of

utility models, partnership analysis and optimization may

be helpful in analyzing through the complexity of the mar-

ket. To summarize, we believe that 5G increases the capa-

bility overlap with terrestrial services and requires further

non-consumer markets to be addressed to generate a sus-
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tainable business model. Both factors require a change in

thinking from the MNO industry, if a successful outcome

is to be achieved.
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