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Important notice

This final report ( t hEinafiReport 0) has been prepared by DBumtfishFuutee LLP (ADel c
Trust ( i S F lhaccordance wit h the contract with them dated 23 January 2019 (Aithe Contracto) and o
basis of the scope and limitations set out below.

The Final Report has been prepared solely for the purposes of presenting the findings of Delo
in relation to the potential economic impact of enhanced digital capability in Scotland as regards wireless
and mobile technologies such as 4G and 5G , as se t out in the Contract. It should not be used for any other

purpose or in any other context, and Deloitte accepts no responsibility for its use in either regard i
including its use by SFT  for decision makin g or reporting to third parties

The Final Report is provided exclusively for SFT6 s  u sder tha terms of the Contract. No party other than
SFT is entitled to rely on the Final Report for any purpose whatsoever and Deloitte accepts no responsibility
or liability or duty of care to any party oth erthan S FT in respect of the Final R eport or any of its contents.

The information contained in the Final Report has been obtained from SFT and third party sources that are
clearly referenced in the appropriate sections of the Final Report. Deloitte has neither sought to

corroborate this information nor to review its overall reasonableness. Further, any results from the

analysis contained in the Final Report are reliant on the information available at the time of writing the

Final Report and should not be relied upon in subsequent periods.

All copyright and other proprietary rights in the Final Report remain the property of Deloitte LLP and any
rights not expressly granted in these terms or in the Contract are reserved.

Any decision to invest, conduct business, enter or exit the markets considered in the Final Report should be

made solely on independent advice and no information in the Final Report should be relied upon in any way

by any third party. This Final Report and its contents do not constitute financial or other professional

advice, and specific advice should be sought about your specific circumstances. In particular, the Final

Report does not constitute a recommendation or endorsement by Deloitte to invest or participate in, exit,
or otherwise use any of the markets or companies referred to in it. To the fullest extent possible, both

Deloitte and SFT disclaim any liability arising out of the use (or non -use) of the Final Report and its

contents, including any action or decis ion taken as a result of such use (or non -use).
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Scotlandds digital potential with enhanced 4G and 5G capability

Executive summary

Wireless connectivity and digitalisation benefit individual users and the wider economy

Enhanced wireless connectivity and digitalisation

AFaster, more ubiquitous and @ .
reliable connectivity SIS ) LB

AHigher usage across more users Alncrease_d efficiency through @ Benefits for the economy
AHigher adoption of key automation, flexible working and

technologies such as cloud, loT, new digital processes AEfficiency and innovation

data analytics and Al Alnnovative new business models increase GDP, with greatest

and products relative impacts in rural areas
AMore inclusive society AHigher exports and tax revenues
ANew use cases boost
competitiveness
This study considers alternative future digitalisatio
Base case \ e Evolution \ a Revolution

o > >
Aln this baseline scenario, AEvolution to faster speeds ARevolutionary 5G networks with

digitalisation in Scotland evolves and wider 4G coverage step -change in performance

only gradually AHigher business adoption of ATransformative use cases drive
ANo material action to extend digital technologies efficiency and innovation

current 4G and 5G capabilities AHowever, the full potential of ADigital divide reduced to a
AThe digital divide persists 5G is unfulfilled minimum

é and esti mat es p o-teenre¢onomitimpact:n g

e Evolution 6 Revolution

. GDP + £6 billion + £17 billion
@ % increase 3.1% 8.3%

tai) Jobs + 60,000 +160,000
Businesses + 1,000 + 3,000

@ Tax revenue + £2.1 billion + £5.7 billion

. @ Exports + £1.2 billion + £3.3 billion

Estimated increases relative to the counterfactual, in 2035

Potential 5G use cases could drive additional social impacts

Inclusion Environment

Digital public services

V £700m gain from wider rural 4G V Reduced consumption from V Preventative healthcare
coverage in Evolution scenario smart heating and automation V Immersive, interactive

V Improved access to healthcare, V Reduced emissions from educational content
education and employment smarter transport V Efficient and highly integrated

V' Support for sustainability of V' Smart energy grids facilitate multimodal transport network
rural communities integration of renewables V Enhanced public safety

Source: Deloitte analysis



Scotlandds digital potential with enhanced 4G and 5G capability

Scottish Futures Trust  ( i S F fias gommissioned Deloitte to undertake an assessment of the
potential economic impact of enhanced digital capability in Scotland as regards wireless and mobile

technologies such as 4G and 5G. This study builds upon a previous study published in 2015 1 and
provides estimates of the economic impact that could be realised for Scotland under different
future scenarios.  To support the analysis  and build upon existing understanding of the future

impact of sucht echnologies, potential 5G use cases are identified in areas that could strengthen
Scotl andds competitiveness and contribute to current areas of i

Superfast fixed broadband is now available to 92% of households in Scotland , while 78% of  the
landmass receives a 4G signal from at least one mobile operator. Improvements in  coverage and
quality of connectivity are translating to changes in consumer and business usage and experience .
Consumers conduct a wide variety of activities online, while more businesses are adopti ng new
technologies to drive efficiency and innovation I such as cloud computing, now used by 38% of
businesses in 2017, compared to 27% in 2014.

Figure 1:Connectivityin ~ Scotland 6 s ur ban a However, reliable access to high -quality
rural areas , 2018 experience and  services is not available to all
& 4G geographic coverage users. The availabi lity of connectivity remains
%}‘ limited in some rural areas, particularly with

regard to 4G coverage ; 63% of rural areas do
not receive a 4G signal from all four mobile

Cév"
§a Superfast broadband availability operators.
,7(’ tfg\% Anecdotal evidence suggests that mobile
SR
p S

P %/; broadband speeds are also significantl y lower in
. ] rural areas, though robust data measuring this
95@?5 Average fixed broadband speed is not available. ~ To some extent , these
D\/ differences r ef |l ect Scotl andés rel atively s
N

population and uneven terrain, which increase
Source: Ofcom Connected Nations reports mobile network dEploymem costs.
Addressing g eographic differences in connectivity can  reduce digital divides , with greater digital
inclusion for older, lower -income consumers or those living in remote areas and wider access to
existing and future digital services . This objective has been the focus of recent S cottish
Government and SFT programmes.

Similarly, there  remains a wide gap in the digital maturity of SMESs relative to large businesses. As
a result, only around 7% of Scottish businesses are estimated to have attained a hig h level of
digital maturity asd  igital c hampions or digital pioneers. 2

The next generation of mobile network technology, 5G, will be deployed in Scotland over the

coming months and years , with both public and private sector activity already underway to support
this . 5G has the potential to offer greater reliability,  much faster download and upload speeds,

higher capacity to ease congestion and accommodate more connected devices or sensors, and

lower la tency, allowing an instant response with virtually no time lag. All of this will ultimately
enhance the user experience and enable new ways of doing things

(2015). O6The ienparcdmi ofaredhancieall di gi talisation in Scotlando

lDeloitte
ish Government (2017). 6Scotlandds Digital Economy Maturity | nde>

2Scott
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5G differs from previous generations in that it is expected to integrate other wireless technologie S,
such as 4G , Wi-Fi and Internet of Things (loT) technologies , as part of flexible networks that can

be optimis ed inreal -time.5G could allow  operators to provide multiple virtual networks using the

same physical infrastructure (known as finetowo pravidealtailozed and reliable service

to different users with different technical requirements.

5G has the potential to support a wide variety of use cases simultaneously across sectors , typically
involving a combination of the following capabilities.

Remote monitoring

Networks of sensors and devices used to Using real -timedata, businesses can
monitor business processes and operations respond more quickly, by intervening
and end -user usage in real time. manually or through automated  processes.

Al and ML analytics
Higher bandwidths and lower latency New uses of data using artificial intelligence
support high -fidelity contentand lag  -free and machine learning  tools.
two -way communications using AR and VR.

Analysis and stakeholder input has identified key sectors of
benefit by building on current and future initiative s, as summarised below.

5G use cases have the potentialto V Current initiatives in Scotland include Fit
drive efficiency and patient engagement, as well as Homes, using in -home sensors to monitor
inclusive access to treat ment patient®eatinanda nuséaf loTtamoailor a n d
remote areas. hospital beds and automate maintenance.

Transportt. 5G connectivity al ong $cAntaltenonds bus trial from Fife to

transport networks could support passenger Edinburgh is planned, and Transport
= productivity and a more integrated, user -friendly Scotland is currently exploring mobility -as-a-
and seamlesstransport system. service as a proof of concept.
5G could support  engaging and tailored V The e -Sgoil programme brings tele  -education
digital content. With adequate connectivity this to the Westemn Isles, though there are no
could be accessed by students anywhere, any time. current initiatives focusing on the role of 5G.
Public services. Added to the above, other public V Initiativesin Glasgow include smart lighting
services in urban areas particularly can benefit from and water management; other cities feature
5G in the context of #Asmart ci inthé Smast E€ities Scetlars programme.
Agriculture and aquaculture. New processes V 5G RuralFirst trials include salmon health
driven by data and connectivity could drive monitoring, autonomous tractors, soil
efficiency, contributing to the long -term analysis using drones and livestock
sustainability of Scotl andds r monidolingthrouglnofmgonnected cow
Immersive content. 5G can support immersive V The Portal AR app, created collaboratively by
content using AR and VR. Scot | @oogled ¥isitSdottamdn,&DI,dTaleni Scodand
creative industries could drive innovation, including and Scotland.org, provides immersive and

through immersive contentin tourism, supporting educational content show
rural and remote communities, or in education. landmarks to users in any location

5G has the potential to V  Public bodies in Scotland are exploring use
drive efficiencies throughout the supply chain and cases such as smart lighting, smart heating
support Sc o t-tadanadbjestivds.o w and smart electric vehicle charging hubs.

Overall, 5G networks can benefit urban areas, where initial deployments are likely to focus, but

also rural and remote areas, where they could facilitate remote access to key services and

contribute to the sustainability of the rural economy . Plans for future 5G de ployment (s) in Scotland
are currently in early stages, with industry, academia and the public sector involved in various

trials and small -scale deployments. At the same time, 4G networks have not yet reached their full
potential and further improvements in 4G connectivity in Scotland can provide an initial platform

for new uses of digital technology even as 5G is still being developed and rolled out

Sc



Scotlandds digital potential with enhanced 4G and 5G capability

Scenarios have been  developed in consultation with SFT to illustrate a range of possible outcome S

for Scotlandb6s digital future. Rreongoiggn pracéss, the scemaxios di gi t al i sati on
look ahead to 2035 and focu s on the role of wireless capability within ~ a wider digital ecosystem. As

such, the scenarios  also capture improved  outcomes in areas that support the potential of wireless

connectivity , such as fixed broadband connectivity, loT, cloud computing and data analytics.

Two scenarios have been developed

1 Evolu tion 7 An improvement of current capabilities and usage, whereby
internet usage and adoption of key technologies increase significantly. The potential of
current technical standards such as 4G is exploited, but the full potential of 5G is not. T wo

variants of this scenario are considered, where 4G geographic coverage reaches 65% and
90% respectively by 2035, 3 with all other assumptions held constant.

1 Revolution 1 A transformative state of the world in which pervasive, high -performance 5G
connectivity is at the heart of a rapid acceleration in digital transformation. Flexible and
reliable networks provide a tailored service enabling a plethora of innovative use cases. The
digital divide is reduced to a minimum and the vast majority of busin esses are able to
leverage new technologies to generate efficiencies and revenue growth opportunities.

Each scenario is expressed in terms of incrementally improved outcomes compared to a base case
scenario that represents how Scotland may evolve based onl y on current trends, in the absence of
further material actions to improve 4G and 5G capabilities, or to accelerate digitalisation more

broadly.

Scenarios are described in more detail in Figure 2 on the next page.

3 This is based on 4G coverage provided by all four mobile network operators
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Figure 2: Summary of scenario specification

° Base case

digital

Business

Public sector

Consumer

Source: Deloitte analysis

potenti al

Modest improvements in
internet service

Improvements
predominantly occur in
urban areas

Household internet
penetration reaches 92%
by 2035

Limited progress in
adoption of key
technologies

Increases mainly in urban
areas and large firms

30% of businesses use loT
by 2035

Many public services
remain fianal ogl

Digital services are mainly
used by younger, higher -
income, urban citizens

55% of citizens use online
public services by 2035

Gradual increases in
adoption and usage

Digital divide persists
across regions and
demographic groups

Online banking adoption
reaches 60% by 2035

with enhanced 4G

s to 2035

and

Material increases in
speed and coverage

Increased 4G coverage
improves service in rural
areas

Household internet
penetration reaches 96%
by 2035

Most businesses adopt
cloud and e -commerce

The digital divide  narrows
but many firms are still
basic users of technology

45% of businesses use loT
by 2035

Improvement in public
sector digitalisation

A wider base of users is
able to benefit from digit  al
public services

70% of citizens use online
public services by 2035

Faster adoption of new
leisure and health devices

A wider base of users
benefits from use of online
services

Online banking adoption
reaches 75% by 2035

capability

6 Revolution

Gigabit speeds become
commonplace

Low latency, high capacity
and reliability unlock new
use cases

Household internet
penetration reaches 99%
by 2035

1 Digital transformation
across sectors

1 New technologies and use
cases are more accessible
to all types of businesses

1 70% of businesses use loT
by 2035

i Ubiquitous digitalisation
across the public sector

i Advanced IoT solutions
create large efficiencies in
public service delivery

1 90% of citizens use online
public services by 2035

1 Consumers use a plethora
of in -home and portable
devices for convenience

T Immersive audio -visual
content is ubiguitous

9 Online banking adoption
reaches 90% by 2035

The scenarios are not intended as forecasts of future digitalisation in Scotland, rather as alternative
-based and do not explicitly consider

views on how digitalisation could evolve. They are outcome

the extent of underlying infrastructure required and the
scenarios assume that the necessary improvements in infrastructure, and other areas such as

digital skills, take place in order for the specified scenario outcomes to

potential costs of this. Effectively the

be realised .
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The economic impact associated with each scenario is estimated based on the framework

summarised in  Figure 3. Key drivers of digitalisation are identified as the volume of usage of online
services and devices, the rate of adoption of key technologies among businesses, and the quality of

service available. These drivers generate benefits for users, including efficiency gains, innovation

and a greater degree  of digital inclusion. Benefits for individual users ultimately lead to economy

wide gains in aggregate.

Figure 3: Economic impact framework

Drivers of digitalisation

Volume of usage

Key technologies

(@)

Broadband and
device adoption;
data usage; time

@

Use of key
technologies such
as cloud, IoT, data

Quality of service

Higher capacity,
speed and
reliability;

\_ spentonine

\analytlcs and Al

/A\

\_ lower latency

Inclusion

Benefits  for users
Efficiency Innovation
Increased Opportunities for
automation and new business
productivity, capex models, improved

\and opex savings )

Macroeconomic
outcomes

GDP

Source: Deloitte analysis

As set out in the report, the estimates of economic impacts

digitalisation and economic outcomes.
Scot | an,diden itecorem chanacteristics

enhance

bringabout st ructur al

in this study.

Consumers and
businesses alike
become more

Uroducts/services )

Businesses

Exports

k connected

J

Tax revenue

draw upon third -party macroeconomic
data and evidence from the existing economic literature that quantifies the linkages between

The analysis considers how increased digitalisation could
.Inthe long -term, technology could
c h an g eesondmy ; I®wavdr | thindyramic effect is not explored
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Economic modelling indicates th at, in the most optimistic case under the Revolution scenario , a
transformative development of 4G and 5G capability as part of an advanced digital ecosystem

could increase Scotl anddbyud®a7 billion by 2035 , relative to the  base case . This
woul d represent a r ehistorical long-rus teod ghowtn rdté of 2%, from the GDP
growth rate of 1.5% otherwise assumed in the base case .*

This compares to a previous estimate th at the potential GDP impact from Scotland becoming a

World Leader in digitalisation could be around £13 billion in 2030. 5 While the two stud ies are not
directly comparable,  the estimated impact for the Revolution scenario indicate s a significant
economic opportunity , notwithstanding recent improvements in Sc ot | adigithigsation

On the other hand, in the more modest Evolution scenario ,an improvement of Sc ot éxiatingd 6 s
wireless and digital capabilit iescoul d i ncr ease CGDP dy LpamEd Bl on by 2035,
relative to the base case . This would represent  an improvement in GDP growth with the annual

growth rate  reaching 1.7% , though still below the historic long -run average growth rate of 2%.

Specifically, the economic impact in the Evolution scenario is estimated in the range of £6.3 billion
to £7 billion in 2035, depending on the level of 4G coverage assumed. In other words, t he impact
of increasing 4G geographic coverage achieved by 2035 T from 65% to 90% T is estimated as

£700 million in 2035, while holding all othe  r Evolution scenario  assumptions constant.

In absolute terms, the GDP impacts are far larger in urban and semi -urban areas than in the rest of
Scotland. However, this simply reflects that urban and semi -urban areas account for the largest
proportion of economic output. In fact, it is rural and remote areas that see the largest

proportionate impact in the most positive scenarios, as enhancements in 4G and 5G capability
narrow the digital divide by allowing consumers and businesses to access superior, transformative

services regardless of the location.

Figure 4:Increase in GDP relative to the base case , as a percentage of base case GDP in 2035

10.9%
10.2% °

8.0% 7.9%

47% 2%
3.1% 3.0% 289 3-3% 3.2% 3.1%
Evolution (65% 4G coverage) Evolution (90% 4G coverage) Revolution
Urban B Semi-urban Rural B Remote rural

Source: Deloitte analysis

In particular, expanding 4G coverage  from 65% to 90%  as part of the Evolution scenario  delivers
an incremental impact mainly in rural areas, addressing current shortcomings that contribute to a

digital divide.  The Revolution scenario  then builds on this by delivering additional benefits to both

urban and rural areas, as adoption of digital technology becomes both more widespread and more
transformative.

4 The base case GDP growth rate is based on third -party projections. No specific assumptions are made in this
study about future macroeconomic shocks.

Deloitte (2015). O0The economic and soci al i mpacts of enhanced

10
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Scotlandds digital potential with enhanced 4G and 5G capability

The estimated GDP impacts are the product of two factors: higher employment due to increased
economic activity and  higher labour productivity due to more efficient ways of working.

In the Revolution scenario |, it is estimated that around 160 ,000 net new jobs would be created by

2035 in the Scottish economy relative to the base case , representing an increase of around 6%
compared to the projected level of employment in 2035. In the Evolution scenario , it is estimated
that 58,000 -68,000 net additiona | jobs could be created by 2035 , representing an increase of

around 2.2 -2.6% compared to the level of employment in the base case

As well as increased total employment , productivity per worker is estimated to increase. In the
Evolution scenario , ann ual productivity per worker increases by a weighted average of £650 by
2035 . In the Revolution scenario , this impact is more than doubled, with a weighted average

increase of £1,600.

Enhanced wireless capability can support the development of a more digitalised society, creating

new demand for digital services across sectors, with opportunities for new business models and

products. Business start  -up costs may also fall due to wider adoption of flexible working practices
and cost -reducing technologies such as cloud computing.

As a result, there is an estimated increase in the number of businesses and growth in export
volumes, both of which are indicative of increased global competitiveness for Scotland.

Figure 5: Incremental annual exports relative Figur e 6: Net n ew businesses created relative to

to base case in 2035 (£ billions ) base case in 2035
3.3
3,100
1.4
1.2 1,100
Evolution (65% Evolution (90% Revolution Evolution Revolution
4G coverage) 4G coverage)

Source: Deloitte  analysis Source: Deloitte analysis
Looking further ahead into the future, indicative economic impacts to 2050 have been estimated
for the Revolution scenario , assuming that digitalisation continues to deliver material incremental
benefits beyond 2035. These estimates are based on a higher level approach than the core 2035

estimates presented in Section 5.2 and do not make any assumptions about specific technological
developments beyond 2035. They are inherently more uncertain and should be interpreted as
indicative.

Based on an extrapolation of the projected annual impacts to 2035 under the Revolution scenario
it is estimated that continued enhancements in 5G capability and use cases could generate up to
A34 billion by 2050, representing a 13% increase

11
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Transformative us

potential with enhanced

and 5G capability

e cases could support a more inclusive and greener society

In addition to economic impacts, enhanced wireless capabilities could also generate positive social

impacts. In summary,

new use cases can

inclusion and wider access to key services and opportunities

such as education, healthcare, transport and energy can enable the delivery of
services whilst minimising negative impacts on the environ

ment.

increase digital participation, leading to greater social
, While specific use cases in sectors
high -quality public

Figure 7: Summary of potential social impacts from enhanced 4G and 5G capability

) Environment

ﬁﬂﬁ Inclusion

) Digital public services

Greater inclusion, equality
and participation,  including
for vulnerable  groups

Wider access to more flexible
employment

Easier access to healthcare,
education and online
shopping

New use cases in agriculture,
aquaculture and tourism
support rural communities

Source: Deloitte analysis

Enhanced connectivity

Reduced consumption from
smart heating and
automation

Automated processes reduce
use of energy and resources

Reduced emissions from
smarter transport ecosystem

Smart energy grids facilitate
integration of renewables

5G enables higher energy
efficiency

can support wider Scottish Government objectives

the Low Carbon  Strategy .5 Specific innovations as set out in

contribute to more efficient energy use and lower emissions. 5G has been link

Preventative healthcare with
greater patient engagement

Immersive and interactive
educational content

Efficient and reliable transport
ecosystem with a high degree
of multimodal integration

Public safety enhanced by
new uses of technology to
respond in emergency or
disaster situations

, for example as setoutin
Figure 8 on the next page can
ed to more efficient

and automated processes, for example in manufacturing, which could reduce use of energy and
resources, while wireless connectivity may be used to support smarter energy grids that are better

suited to integrating renewables and promoti

8 https://wwwz2.gov.scot/resource/doc/331364/0107855.pdf

12

ng new green technologies such as electric vehicles.
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Figure 8: Summary of potential environmental benefits

Buildings

Wireless connectivity can enable sensor -based
smart heating and cooling processes to reduce
consumption, while smart appliances could
automatically coordinate to optimize energy use

Industry
More efficient

Industry

Automated processes in sectors ranging from
manufacturingto agriculture can increase
efficiency, reducing energy and resource usage

and automated
processes

IT systems

Energty gzd Though more connected  devices and sensors
martgrids couldincrease energy  use, 5Gis expected to

supporthigherenergy  efficiency, andrelated

Bui\d'll'\gs . technologiessuchas cloud can reduce emissions
rt heating compared to legacy IT systems
jon
and automatio

Energy grid

A smarter energy grid with wirelessly connected
devices facilitates the integration of renewables

and could allow real  -time optimisation of demand
and supply

Transport

Wireless connectivity reduces the need for travel
and it can support smart traffic management,
CAVsandride -sharing, potentially reducing
congestion

Source: Deloitte analysis of public sources

More generally , improved digital connectivity is key to maximising opportuniti es for remote and
flexible workin g, reducing the need to travel and the associated emissions, as well as potentially
increasing productivity and reducing the digital divide. In this way, enhanced digital connectivity

can contribute to increased economic gr owth and productivity that is both sustainable and

inclusive.

Realising these benefits may require concerted action to overcome barriers
The benefits identified above have been analysed over a timeframe of approximately 15 years,

recognising thatthe  economic benefits from digitalisation are typically realised gradually and can
require long -term commitments by policymakers and industry to address key challenges.

First, benefits  are largely reliant on the availability of adequate connectivity. Improving 4G
coverage and performance, and achieving large -scale 5G deployments, will rely on key enablers
including spectrum access, the availability of underlying fibre infrastructure and the development of
new commercial models  for network deployment and specifi C use cases .

Even where adequate connectivity is available, at present there is still uncertainty about which
particular use cases will have the most transformative impact. Given the nascent state of 5G, use

cases identified to date are largely theoretica | and the business case for these remains unclear.
Further research and collaboration across government, industry and academia i building on current
initiatives such as the 5G RuralFirst programme T is likely to play an important role in establishing

use c ase feasibility and the lik  ely costs and demand involved.
Finally, an accelerated rate of digital transformation may only be achievable by improving

awareness and understanding of 5G and complementary technologies such as cloud computing,
data analyticsa nd Al. Awareness and understanding appear patchy at present, with some

13
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organisations 1 such as SMEs and some local government bodies T potentially at risk of falling
behind the curve.

Given these barriers, concerted action may be required to capitalise on the 5G opportunity 1 as
summarised in the box below

Recent initiatives exploring 5G use cases in Scotland show promise, but are largely limited to

small -scale trials and idiosyncratic applications at present. Several stakeholders are pursuing
different initiatives in isolation, potentially leading to fragmented approaches. Against this

backdrop, Scotland could benefit from:

1 Increased collaboration and knowledge -sharing across stakeholders, bringing together
experience, resources and networks in order to identify key synergies and lessons learned;

1 Holistic thinking to consider the opportunity of seamless 5G connectivity for the benefit of
entire communities, without restricting to individual sectors or use cases;

1 Develo pment of longer -term planning, setting out roles, responsibilities and processes to
convert successful proof  -of-concept trials to large  -scale commercial opportunities; and

1 Measures to increase awareness and understanding of 5G across stakeholders, includin g
local authorities and SMEs, and to provide hands -0n support as necessary.

Key to all use cases is the availability of seamless connectivity, with the underlying fibre
infrastructure extended as far as possible. Appropriate commercial models will be neces sary to
facilitate this:

1 Inurban areas, further exploration of commercial models could support cost effective
net work deployment that makes wuse of | ocal auth

1 Inrural areas, new approaches to infrastructure and sp ectrum sharing may need to be
explored, as well as any innovative technical solutions that can lower costs, working to
continue current public and industry initiatives to address rural coverage.

14
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1 Introduction

Scottish Futures Trust  (SFT) has commissioned Deloitte to undertake an assessment of the
potential economic impact of enhanced digital capability in Scotland as regards wireless and mobile
technologies such as 4G and 5G

The analysis updates and builds on a previous study for SFT of the economic and social impacts of
enhanced digitalisation in Scotland. 7 The previous study  estimate d the potential benefits for
Scotland from achieving World Class or World Leading digitalisation.

The current study specifies outcome -based scenarios showing how different  trajectories for  future
4G and 5G capability coul d af f e c tdigBatoottodka mdréwidely , and in turn generate
economic benefits of varying magnitudes . In relation to 4G capability specifically, the study also
considers the r ole of geographic coverage. Economic modelling is used to estimate the potential

impacts of each scenario across a wide range of metrics.

To complement the quantitative analysis , this study seeks to identify potential 5G use cases T in
other words, specifi ¢ situations where 5G could enable new ways of doing things or otherwise
enhance current approaches. The analysis focuses on areas that build upon Scotland 6s di gi t al

competitiveness and on  current innovation

The study has been informe  d by a review of relevant literature and data sources, as well as input
from industry and public sector stakeholders that was provided to SFT and Deloitte. More detail is
provided in the relevant sections of this report and its appendices.

The specificatio n of scenarios has been based on a set of indicative scenarios provided by SFT and
has been developed in collaboration with SFT. The detailed scenarios set out in this report build

upon these indicative scenarios with more detailed metrics and assumptions. The scenario
specification has been informed by third - party data sources and discussions with stakeholders.

The modelling of economic impacts has been based on a similar framework to that used in the

previous study for SFT, published in 2015. This framewo rk uses third -party economic data and a
range of existing evidence about the drivers of economic impacts in order to estimate how each
scenario could affect Scotlanddbs economy. Updates have been mac

reflects the latest availa  ble data and evidence on key drivers of economic impact.

The discussion of potential 5G use cases has been based on input received from various
stakeholders, as well as previous work in this area by Deloitte 8 and other literature.

The scenari 0s set out in this report are not intended as forecasts of future digitalisation in Scotland,

rather as alternative views on how digitalisation could evolve. They are outcome -based scenarios in
the sense that they do not explicitly consider the supply -side requirements, such as the fibre
infrastructure and spectrum availability that may be needed to support the demand profiles, or the

specific services or activities that consumers and businesses undertake to generate aggregate -level

outcomes. Effectively th e scenarios assume that any necessary improvements in infrastructure,

mi and soci al i mpacts of enhanced digitaldi
0

"Deloitte (2015). 6The econ c
( 18). O6The impacts of mobile broadband and

o
8For example see Deloitte 2
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and other areas such as digital skills, take place in order for the specified scenario outcomes to
materialise.

As set out in Annex C, the estimates of economic impacts are reliant on th ird - party macroeconomic
data and evidence from the existing economic literature that quantifies the linkages between

digitalisation and economic outcomes. The analysis is static in the sense that it does not estimate
potential changes i nlm&tha toulchanist dssa resudt of inaraased digitalisation.

The remainder of the report is structured as follows:

1 Section 2 gives an overview of the current state of digitalisation in Scotland, highlighting
progress made since the previous study and the scope for further improvement ;

1 Section 3 examines the potential new opportunities offered by 5G and the benefits this
could bring across a variety of use cases ;

1 Section 4 sets out different scenarios show ing how digitalisation and 4G and 5G capability
could evolve in Scotland , which will act as the basis for economic modelling ;

1 Section 5 presents the outputs of the economic modelling, showing the potential gains that
could be achieved across these scenarios

1  Section 6 outlines social impacts that could be realised , with specific regard to digital
participation, the quality of public services, and the environment;

1  The annexes provide details on the stakeholders consulted for this study, the original
specifications of the indicative scenarios envisioned by SFT, and the methodology.
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2 Digitalisation in Scotland

Over the past fifteen years, the percentage of Figure 9: Percentage of Scottish households
households in Scotland with an intern et with an internet connection, 2003 -2017
connectio n has more than doubled T from 42% 100
in 2003 to 85% in 2017 I transforming 90
internet usage in Scotland from a peripheral 80
activity for a minority of the population to a 70
ubiquitous part of daily life. 60
50
However, even as internet usage itself 40
becomes widespread , other dimensions of 30
connectivity can still constrain what consumers ig
and businesses are able to do. The speed and ]
reliability of connectivity are key to many use M S OO~ DO A NMmE I O
cases, with  new demand for connectivity that § § § § § § § § § § § § § §
is available anywhere, anytime. _ _
Source: Scottish Government T Scottish Household Survey

Figure 10: Prim ary device fori nternet

usage in Scotland, 2017 Changes in usage patterns reflectthe  increasing

importance of wireless connectivity, as the smartphone is
now the primary device used to go online .

Furthermore, demand for on -the -move connectivity is
growing rapidly, with time spent online outside of home or
a place of work or study having increased over four -fold,
from 2007 to 2 017, for the average UK user.  °

As smartphone capabilities expand , users develop greater
expectations for  the quality of connectivity. Higher

Smartphone = Laptop bandwidths are needed to support high -fidelity audioo r
Tablet = Desktop video streaming, or applications that make use of emerging
= Gther technologies such as augmented reality (AR) and virtual
Source: Ofcom Technology Tracker reality (VR).
The same trends apply to business and public sector users, as wireless connectivity continue to
feature more prominently acro ss to all types of organisations, with applications  ranging from
remote working and teleconferencing to more advanced use cases using new types of connected

sensors and devices, as part of the Internet of Things (loT).

The remainder of this  section will provide context for the study by summarising the state of

digitalisation in Scotland today. The analysis highlights changes ob served since the previous study
on the economic and social impacts of enhanced digitalisation in Scotland published, and scope for
further improvement.

Of com (2018). doAdWIstes@nMde Attitudes Reporté
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The section considers changes observed in the following areas:
1 Availability and quality of fixed and mobile connectivity;
1 Business usage of digital services and key technologies;
1 Consumer usage of digital services and devices; and

1 Public sector digitalisation and uptake of online public services.

As in other developed countries, fixed and mobile internet services are widely used by the vast

majority of S c ot | apopdlétion , wit h 84% of households  having an internet connection .10
However, reliable access to high -quality services has not been available to all users . At the time of
the previous study, more than a third of households did not yet have access to superfast fixed

broadba nd,* anda t hi r d of Sandntads awas nbtscovered by any mobile service atall .
Rollout of national 4G networks was still in its early stages, with only 5% of Scotland covered by at

least one 4G service.

The availability of both fixed and mobile serv ices has improved in the last four years , as shown in
Figure 11.

Figure 11: Superfast broadband and mobile service availability in Scotland, 2014 and 2018

Superfast broadband availability 61% 92%
4G geographic coverage (at least one MNO) 5% 78%
4G geographic coverage (all MNOs)* 2% 38%
2014 2018

Source: Ofcom Connected N ations reports. 2 * For 2014 this data shows coverage from at least 3 of the 4 MNOs.
As well as industry efforts, public intervention s are contributing to this  trend .13 For example:
1  The Digital Scotland Superfast Broadband programme is investing over £400 million to
support fibre broadband rollout and has met its target of providing access to fibre

broadband to 95% of Scottish premises by December 2017

1 Aseparate programme, Community Broadband Scotland, has supported rollout in some
remote rural areas.

f The Scottish Governmentodés A600 million Reaching
premises in Scotland with access to superfast broadband at speeds of 30 Mbps o r greater .

1 The Scottish 4G Infill programme is providing £25 million of funding to address mobile
6not spot sd ac randsund nBw limdelstationgd to provide coverage inaround 50 to

60 new areas.

®Of com (2018). 60Ofcom Technology Tracker, H1 20186

11 Defined by Ofcom as a connection providing at least 30Mbit/s download speed

12 Mobile voice coverage figures for 2014  have been adjusted down by 10% for approximate comparison on
consistent basis, correcting for achange i n Of cmethddslogy .See Ofcom Connected Nations 2017 report,
paragraph 3.22.

BAudit Scotland (2018). 06Super fidgdutr tthreoda gplrowrgd efser upadatt leadn d
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Nevertheless, there  appears to be clear scope for furt her improvement , particularly with regard to
mobil e coverage. Al mo slandrhasasl i stibrot cé&ered by basic chébse coverage
from all operators, while more than 60% is not covered by a 4G signal from all operators.

In these respects, Scot  land still lags behind the rest of UK. While superfast broadband availability

and indoor 4G coverage is almost on a par with the UK, geographic coverage of 4G services is

markedly lower.  Anecdotal evidence suggests that mobile broadband speeds are also sig nificantly

lower in rural areas, though robust data measuring this is not available . To some extent this is

l'ikely to reflect Scotlandbds relatively sparse population and
network deployment costs.

Figure 12: Superfast broadband and 4G availability in Scotland and the UK, 2018

Scotland UK

%}» 92% Superfast_ bro_gdband 94% #
availability

&
Ultrafast broadband &
s ; O
C&VD e availability 50% “
% d 4
4G indoor coverage )
= ) 0 |
99% (at least one MNO) 99% b

?f J{\% 7504 4G indoor coverage p— ‘

) = (all MNOs)

/9 4G hi
o geographic coverage )
pbf 8% (at least one MNO) 91
0
s 4G geographic coverage
0, 0,
8% (all MNOS) oo
Source: Ofcom Connected Nations reports
Due to incomplete geographic coverage, there is a clear digital divide geographically in access to
reliable and fast connectivity . Around a third of households in rural Scotland still cannot access
superfast broadband services, and vast areas are unable to access mobile voice and 4G services
from all operators , although to some extent this is subject to change as a result of the
aforementioned programmes
Figure 13: Superfast broadband and mobile service availability in Scotland, 2018

i 4G geographic coverage

96 % 37 %
H
aif

Superfast broadband availability

fi 97 % @ 65 %
7S

ﬂl‘)é Average fixed broadband speed
0

g 46 20
Mbit/s Mbit/s

Source: Ofcom Connected Nations reports
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4G coverage inrural areas may improve further as a result of new coverage obligations set by

Ofcom, though at the time of writing these obligations are still subject to consultation 14 and have
not yet been all ocated to operators.  In any case, the threshold set by Ofcom for these obligations

is based on speeds of at least 2 Mbit/s, which still allows for the possibility that speeds in rural

areas will be far slower than those in urban areas, which typically exce ed 20 Mbit/s.

Expanded availability of fixed and mobile connectivity inrecent years is reflected in levels of
uptake. Superfast broadband penetration has increased from 16% 15 of premises in 2014 to 40% in
2018. 6 However, around half of households with acc ess to superfast broadband are currently still

not subscribing to the service. Concurrently , the average fixed broadband speed has doubled from
21 Mbit/s 15 to 42 Mbit/s 17 and average household monthly data usage ha s approximatel vy
quadrupled to reach around 200 GB per month .%7

With regard to mobile connectivity, 4G subscriptions have  now become the norm, with 87% of
smartphone users  (who account for 82% of all mobile phone users) 10 holding a 4G subscription, up
from just 30% in 2014, 18

However, the quality of internet service received in practice can vary greatly. Average fixed

broadbandspe ed in 2017 was 46 Mbit/s in SonlpaOMbittsthéusl ur ban

areas. 7 The digital divide in mobile performance may be even greater. Though a speed differential
has not been measured  to date , sta tistics on 4G coverage only capture the provision of 4G services
that deliver at least 2 megabits per second, which is less than a tenth of average 4G speeds across
the UK , and is low er even than typical 3G speeds. 19

Recent years have seen improvements in business adoption of key technologies such as cloud
computing, data analytics and loT, which have been demonstrated to support a range of benefits,

from driving cost reduction and efficiency to enabling the developmen tof innovative new services.
Figure 14: Adoption rates amongst Scottish businesses for key digital technologies , 2014 and 2017
Mobile internet 64% 73%
Website 73% 2%
Social media 53% 66%
Data analytics 34% 40%
Cloud computing 27% 38%
2014 2017
Source: Scottish Government i Digital Economy Business Survey

The rapid growth in the usage of cloud computing is particularly notable , as the technology is  now
being used in some form by over a third of Scottish businesses. Among these businesses, the most
common cloud -based applications are email services and office software such as word processing

and spreadsheets.

“Of com (201 8&dofthedo@idzand3.6 -3.8 GHz spectrum bands?®o

“0fcom (2014). o6l nfrastructure Report 20146

®0fcom (2018). 06Connecit®aotNlagdr d nrse ROrlt86

Of com (2017). o6Connecit®adotNlagridins 2017

®¥Oofcom (2014). o60Ofcom Technology Tracker, Q1 20146
¥Opensignal (2018). 6Mobile Networks Update: UK (October
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Data analytics is also increasing, whereby organisations employ solutions such as data mining, data
visualisation and database tools. Data analytics can be used for myriad purposes, such as deriving

business insights that enable faster and m ore effective decisions, or reveal client preferences,

market trends and issues in supply chain processes. The value of data analytics increases as a

result of wider technological innovations, such as IoT, which allow larger volumes of valuable real -
time d atato be captured. 2°

The figures included above also reflect the changing ways in which businesses carry out online
business, as the proportion of firms actively using social media is now almost on a par with the
proportion who have a website , the latter h aving now stabilised . For some small businesses,
creating a social media profile may be an easy and eff ective alternative to creating and maintaining
a website.

Despite these advances, there remains clear scope for improvement, particularly in achieving
further growth in cloud computing and data analytics adoption. For example in Finland, a leading
country for cloud adoption, an estimated 65% of enterprises currently use cloud computing. 2

The Scotti sh GbDigital r Matréyn tndes reflects the scope for further progress . Based on
indicators of digital maturity such as the type of internet connectivity used , the adoption of digital
technologies, and the quality of empl oyeesd, dnly@% df Scbttisls Businesses are

classed as digital pioneers  or digital c hampions, although this is up from 3% in 2014.

Figure 15: Digital Economy Maturity Index in Scotland, 2014 and 2017
38%
36% 34%
30%
0,
1A% 1505 17%
6% 0 6%
L —~|
Disconnected Basic browsers Tentative techies Enthusiastic Digital champions Digital pioneers
doubters explorers
2014 m 2017
Source: Scottish Government i Digital Economy Maturity Index
A key result of the most recent iterati on of the Digital Economy Maturity Index released in 2017
was that there remains a considerable gap in the average digital maturity and capability of SMEs
(businesses with less than 250 employees) relative to large  businesses (businesses with 250 or

more e mployees) . Despite large companies comprising only 6% of the total number of businesses
surveyed , they accounted for 19% of all businesses classified as digital champions, and 20% of all
businesses classified as digital pioneers.

In recent years, consumer usage has continue d to evolve rapidly , with consumers making use of a
wider range of connected devices to engage in a greater number of activities than ever before

Adoption of smartphones and tablets has continued to grow, with smartphones clearly remaining

the preferred device for everyday online tasks. Beyond this , new types of connected devices have
started to gain significant traction with consumers, including w earable devices such as smart
watches and fitness trackers which have achieved mainstream appeal with 14% ad option. N ewly

2Cebr (2016). 6The Value of Big Dat a nd the Internet of

a
ZEurostat (laud doBiuting G- statistics onthe use by enterprises 0
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introduced smart speakers by companies such as Amazon and Google which are already being used
by 7% of people in Scotland and rank as the fastest -growing connected device in the world
currently. 22
Figure 16: Adoption rates amongst Scottish consumers for major connected devices , 2014 and 2018
Smartphones NGOV T7%
Tablets INNST7YN 25 47%
Wearables*  =imimit 14%
Smart speakers* 7%
VR device* : 1%

Connected home* = 2%

= 2014 22018

Source: Ofcom Technology Tracker

Consumer are increasingly opting to conduct more everyday activities online. Online services can
offer superior ease of access , ease of use and cost, and consequently yield significant benefits in

the form of enhanced convenience , and time and financial savings. The magnitude of this change is
reflected in the 100% increase since 2007 amongst UK consu  mers in the average number of time

spent online per person per week, from 12 hours to 24 hours. 23

Leisure activities such as  social networking and streaming audio -visual content  remain among the
most popular, but activities such as accessing the news, usin g online public services and accessing

health information have also seen rapid growth.

Figure 17: Online activities with largest increase in usage amongst internet users in Scotland
Accessing the news — IRZ/GENN ;. 53%
Instant messaging INCEU RS 60%
Uploading content INIEYem::vsy 30%
Watching TV/films IOV 33%
Council/govt. services vy 35%
Health information 23 34%
Social networking s 61%
Streaming audio (subscription) Wz 12%
m 2014 2018

Source: Ofcom Technology Tracker

As online services continue to become more expansive in scope and develop greater functionality,
consumers may yet benefit from further convenience ben efits and time savings. However, some
socio -demographic groups are at risk of being excluded from these b enefits: 24

1  Whereas 99% of adults aged 16 -24 use the internet in Scotland, only 63% of those aged
60 or older do.

1 Inthe 20% most deprived areas, 19% of adults do not use the internet, compared to only
7% in the 20% least deprived areas.

2pDeloitte (2018). 6Technology, Media, and Telecommunications
20fcom (2018). OAdultsdo Media Use and Attitudes Reporto
%Scottish Government (2017)
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The geographic div  ide in connectivity may also contribute to reduced usage of online services in
rural and remote areas, where coverage can be limited and average speeds are lower, as set out in
Section 2.2.

Since the previous study, the availability of online public services and information has increased,

resulting in the percentage of Scottish adults making use of tF
Gover nment 060s websites i ncr ea$tm30% dsof@it8. 2 ¢°%heimost dmon

uses are looking for information, downloading and sending forms, asking questions, making

complaints and making payments. 24

Data is not available to quantify public sector usage of digital technologies in the same level of
detail as for consumer and business usage. However, recent trends indicate some progress, with

public sector digitalisation featuring ont he Scotti sh Gagendarsince thepgullication of
the 2011 digital strategy  ,%° and reflected in achiev  ements such as:

1 The formation of Revenue Scotland, a centralised Scotland -wide tax collection system with
an online platform which is now used for 98% of all tax returns ; 26
1 The launch of mygov.scot , which has replaced DirectScot.org, the Scottish Business P ortal,

miscellaneous Scottish Government websites with duplicated content, and traditional
paper -based services with a consolidated, first point of access for all online public services
for both citizens and businesses alike ;

1  The establishment of the Scotl and Wide Area Network (SWAN), an exclusive and secure
public services for all public service organisations, including schools, hospitals, GP
surgeries, pharmacies and local council offices that has already generated £30m in
savings ;26

1 The digitalisation of the provision of healthcare, with NHS Scotland revamping their online
support for young people struggling with mental health, and adopting Patientrack T an
electronic monitoring and pre -emptive warning system to provide healthca re professional
with real -time data for at -risk patients.

While t hese developments show tangible progress, the factthat 70 % of adult citizens in Scotland

are estimated to still not be making use of online public services indicates scope for further

progress, and some risk of excluding particular socio -demographic groups. A particularly relevant

consideration may be Scotl and®ds aatpesugyestthmolp.®dohdt i on. Latest estir
Scotlandés popul at i on? slightlydigherdnarbtte coorespoading figyre for the

United Kingdom of 18.3%. 28 Such users may stand to benefit particularly from digital public

services, particularly if they are less a ble to travel, but equally they may face barriers in digital

skills and access to suitable connectivity.

%5 Scottish Government (2011). 6Scotl an s D
®sScottish Government (20 ) .
Scotl and?®d

National Records of P®jectedPoputatibn of 2cotland j2016 6 -based)o

BOffice for Nati onal TaSeAdt1 Rrincipa grojettian0 1 7 YK.sundgnary 0

do ital Future: A Strategy for Scotlandé
17 n

igi
6Realising Scotlandds full potenti al i a
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3 The 5G opportunity

This section explores the capabilities that 5G networks are expected to offer and the potential use

cases it could support in the future, with a focus on use cases
competitiveness and areas of current innovation across industry and academia
What is 5G?

605G6 refers to the nextnetvgpkntechnalvgieotmt acef duetd ibd deployed

t hat buil d

commercially by mobile operators worldwide from 2019. 5G has the potential to enable
improvements including much faster download and upload speeds, higher capacity to ease
congestion and accommodate more connected devices, and lower latency, 2% which is crucial foran vy
applications that require an instant respo nse with virtually no lag (from online gaming to control
systems for key infrastructure assets).
Figure 18: Summary of key theoretical capabilities of 5G

[»_/) Data rates: Peak datarates of 20Gbit/s (20x higher compared to 4G )

@) Latency and reliability: Delays of 1ms (10x lower compared to 4G), with 99.999% reliability

ﬂ:}) Connection  density: 1,000,000 devices per square km (10x higher compared to 4G )

.I:I)> Mobility : Support for high mobility up to 500 km/h, with low interruption time

o Energy efficiency: Increased efficiency so that energy consumption of mobile networks does not

& increase, despite the enhanced capabilities
Source: ITU,2017, 6 Mi ni mum requirements relatedoflbT 2OCWNniIraadl opemfter maced sf 0
5G differs from previous generations in that it is expected to integrate other wireless technologies ,
including 4G , WiFi and loT technologies , ratherthans imply replacing previous generations. In the
long -term, 5G is expected to enable versatile networks that can be managed and op timised inreal -
time, offering seamless connectivity regardless of use . A key component of this is networ Kk slicing ,
which allows o perators to provide  multiple virtual networks using the same physical infrastructure.

Each virtual network can be tailored to different end -users, or user classes, who may have different

requirements. 30

It should be noted that the above are theoretical capabilities based on current technical standards

of 5G . As with previous mobile network technologies, the technical standards may evolve further
over time, though  equally the real -world performance for the average user would typically fall short

of these standards. For example, current 4G networks based on LTE or LTE - Advanced technology

are delivering average speeds of 10 Mbit/s to 40 Mbit/s in most countries, despite theoretical

maximum speeds of 150 Mbit/s to 600 Mbit/s being supported, depending on devi ces used .3t

2 Latency refers to the time taken for data to travel between points in a network. Users of current networks

typically experience latency of a fraction of a second , but this can still create a

30 0Ofcom (2018). O6Enabling 5G in the UKS?G
SAndroid Authority (RP@h8&8).i 64GhesdLTEerence?5d
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For 5G, the fastest data transmission in laboratory trials has reached 1 terabit per second and field

trials have reached 35 Gbit/s. Deloitte has predicted that 5G under real -world conditions will likely
be slower than 35 Gbit/s but still marked ly faster than 4G networks I and also faster than some
fibore and cable solutions. 2?2 Equipment vendors have attempted to simulate real -world
environments and achiev  ed speeds of around 500 Mbit/s and 1.4 Gbit/s in different trials. 32

What will 5G be used for?
In the short term, 5G is most likely to be used by mobile operators to ease network congestion in
dense urban areas. However, in the medium and long term 5G has the potential to support a wide

variety of more transformative use cases.

Three broad types of 5G usage scenario s have been envisaged in the literature, as summari sedin
Figure 19.%

Figure 19: Key usage scenarios for 5G

More devices Instant response
||§ Massive machine -type ) Ultra -reliable low latency
communication communication
A Enhances mobile broadband A Enables the connection of a A Enables applications that
use with higher speeds and very large number of are heavily dependent on
seamless experience, even connected devices (uptol very low latency and high
in dense environments million per sq km), reliability

supporting low -energy

A Supports high -bandwidth A Supports 6 mi s sciroint i ¢ al

tasks such as Augmented devices applications, for example in

Reality (AR) and Virtual A Supports large -scale loT transport, healthcare or

Reality (VR) apps deployments across sectors energy
Source: Deloitte based on ITU, 2015, 6 1| MT Vi Bramework and overall objectives of the future developm ent of IMT for 2020
and beyond?d
The three usage scenarios reflect the possibility that users may have very different technical

requirements . For example, consumers may demand high bandwidth to stream immersive audio -
visual content, while some business users may instead rely on low -latency and reliable connectivity
across a large number of devices in order to monitor operations in real time. Hence, the ability of
5G to support separate virtual networks tailored to diverse requirements is likely to be key for

simultaneously enabling a variety of specialised use cases.

Current industry expectations are that 5G may be used primarily in enhanced mobile broadband

scenarios in the near future, delivering an evolutionary improvement of user experience for existing

services. % The use of 5G for the development of more advanced IoT applications and new mission -
critical applications may be longer -term prospects. 3035

As a separate propositio  n, the use of 5G as an alternative to wired broadband in urban areas is

receiving attention, particularly in the US, in contrast to the UK where wireless -only home internet

iscurrentty rare.®* A study for Of coonG faotunad ftihxaetd Al oc atelevamt mi ght é be
solution in areas which could not otherwise be reached by a fixed network 0 37 Other studies for the

UK National Infrastructure Commission found that the potential costs and benefits of using 5G to

2Qual comm ( Boakc@nm.Netdork Simulation Shows Significant 5G User Experience Gains 0]

3% Note that some specific use cases may combine elements of each usage scenario

4 GSMA (2017). 6 The 5G era: Age of bhdwndlnass nderdddaqteink automati ond

> Mobile World Live (2018). 6Huawiegns 45 5G MoUs with operatorsbd

%pDeloitte (@QBA@8NogyTeMedi a, and Telecommunications Predictions 20196
37 WIK -Consult (2018).  'The Benefits of Ultrafast Broadband Dep loyment'

w W
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provide home broadband in urban areas (for examp |l e 605G t o-ptohset 6l)ampay viehlEe it a
commercial proposition .38

Where and when will 5G be available?
The first commercial 5G networks are expected to become available in the UK in 2019 in selected
urban areas , at the same time as the first 5G cons umer devices, such as smartphones and smart

hubs, become available. Mobile operator s have announced that they will be introducing 5G in
Scotland focusing on  parts of Edinburgh  or Glasgow in 2019. 3° However, initial deployments are
unlikely to deliver perfor  mancelevels t hat r each 5 G0 si dswithprevipusgenerations |
of mobile network technologies, this is expected to be a gradual process.

Deployment of 5G networks over large geographic areas may take several years. Ast he business
case for large -scale 5G deployment is still at a nascent stage, there is uncertainty over how and

where network infrastructure will be deployed beyond the densest of urban areas and the
timeframe for this.

The benefits of 5G connectivity are largely dependent on de pl oyment of a | arge number of Asi
c e | ,lwkiah are transmission systems with a short geographic range, unlike the base stations or
towers traditionally used to deliver mobile coverage over wide r areas . The business case for small
cell deploymentsin mo  re dense urban areas is naturally stronger. However, with the requirement
for adequate fibre infrastructure to support higher traffic and backhaul requirements ,3740 as well as
other factors such as  accessto suitable si tes for small cell deployments ,30 there remains a

significant degree of  uncertainty over  the extent and timin g of urban 5G deployment.

In rural areas , where population density is lower, the business case for 5G deployment may be
particularly challenging . Nevertheless , some studies suggest that 5G does offer technical

capabilities that make rural network expansion and upgrades more economical than with current
technologies , even if initial deployments focus on dense urban areas. 41 Even with 5G, rural
deployments may req uire compromises in terms of lower levels of bandwidth or higher latency than

woul d be available in urban areas  .*?

5G may also bring changes in the supply chain , with new types of players and business models
potentially emerging . 5G is expected to be deploy  ed in the UK by the current MNOs initially, but
eventually it is possible that sector -specific private networks or new types of intermediaries could
become more common .30

38 Tactis and Prism (2017). 6Costs f oronDnugiitcalt i @ ns | n fFRroatiert Ecanonias ( 20370)
'Future Benefits Of  Broadband Networks'.

39 https://newsroom.ee.co.uk/ee -announces -5qg-launch -locations -for -2019/

https://5g .co.uk/news/o2 -launching -5g-london/4752/

“Backhaul refers to the transfer of data from mobile base stations to
(2017). 6 Communi cati ons i nfadea-sTthreu cntererde fwpg deep f i ber 6

41 yu, Yiting ( 2016 ). 'Energy - and Cost -Efficient 5G Networks in Rural Area s'

42 Qughton , Edward J. and Frias, Zoraida (2016). 'Exploring the cost, coverage and rollout implications of 5G in

Britain'
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To date, current wireless technologies have already enabled major new use cases for connectivity.
For example:
A

O 3G Networks and WiFi @ 4G networks ) IoT technologies
v

A 3G networksand  WiFi i in A 4G networks i in combination A More specialised network
combination with the advent of with more sophisticated standards, such as NB  -1oT and
the smartphone 1 have smartphones and tablets T have LTE- M, are facilitating new loT
contributed to the development enabled further innovation use cases for devices that
of an app economy A Examples range from higher - transmit small amounts of data

A This created a  platform for new definition streaming ~ and use of A However, commercial use of
types of digital services and AR and Al capabilities to create these technical standards is still
business models to be created new ways of doing  things gradually developing

While there is certainly scope to further exploit existing network technologies, in the longer term
5G connectivity creates an opportunity to support a wider range of innovative use cases,
particularly in combination with other technological trends.

Overview of potential use cases

Individual u se cases for 5G typically  involve satisfying needs for very hi gh bandwidth, reliable
ultra -low latency, and/or a high density of connected devices, in combination with technologies
such as cloud computing, AR and VR that may be enhanced by 5G.

Wireless networks  are crucial from transmitting data between devices, to the ¢ loud, and back to
end -user devices. Cloud services are  becoming more sophisticated, increasingly integrating data
analytics and Al capabilities that historically would only have been available to a select few

organisations. Together these technologies allow new use cases to be built on top of wireless
connectivity and real  -time data, from video analysis, to automated vehicles, factories and drones.

From an end -user perspective, 5G facilitates the use of immersive audio -visual applications that
bring th e underlying data to life for users and tailor it to their location and context.

Aside from the requirements of individual use cases, pervasive 5G connectivity may also be a pre -
requisite to facilitate the concurrent adoption of a large number of different use cases. The higher
aggregate capacity offered by 5G networks and the ability to create separate, tailored virtual

networks could be used to support a much wider range of diverse and complex use cases

simultaneously while maintaining a seamless user exp erience.
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Potential 5G use cases typically involve one or more of the following elements :

Remote monitoring

Networks of sensors and devices used to Using real -timedata, businesses can
monitor business processes and operations respond more quickly, by intervening
and end -user usage in real time. manually or through automated  processes.
" A Healthcare i patient monitoring through " A Healthcare i remote diagnosis, response
%_ wearables and in  -home sensors % and surgery
€ A Agricultureand aquaculture i soil and £ A Transport i traffic management, automated
S water conditions, livestock tracking S vehicles
A Public services i smart bins, smart parking A Manufacturing i automated production
A More efficient and accurate A Efficiency and cost savings
£ A Removes geographic barriers 2 A Environmental benefits from more efficient
% A Environmental benefits from reduced travel % use of resources
m A More frequent and detailed data collected m A Increased safety by removing human error
Al and ML analytics
Higher bandwidths and lower latency @ New uses of data using artificial intelligence
support high -fidelity contentand lag  -free and machine learning tools
two -way communications using AR and VR.
) ) . A Public services 1 video analysis for crime
* A Med_la arzi;nte(jrt\e;gmerlltt_ | I cloud -based " detection, accident prevention
%_ A %‘me%‘ "art1 i cr‘m.J tlpayte_r gr:\m_es_ %_ A Infrastructure i predictive maintenance by
£ A T ucation 1 tarlored, in etractlve tram'lntg £ using data insights to pre  -empt faults
L% ?tuns‘tm ! Immersive content on touris & A Agriculture i crop spraying using video
attractions i analysis
Ji) A New revenue opportunities o) A Efficiency and cost savings
“ac‘; A Removes geographic barriers % A Improved safety
2 A Improved user experience and engagement E) A New insights obtained from data

Specific use cases in key sectors are discussed in more detail in the remainder of this section.
Implications for Scotland

New use cases enabled by 5G could have profound implications for Scotland. With a relatively low
population density and approximately 330,000 residents living in remote rural areas, the potential
benefits from remote service delivery may be particularly significant in Scotland, fore xample in
terms of healthcare, education and training. The same logic would apply to remote control or

automation use cases, where the large distances involved entail large potential gains from remote

or automated processes that reduce the need for travel. More generally, the use cases examined in
the rest of this chapter indicate potential benefits in dense urban areas, as well as use cases in

tourism, agriculture and aquaculture that can support the sustainability of rural communities.

For the purpose of thisstudy,p ot ent i al 5G use cases have been analysed in cor
existing areas of competitiveness and innovation. As a proxy to illustrate the sectors that are

particularly important fHRKgure Q€ shows anrindex basesl onathe aumiper of

employees in each industry group in Scotland and in the UK as a whole. The values shown are

calcul ated as each industryés percentage share of total empl oyr
same industryo6s UKbknaploynent.f t ot al

Therefore , avalue greater than 1 in Figure 20 indicates that the industry group is relatively

i mportant for Scotlandbs economy.ankfdrs ewoarkglog,ce2.iG%eafpl Dycetd i n
Mining, Quarrying and Utilities, compared to 1.3% in the UK . The index val ue is calculated by

dividingthe s ect or 6 2of enpleayment in Scotland (2.6%) by the same measure in the UK

(1.3%), leading to a high index value o f around 2. On the other hand, only 1.3% of
workforce is employed in Property, compared to 1.8% in the UK, leading to a low index value of

0.8 (1.3% divided by 1.8%)
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Figure 20: lllustrative index T ratio of Scottish emp loyment share to UK, by sector (2017 )
Mining, Quarrying & Utilities 2.1
Agriculture, Forestry & Fishing 1.8
Public Administration 15
Health 1.2
Construction 1.2
Accommodation & Food Services 1.0
Other 1.0
Retail 1.0
Finance & Insurance 1.0
Motor Trades 1.0
Transport & Storage (inc Postal) 0.9
Manufacturing 0.9
Education 0.9
Business Administration and Support Services 0.9
Professional, Scientific & Technical 0.8
Wholesale 0.8
Property 0.8

Information & Communication

 ——— 0K S

——

Relatively low share of Relatively high share of
employment in Scotland employment in Scotland

Source: Deloitte analysis of data from the ONS UK Business Register and Employment Survey . The values are calculated as the

industry share of  total Scottish employment divided by the industry share of UK total employ ment .
As the analysis shows, key industry groups for the Scottish economy include the following, which

together account for more than one quarter of total employment in Scotland.

Mining, Quarrying & Utilities i A key component of this industry group is the oil and gas
extraction industry (index value of 8.6), though the electricity sector also accounts for a
relatively high share of employment (index value of 1.5).

Agriculture, Fo restry and Fishing i Fishing and aquaculture is a particular area of strength
for Scotland (index valwue of 7.8), with far med
though agricultural activities also rank highly (index value of 1.8).

Public Administ ration 7 Across the spectrum of activities related to public services, the
public sector is a particularly prominent employer in Scotland relative to the UK as a
whole.

Health T This includes hospital activities (index value of 1.3), which employ around
170,000 people in Scotland, as well as social work (index value of 1.3).

@000

The remainder of this  section explores potential 5G use cases in areas aligned with the key industry
groups above. In addition,  selected other industries where 5G , in conjunction wit  h current industry
and academic initiatives , could generate a transformative impact in Scotland are also discussed T
namely, transport; immersive content (including applications in the media and entertainment
sector as well as other sectors, such as educat ion and tourism) ; and manufacturing and
warehousing . The resulting economic and social impacts are analysed further in Sections 5 and 6.
Among current initiatives, 5G RuralFirst in one of several collaborative programmes being part -
funded through DCMS and it is helping to demonstrate a range of potential transformative impacts

for Sc otland.
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Scotlandds digital potential with enhanced 4G and 5G capability

5G RuralFirstis a co -innovation project led by Cisco and the University of
SGRuralFirst  strathclyde, alongside  a consortium of other partners from industry ,
government, and academia.
The project is currently developing rural test -beds and trials for 5Gw irel ess and mobile
connectivity, based primarily in the Orkney Islands , as well as Shropshire  and Somerset. Through
new approaches to deploying connectivity in rural areas, the project is tria Iling a variety of 5G use
cases across key sectors such as agricultu re, tourism, renewable energy and manufacturing that
operate in rural environments . Examples are included in the following sections.
The enhanced connectivity provided by 5G has the potential to enable new solutions for the energy
mar ket. In particular, fAsmart gridso are often discussed as a
solutions supported by 5G could benefit companies involve d in energy generation or oil and gas
extraction.

While there isno u niversally agreed definition of smart energy grids, the mission describes these
a s endérgy networks that can automatically monitor energy flows and adjust to changes in energy

supply and demand ¢ 43 Wireless networks are at the heart of this, allowing genera tion and demand
to be monitored and controlled in real time. 44
By making grids smarter, a ra nge of benefits may be possible. For consumers, greater efficiency
may translate to  cost savings on energy bills. The energy system as a whole may be more secure,
reliable and better able to transition towards low -carbon solutions. 4 In aggregate, t he wider
economy may benefit: in the UK the development of smart grids could | ead to approximately £13
billion of Gross Value Added between now and 2050. 45

1  The low -carbon economy is a key area of focus for the Scottish Government. 46

Integrating renewable energy is challenging as its supply is volatile, while new

developments such as electric vehicles could increase demand at peak times.

1  Transport Scotland is already involved in trials using wireless networks to
connect and remotely control electric vehicle charging terminals.

1 The Ru ggedised project in Glasgow is tria lling a variety of smart grid solutions
that could be enhanced by 5G connectivity, such as smart street lights using
demand -side management, and smart electric vehicle charging hubs.

Aside from smart grids, the use of connected sensors and devices over 5G networks could have a

variety of applications in areas such as energy generation and resource extraction. Despite obvious
challenges, some wireless networks have been established in the North Sea. 47 Modern offshore

dri lling platforms have about 80,000 sensors generating vast volumes of data, while mobile devices

are already being deployed in the oil and gas sector to track assets and employees. 48

43
44
45

European Commi ssion (2018). 6Smart grids and metersbd

Department of Energy & Climate C hange (2014). 6Smart Grid Vision and Routemapb?d
Ernst & Young (2012). 6Smart Grid: a race worth winning?6

“sScottish Government (2010). 6A Low Carbon Economic Strategy for Scotl
47 https://www.subseauk.com/10123/tampnet -expand -offshore -4q-Ite -coverage -to -the -west - of - shetland

““World Economic Forum (2017). oODigitalOiTr aannsdf oGansa tlinodnu sltmriytéi at i ve
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5G networks could support further progress in this area by supporting more connected sensors and
devices and providing low latency connectivity for new automated processes, which could replace
current manual processes that are time -consuming, difficult or risky.
1  The 5G RuralFirst project is tria Iling a connected wind farm use case. loT
sensors will enable equipment and weather monitoring to identify potentially
dangerous weather conditions and minimise any adverse impacts. 49

1 Atrial at Shetland Gas Plant is using a mobile robot to perform tasks such as
reading dials and measuring temperature and gas concentration. In the long
run this is expected to improve safety and reduce costs.

1  The innovation centre CENSIS has worked with various partners to explore loT

use cases, including use of corrosion and moisture sensors to fac ilitate
predictive maintenance models in the future. 50
@ Agriculture and aquaculture
5G has the potential to support various farming and fishing use cases that rely on a large number
of loT sensors, while reliable low -latency connections could support efficient automated processes
such as irrigation, and fast speeds can enable innovative use of ultra -high definition video  for

detailed monitor ing of crops, livestock or fish.

Specific agricultural use cases discussed in the literature include remote monitori ng of soll

temperature and moisture, crop development and livestock, with more advanced use cases pairing

|l oT capabilities with remote control or automation to deliver
Examples of the latter include automated irrigation, or r eal-time aerial monitoring of crops and

livestock through the use of drones. Where devices such as drones have cameras, video analytics

tools can be used to automate processes in real -time, for example precise pesticide spraying where

weeds have been detec ted. These systems may be able to perform tasks more efficiently and

accurately than humans, freeing up workers to focus on less menial value -add tasks.

In this area, countries such as Japan provide an indication of what can already be achieved T which
could yet be surpassed once 5G connectivity becomes widely available. Japan adopted a Smart

Agriculture policy in 2014. The country has leveraged its strengths in robotics and ICT more

broadly to create a number of partly or fully automated farms.

Many of the same principles apply to fishing and aquaculture, where sensors can be used to collect

detailed real -time information to optimise operations and detect any problems pre -emptively. The
availability of adequate connectivity in rural areas is likely to be a key enabler for many of these

use cases.

4 https:/lwww.5gruralfirst.org/project/industrial -iot/
50 https://censis.org.uk/2018/06/08/sensor -project -tackles -billion -pound -challenge -of-hidden -corrosion/
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The 5G RuralFirst project is tria lling a number of  relevant use cases:
1 Aquaculture health monitoring T Using loT sensors to measure parameters
such as pH and temperature insi de and outside salmon cages.

1 Autonomoust ractors i Testing the use of 5G to control autonomous tractors
in real -time, via drones.

1 Drone soil a nalysis T Drone s are used to analyse the soil and tractor control
to spray fertilizer on needed areas

1 Livestock m onitoring 7 Sensors are being used to monit or the health and
behaviour of cows . In Scotland, WellCow is pursuing similar use cases .5t

1 Hyperspectral imaging T Testing if 5G can enable real  -time soil analysis from
a plane flying at 900 metres

1 AnimalCare i Use of AR content to offer remo te support from veterinarians,
enabling farmers to ask advice and see how to care for animals in real time

5G could unlock new opportunities for local authorities and other public bodies to deploy smart
public infrastructure, with sensors installed in street furniture such as signage, street lamps, waste
bins, traffic lights and parking meters to collect and send data and allow for intelligent
management of public services.

These use cases can promote a range of socio-economic benefits, including

1

Increased public safetyt  hrough a variety of use cases i for example, notifications on digital
signs of oncoming emergency vehicles ; warning systems using low -latency connectivity to
predict potential collisions and alert emergency vehicle drivers; threat and crime detection
using sensors combined with high quality audio, CCTV video and Al analytics

Lower costs thr ough auto -dimming street lights, optimised heatinga nd cooling of public
buildings, and optimised waste collection.

Higher revenue through optimised use of parking spaces using sensors to monitor
availability in real time . Experience to date suggests that smart parking solutions could
increase parking revenues by 27% .52

Lower traffic congestion and envi ronmental pollution  through efficient public transport
passenger loading and dynamic bus routing using real -time information on utilisation,

smart parking solutions and traffic management systems , and pollution monitoring sensors.

51 http://wellcow.co.uk/

2 Accenture (2017). 6How 5G Can Help Municipalities Become
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Glasgow has seena number of trials and initiatives for smart public service provision
that could be strengthened by 5G networks. These include:

1 Intelligent street lighting, with features such as remote control, air pollution

detection, movement detection to monitor congestions and flows of people,
and noise detection to enable real -time responses to disturbances. 53 Similar
initiatives are taking place in Aberdeen, Perth and Stirling. 54

1  Smart water management to monitor water levels using cameras and
sensors, to provide  early warnings and enable flood responses.

Dundee, Edinburgh, Glasgow, Inverness, Perth, and Stirling are involved in smart
waste management projects, including smart bins, route optimisation for collection,
and improved data sharin  g.%*

Glasgow City Council is currently exploring potential commercial models to facilitate

5G deployment across the whole city, making use of public infrastructure to host

small cells. Various other local authorities are considering op tions to accelerate 5G
rollout and the development of smart public infrastructure and services.

ﬁ Healthcare

5G can support a connected , seamless ecosystem of devices to monitor and analyse patient health
in new ways, with further potential use cases re liant on high reliability, ultra -low latency and high
speeds for innovative applications of Al, robotics and high  -fidelity imaging.

The healthcare sector is ideally suited to remote monitoring and service delivery use cases,

particularly where this helps to serve patients in rural or remote areas. Initiatives in these areas

can form part of a wider trend of digitalisation and virtualisation of healthcare, transitioning from

costly hospital -based care towards decentralised remote care. In this way it can su pport both cost
reduction and a shift to treating root causes of health problems, such as lifestyle and wellness. 55

Specific use cases can include remote monitoring of patientso
professionals (or by Al software) utilising wearable medical devices or implanted bio -medical

devices. This allows for the real -time collection and analysis to support a variety of applications

such as assisted living, chronically -ill patients and preventive care.

5 GO s bleeldwi-latency capabilities could also enable innovative uses of robotics for remote
surgery 1 where surgeons use tactile senso rs to perform surgery remotely i potentially increasing
access to specialised care for those in remote areas of Scotland. While rem ote surgery may only be
used in relatively rare cases, it has the potential to save lives where it allows patients faster access

to the necessary surgical expertise. Tactile applications and AR or VR content could also be used to

train medical professional s through realistic simulations.

5G6s ability to connect a | arge number of dugheriadopton i n dense ar ec
of use cases that help to manage healthcare assets and resources more efficiently . This includes
allowing hospitals to m  anage a high number of valuable assets, including beds, wheelchairs and

monitors, as well as using data to develop personalised pharmaceutical dosages that may be
administered remotely 5556

53 http://futurecity.glasgow.gov.uk/intelligent -street_-lighting/

Smart Cities Scot'ICayddaté 2i0 1s8s)u.e 6181, Q3 20186
%5G PPP (2015) -Hefia5l& haosnd e

% DotEcon and Axon ( 2 0 1 8Sjudy ordImplications of 5G Deployment on Future Business Models 0
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1  The FitHome project involving Albyn Housing Society, Carbon Dynamic and
NHS Highland is using sensors on doors, windows and appliances to monitor
behaviour and use Al to detect possible deterioration in health.

1 A Scottish hospit al is using lIoT to monitor its medical beds in order to
automate bed maintenance, a traditionally manual process 57

1 An NHS pilot has seen Scottish ambulances use satellite connectivity to
beam high -resolution images to hospitals while in transit, enabling earlier
diagnosis and pre -emptive treatment. With the higher performance of 5G
connectivity this could be achievable on a much wider scale.

1 The 5G RuralFirst project is using loT sensors to monitor water temperature
in a school to prevent legionella bacter ia growth. This could be a more cost -
effective means of ensuring pupil health and safety.

1 PillCamtrials i which use cameras inside capsules to capture internal video
images i in Scotland have demonstrated the need for high bandwidth
connectivity to transf  er data from GP surgeries to hospitals .58

Transport

5G networks may eventually support driverless vehicles and smart traffic management systems as
part of a seamlessly integrated transport system , Where connectivity is needed to provide an
instant and reliable response across myriad devices and sensors. More generally, 5G networks

could improve connectivity along transport networks and help ensure consistent passenger access
to any service.

At a general level,  connectivity along transpo  rt routes is key for supporting passenger productivity
and the delivery of content. More specifically, innovative use cases may be dependent on such
connectivity. The use of 5G technology is frequently discussed in relation to connected and
autonomous vehi cles (CAVs). These are vehicles that are:

A Connected: able to communicate with the surrounding environment, f or example with other
vehicles or infrastructure  ; and
A Autonomous : able to operate with reduced or no driver input.

There are alternative schools of thought regarding the role of 5G in the development and
deployment of CAVs. For example, the view of the Society of Motor Manufacturers and Traders is
t h avehidlies with some levels of automation do not necessarily need to be connected, and vice
versa, al though the two technologies can be complementary 0.59

Nevertheless, a common view is that reliable and low -latency 5G connectiv ity could have various
benefits. Various safet y use cases, including warning services, may rely on advanced connectivity
between the vehicle and the surrounding environment. Connectivity could serve to provide

redundancy in cases of sensor failure or inability to function accurately, for example in extreme

weather conditions.  5G connectivity could allow more efficient coordination b etween autonomous

vehicles, for example driving closer together and reacting more quickly to prevent collisions , using

360 -degree data rather than line -of-sight data collected through sensors.

S"CENSI'S (2018). ONHS gets connected with new |l oT trial to track hospit
®pDigital Catapult (2018). O6Th®BGU#&cHKIGviEctioseysamrda Q&@x&8bilities in the UKDH

®Soci ety of Motor Manufacturers and Traders (201i7P)o.si6QGoonnn ePcatpeedr 6and Aut o
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The potential economic and social benefits from CAVs could be v ast, potentially including:
1 Increased accessibility and mobility, for example for the elderly or disabled.
1 Improved road safety, including the potential to reduce the number of fatalities.

I  Productivity gains from improved connectivity on the move, and from vehicle autonomy
freeing drivers to engage in other activities

1  Environmental benefits from r educed congestion and increased fuel efficiency.

In aggregate, KPMG  estimates a £51 billion economic impact by 2030 from the development of
CAVs, largely consisting of  time savi ngs and increased productivity, against estimated costs of £11
billion.

Benefits for Scotland could be particularly large due to its geography; for example, there may be

large e fficienc y benefits from  introducing automated deliveries t o r emot e areas. Scotlandds | ow
population density could also entail lower risks of accidents, which creates favourable conditions for

trialling and introducing CAVs.

More broadly, 5G could support a future vision of fAmobility as a servicedo, where p
paying for travel and route optimisation all take place seamlessly across transport models from a

user perspective. Consistent and reliable connectivity is an obvious prerequisite for this. Deloit te

research in the US has estimated that t he breadth of future mobility use cases requiring

connectivity is expected to generate data traffic of roughly 0.6 exabytes every month by 2020 4

about 9 percent of total US wireless data traffic. 60

1 Project CAV Fort hwill trial an autonomous bus service across the Forth
Bridge from Fife to Edinburgh

1 The 5G RuralFirst project will test the use of 5G to deliver connectivity for a
ferry operating between two of the Orkney islands, filling a gap at one end
of the journey  where the shi p loses WiFi from the main port

1  Transport Scotland is currently exploring mobility -as-a-service as a proof of
concept

1 The Scottish Government Digital Directorate, Transport Scotland and SFT
are investigating the creation of digital transport corridors by exploring
models that could support more effective deployment of connectivity along
the transport network

The higher bandwidth and lower latency offered by 5G are likely to enable the delivery of more
sophisticated and immersive audio -visual content. This applies particularly using ultra -high
definitio n standards such as 4K and 8K, or use cases involving AR, VR or multiplayer gaming which
require extensive two  -way communication in real time, as these rely both on high bandwidth and

®pDeloitte (2017). 6éConnecting the future of mobilityéo
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low latency in order to function. To date, 4G06s techni c aéreredonedto ahaveaastscted
development of AR and VR content. 61

Scot | and éwsuabctedtiveandustries appear to be growing rapidly, for example with regard to

TV and film production i where spend increased by 30% in 2017 62 1 and video game production
where recent growth has been driven by mobile games. 63 For these industries, the new capabilities
offered by 5G could be a source of further revenue growth.

Scotland may also be able to leverage its digital creative capabilities to sectors outside of medi a
and entertainment, as a wider variety of AR and VR use cases could emerge if adequate

connectivity is available. Immersive audio -visual content ¢ ould be leveraged as a future tool to
enhance traditional approaches to education and training by provid ing more tailored and engaging

materials that take into account the learning preferences and abilities of different individuals.

Research on the use of 5G in education appears currently less developed than in more commercial
sectors, but international initiativ es illustrate potential applications such as AR -enabled learning
guests in the user 6s ev e-enaled mnodelsolsubr o aomé particles Wi entire
galaxies, and a mixed reality game that aims to help students with autism improve their social

skills .64

In tourism T another key sector for Scotland, employing 8% of the workforce I immersive content
can create new forms of smart tourism. For example, 5G has been trialled to allow visitors of

Roman Baths to experience reconstructions of the Baths at key moments in history, on a mobile AR

app using 360 degree video. %

1 The 5G RuralFirst project  will test the use of 5G to provide connectivity to
tour buses in Orkney, delivering VR content created by Historic Environment
Scotland .

1 The Portal AR app has been  created in ¢ ollaboration with Google and teams
from VisitScotland, SDI, Talent Scotland and Scotland.org . It provides an
array of AR portals allowing users in any location to enjoy immersive and
educational contentshow casi ng some of Scotlandds ke

1 The e -Sgoil programme is being used to deliver real -time, interactive
lessons, to pupils  throughout Scotland  using HD video content. 5G could
enable more immersive and sophisticated content to be used in the future.

@ Manufacturing and warehousing

5G networks could satisfy requirements for a high density of connected sensors and for reliable
instant response in order to develop more sophisticated automated processes that can drive
efficiency in factories or warehouses

Modern factories and warehouses are characterised by a large number of devices operating

together as part of complex coordinated processes. There is clear potential for wireless

technologies to improve these processes as pafi thelwdadeftrerdfustry 4. 00
digitalisation in manufacturing. 5G-enabled remote control, monitoring and automation of

equipment can enhance current processes, generating operational benefits and increased

productivity i n a wider number of factories at a lower cost.

(1Seam et al. (2017). O0Enabling Mobile Augmented and Virtual Real ity wi
62 https://news.gov.scot/news/record -spend -on-film -and -tv - production
83 https://www.heraldscotland.com/business_hag/15912624.scotlands -video -games -industry -on-the -rise -with -

huge -upsurge -in-job -numbers/
64 See https://www.5gedtechchallenge.com/
85 https://www.bbc.co.uk/rd/blog/2019 -02-5g-mobile -augmented -reality -bath
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To some extent, current wireless networks may already provide adequate connectivity, but:

1 Larger plants may benefit from 5G availability, as it can be difficult to provide adequate
wireless connectivity via Wi Fi over a large area.

1 Complex processes m ay benefit from the ultra -low latency, high reliability and high
connection density offered by 5G.

lllustrating the limitations of current wireless technologies, some existing use cases have required

proprietary ne twork standards to be developed tosatisfy the userds teEonnical requirem
example, Ocado, an online supermarket, invested in creating a bespoke patented system based on

4G technology to connect and control over 1,000 robots in its warehouse with lo w latency, which

would not have been possible using standard wireless protocols .86 Ocado uses wireless

communications, cloud technology and a machine learning based analytics system to monitor

thousands of robots in each warehouse, effectively as a remote h ealthcare system for robots .67

Evidence of the tangible impact that 5G could make in this area is still limited, though an academic
study found a positive impact of implementing 5G -enabled maintenance solutions, including
through increased production output , improved robustness and reduced maintenance downtime. 68

1  The 5G RuralFirst project is exploring the use of LiFi i the use of light to
transmit information, instead of traditional radio frequencies. LiFi could be
valuable for industry 4.0 use cases such a s automated manufacturing
environments, which could enjoy faster, more reliable connectivity that

doesnéd6t interfere with radio networks
1  The Scottish Manufacturing Advisory Services has supported innovative

solutions such as automated delivery of material to production cells, to

improve accuracy and reduce manual handling. 69

Stakeholder interviews and existing literature indicate a number of issues that may need to be
overcome in order for transformative 5G use cases to have a pervasive impact on the Scottish
economy and society.

Inevitably, a prerequisite for many use cases is the availability of adequate connectivity . Inthe
same way that current shortcomings in 4G coverage and quality of service are still a barrier in

some ca ses, a similar situation could arise in relation to 5G. At this stage it is too early to judge

how 5G deployment in Scotland is likely to develop, but key enablers are likely to be spectrum
access and availability of underlying fibre infrastructure , in con junction with developing an
environment where by existing and new assets can be shared to reduce the cost of deployment in

less commercially viable areas

Even where adequate 5G connectivity is available, at present there is still uncertainty about which

particular use cases will have a transformative impact. Given the nascent state of 5G, use cases

identified to date are largely theoretical and the business case for these remains unclear. Further

research and collaboration across government, industry and a cademia is likely to play an important
role in establishing use case feasibility and the likely costs and demand involved.

Finally, even where there is a strong business case, an accelerated adoption of use cases may rely
on improving awareness and under standing of 5G and complementary technologies such as cloud

%Silicon UKOd2dd6Ysed Unlicensed Spectrum For O6Worl d&®s Densest 4G Netw
pDeloitte (2018). O6Economic and social impacts of Google Cloudd

®Lundgren et al. (2017). o6The value of 5G connectivity for maintenance
®Scottish Manufacturing Advisory Service (2018). O6Manufacturing 4.0 Re
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computing, data analytics and Al. Awareness and understanding appear patchy at present, with

some organisations 1 such as SMEs and some local government bodies T potentially at risk of
falling beh ind the curve. Organisational inertia or reluctance to adopt new use cases can also play a
part, for example where concerns about data sharing and data security discourage businesses from
considering new data  -driven solutions.

The following page summarises the analysis of the 5G opportunity for Scotland and suggests some

steps that may help to capitalise on this opportunity. Potential economic and social benefits are
then analysed in detail in sections 5 and 6.
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5G networks can benefit urban areas,
areas, where they could facilitate remote access to key services and contribute to the sustainability of
in Scotland that stand

digital potential with

in which

economy . Analysis suggests a number of key industries

5G use cases have the potential to
drive efficiency and patient engagement, as well as

enhanced

initial deployments

4G and 5G capability

are likely to  focus, but also rural and remote
to benefit :

V  Current initiativesin Scotland include Fit
Homes, using in -home sensors to monitor

the rural

inclusive access to treat ment patient®ealihtanda nuséddof loTtoamoaitor a nd
remote areas. hospital beds and automate maintenance.
Transportt 5G connectivity al ong $cAntaltanombus bus trial from Fife to

transport networks could support passenger Edinburgh is planned, and Transport

= productivity and a more integrated, user -friendly Scotland is currently exploring mobility -as-a-
and seamlesstransport system. service as a proof of concept.

5G could support  engaging and tailored V The e -Sgoil programme brings tele  -education

digital content. With adequate connectivity this to the Western Isles, though there are no
could be accessed by students anywhere, any time. current initiatives focusing on the role of 5G.
Public services. Added to the above, other public V Initiativesin Glasgow include smatrt lighting
services in urban areas particularly can benefit from and water management; other cities feature
5G in the context of fAsmart ci inthé Smast €ities Scetlars programme.
Agriculture and aquaculture. New processes V 5G RuralFirst trials include salmon health
driven by data and connectivity could drive monitoring, autonomous tractors, soil
efficiency, contributing to the long -term analysis using drones and livestock
sustainability of Scotl andds r monidolingthrougmomgonnect ed cow
Immersive content. 5G can support immersive V The Portal AR app, created collaboratively by
content using AR and VR. Scot | @oogled ¥isitSdottamdn,&DI,dTaleni Stodaind

creative industries could drive innovation, including and Scotland.org,  provides immersive and
through immersive contentin tourism, supporting educational content show
rural and remote communities, or in education. landmarks to users in any location

5G has the potentialto V Public bodies in Scotland are exploring use
drive efficiencies throughout the supply chain and cases such as smart lighting, smart heating
support Sc o t-tadan djestivds.o w and smart electric vehicle charging hubs.
Recent initiatives exploring 5G use cases in Scotland show promise, but are largely limited to small -scale trials

and idiosyncratic applications at present. Several stakeholders are pursuing different initiatives in isolation,

potentiall y leading to fragmented approaches. Against this backdrop, Scotland

Key to all use cases is the availability of seamless connectivity

as far as possible . Appropriate commercial models will be necessary t
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Increased collaboration and knowledge

-sharing across stakeholders
resources and networks in order to identify key synergies and lessons |

could benefit from:

, bringing together experience,
earned;

Holistic thinking to consider the opportunity of seamless 5G connectivity for the benefit of entire
communities, without restricting to individual sectors or use cases;

Development of longer
successful proof -of-concept trials to large

-term planning, setting out roles, responsibilities and p
-scale commercial

rocesses to convert
opportunities; and

Measures to increase awareness and understanding of 5G across stakeholders, including local

authorities and SMEs, and to provide hands

In urban areas, further exploration of commerci
depl oyment that makes

use

-0n support as necessa

ry.

, with the underlying fibre infrastructure extended
o facilitate this:

al models could support cost effective network

of

Il ocal authoritiesbd ex

In rural areas, new approaches to infrastructure and spectrum sharing may need to be explored, as well

as any innovative techni

industry initiatives to address rural coverage

cal solutions that can lower costs

, working to continue current public and
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4 Future scenarios for digital
Scotland

Alternative scenarios have been developed in consultation with SFT to illustrate a range of possible

outcomes for Scotlanddés digital future, | ooking adihead to 2035.
wireless capability within the wider digital ecosystem. As such, the scenarios not only capture
enhanced 4G and 5G capability, but also improved outcomes in related areas, such as fixed

broadband connectivity , loT, cloud computing and data analytics.

Each scenario is expressed in terms of incrementally higher outcomes compared to a base case
scenario that represents how Scotland may evolve based only on current trends, in the absence of
material actions to improve 4G and 5G capabilities, or to accelerate digitalisat ion more broadly.

The Evolution scenario  entails a significant expansion of current capabilities and usage patterns.

1  Users benefit from materially faster speeds and wider coverage, supporting near -seamless
mobility, and driving higher adopti on of connected devices and digital services across
consumers, businesses and the public sector.

1 However, digital divides still exist: rural populations do not experience the same
improvements in speed and coverage as urban areas, and smaller organisations lag behind in
their adoption of key technologies such as cloud computing and IoT.

1 Although 5G networks are deployed in selected areas, the full potential of this technology is
not exploited and overall average speeds reach the maximum theoretical levels o ffered by
current 4G (LTE Advanced) technical standards.

To capture the impact of geographic 4G coverage specifically, there are two variants of th is
scenario, with coverage of 65% and 90 % respectively achieved by 2035 (see Section 4.3).
The Revolution scenario  entails transformative improvements over current capabilities and usage
patterns.
1  This transformative scenario is driven by a successful rollout of 5G across Scotland together

with supporting fibre infrastructure.

1 Flexible and reliable networks provide a tailored service catering to all user needs in terms of
bandwidth, latency, reliability and density of connected devices. These high -capacity networ ks
support a plethora of new use cases that become pervasive across sectors.

1 The digital divide reduced to a minimum, as all types of users benefit from high perf ormance
regardless of location, with gigabit speeds becoming commonplace. Small and large
busi nesses alike can leverage new technologies to generate efficiencies and revenue growth
opportunities.
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digital

potenti al

Scenario specification

wi t h

enhanced

4G and

5G

capability

The scenarios have been developed using a range of metrics covering internet connectivity and

usage by consumers, businesses and t

he public sector

, as summarised in

Figure 21.

The scenarios are not intended as forecasts of future digitalisation in Scotland, rather as alternative

views on how digital

metric have been taken into account, as well as third

Figure 21: Summary of scenario specification
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Connectivity
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Business

Public sector

Consumer

U

Source: Deloitte analysis
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Modest improvements in
internet service

Improvements
predominantly occur in
urban areas

Household internet
penetration reaches 92%
by 2035

Limited progress in
adoption of key
technologies

Increases mainly in urban
areas and large firms

30% of businesses use
10T by 2035

Many public services
remain fAanal

Digital services are mainly
used by younger, higher
income, urban citizens

55% of citizens use online
public services by 2035

Gradual increases in
adoption and usage

Digital divide persists
across regions and
demographic groups

Online banking adoption
reaches 60% by 2035

s to 2035
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)l

=

=

Material increases in
speed and coverage

Increased 4G coverage
improves service in rural
areas

Household internet
penetration reaches 96%
by 2035

Most businesses adopt
cloud and e -commerce

The digital divide narrows
but many firms are still
basic users of technology

45% of businesses use
loT by 2035

Improvement in public
sector digitalisation

A wider base of users is
able to benefit from
digital public services

70% of citizens use online
public services by 2035

Faster adoption of new
leisure and health devices

A wider base of users
benefits from use of
online services

Online banking adoption
reaches 75% by 2035

=

=

)l

isation could evolve. In specifying these scenarios recent growth rates for each
- party projections where available.

4

Revolution

Gigabit speeds become
commonplace

Low latency, high capacity
and reliability unlock new
use cases

Household internet
penetration reaches 99%
by 2035

Digital transformat  ion
across sectors

New technologies and use
cases are more accessible
to all types of businesses

70% of businesses use
10T by 2035

Ubiquitous digitalisation
across the public sec  tor

Advanced loT solutions
create large efficiencies in
public service delivery

90% of citizens use online
public services by 2035

Consumers use a plethora
of in -home and portable
devices for convenience

Immersive audio  -visual
content is ubiquitous

Online banking adoption
reaches 90% by 2035
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The scenarios are described in more detail below.
Connectivity

Improvements in  connectivity are a key component of the scenarios, capturing increases in the
volume and ubiquity of usage, but also improvements the quality of service provided.

Figure 22: Summary of connectivity assumptions

84 % internet penetration 92 % 99%
2 million  M2M connections 10 million 60 million
4.5 billion GB of data usage 20 billion GB 130 billion GB

Source: Deloitte  analysis , Ofcom Technology Tracker, Ofcom Connected Nations, Cambridge Consultants

The overall internet penetration, as measured by the percentage of online households, is high in
Scotland but growth is slowing, with the possibility that a significant minority of the population

remain disconnected or use only relatively basic services, including elderly or low -income
consumers, or residents of rural areas. The scenarios illustrate ste p changes in this respect, with
99% of ho useholds having a home internet connection in the Revolution scenario  as the digital
divide narrows.

At the same time, networks are evolving to accommodate more |oT sensors and machine -to-
machine (M2M) communications, as well as user -operated devices. Even in the base case scenario,
the number of M2M connections is projected to increase from 2 million in 2018 to 10 million by

2035. However, the Evolution scenario  delivers further growth by extending wir eless coverage and
improving quality of service materially above current levels. In the Revolution scenario , widespread
5G deployments support a much higher density of connected devices and simultaneously enable a

greater variety of specialised application S.

The average real -world speed experienced by users also varies across scenarios:

1 Eveninthe base case , download speeds are assumed to increase, but this only takes place
gradually. Average speeds do not grow beyond the maximum speeds currently offered b y
superfast broadband connections and 4G connections in Scotland. For most users, there is
not a material impact on what they are able to do.

1 In the Evolution scenario , average speeds grow significantly faster. Mobile networks fully
exploit the theoretical potential of current network technologies (for example, as defined by
LTE Advanced standards), although these networks do not deliver on the full potential
offered by 5G standards. User experience is generally seamless across most tasks and
overall data u sage is almost 3 times higher than in the base case by 2035.

1 In the Revolution scenario , there is a further step change in average speeds. The technical
capabilities of 5G are exploited, as part of a full -fibre future with flexible integrated
networks. Gig abit speeds become commonplace. Even where sub -gigabit speeds still exist
in rural and remote areas, the speeds are materially higher. As a result, overall data usage
is almost 7 times higher than in the base case by 2035.
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Business

The adoption of  digital technologies by businesses can yield material gains in efficiency and
innovation. Higher adoption rates are therefore a key component of the scenarios.

Figure 23: Summary of business usage assumptions

Business

2035
2018
31% trade online 45% 80%
38% use cloud computing 50% 95%
40% use data analytics 45% 80%
21% use loT 30% 70%
0 . .
7_A) are digital c hampions or 15% 40%
pioneers
Source: Deloitte  analysis , Scottish Government i Digital Economy Maturity Index; Digital Economy Business Survey
Inthe basecase, businessd digital capabilities develop relatively sl
make some use of cloud computing and conduct some portion of business online by 2035, leading

to benefits such as higher efficiency of IT services and increased revenue. However, this leaves

many businesses excluded from these benefits, with a disproportionate share of these being small

businesses or rural busin  esses. Moreover, even among those businesses adopting digital

technologies, usage is often confined to specific areas (such as cloud storage or cloud -based email
services), rather than wider digital transformation across the whole business.

In the Evolution scenario , business adoption of digital technologies increases from this baseline

level. With expanded coverage out to rural areas and improved online connectivity overall, the

majority of businesses now successfully sell online and use cloud comp uting or data analytics as a
means to optimise their operations. However, overall adoption and sophistication of usage are still
constrained by legacy business models and a degree of inertia, meaning that only 25 % of

busin esses are digital champions or d igital pioneers by 2035.

In the Revolution scenario , by 2035 the majority of businesses critically depend on the use of a

range of digital technologies for their day -to - day operations. These technologies are no longer seen

in isolation, but they are used tog ether as part of holistic business strategies. High -performance 5G

networks deliver vastly expanded capacity and tailored services to support a much wider range of

IoT and audio -visual applications, including those that rely on low latency or high bandwidt h,

reliability, mobility and connection density. As a result, IoT becomes a key component of most

businesses6 operations and is often combined with Al and anal yt
efficiencies, new insights, innovative approaches and new revenue str eams.
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Public sector

As in the private sector, adoption of key technologies within the public sector is a key driver of
economic and social benefits that is recognised in the scenarios. Coupled with the willingness and
ability of citizens to use digital public services, there is the potential to create new, more efficient
ways for public services to be delivered, and for citizens and institutions to interact.

Figure 24: Summary of public sector usage assumptions

Public sector

2035

30% of citizens use gov  ernment/local

. ; : 55% 70% 90%

authority  online services
0.11 million M2M connections used . - .

. . . 1 million 3 million 8 million
for public service delivery
- 0.09 million for smart city services 0.5 million 1.5 million 4 million
- 0.02 million for healthcare 0.4 million 1.4 million 3.8 million
- 0.00 million for emergency services 0.1 million 0.1 million 0.2 million

Source: Deloitte  analysis , Ofcom Technology Tracker, Cambridge Consultants

Enhanced wireless and digital capabilities have the potential to improve both the accessibility of

public services and their quality. By making more services and information available online, public
bodies can generate benefits in terms of conv enience, time savings and cost savings, as well as
supporting citizens who may particularly benefit from remote access (such as those in remote

areas, or elderly citizens with limited mobility). On top of this, the rapid development of loT

solutions for th e public sector is creating entirely new ways for public bodies to deliver services in

an efficient and inclusive way.

Inthe base case , the range of public services and information available online increases only
slightly beyond current levels. Almost hal f of the population still does not regularly use public
services online by 2035. The use of connected devices for public service delivery gains some
traction but is mostly limited to simplistic applications in selected urban areas.

In the Evolution scenari 0, the range of public services and information available online expands
significantly beyond what is available today. With increased penetration of both broadband and 4G,

and wider geographic coverage, more people engage with public services online T with 70% of
citizens making some use of online services I and make use of these services more often. The
extension of geographic 4G coverage, together with broader digitalisation across the public sector,

enables additional deployments of loT devices for publi c service delivery. This includes solutions
such as remote monitoring for healthcare patients in rural and remote areas, with material

efficiency benefits as well as improved patient engagement and care.

In the Revolution scenario , digital transformation i n the public sector is pervasive. Online platforms
for public services are sufficiently comprehensive and easy -to - use such that they become the
primary means for most of the population to access public services and interact with institutions.

As in the pri vate sector, high -performance 5G networks deliver vastly expanded capacity and

tailored services to support a much wider range of IoT and audio -visual applications, including
those that rely on low latency or high bandwidth, reliability, mobility and conne ction density. The
use of loT becomes pervasive across areas such as smart street lighting, remote healthcare

monitoring and  waste management
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Consumer

Improvements in connectivity are also reflected in consumer usage of online services and
connected devi ces, which has the potential to widen further.

Figure 25: Summary of consumer usage assumptions

Consumer o

2035
2018

52% use online banking 60% 75% 90%
77% use smartphones 90% 95% 99%
47% use tablets 55% 65% 75%
14% use wearables 20% 30% 50%
7% use smart speakers 15% 25% 45%
2% use smart home appliances 10% 20 % 30%

Source: Deloitte  analysis , Ofcom Technology Tracker

Consumers stand to benefit greatly from enhanced 4G and 5G capability. As geographic coverage
and average speeds continue to increase, the number of people that benefit from time savings and

increased convenience will increase concurrently with the magnitude of these benefits. Higher

speeds could expand the scope of possibilities for everything that makes use of the internet such

that existing connected devices and online services will develop improved functionality T such as
the emergence of 4K/8K videos as the norm 7 which will be complemented by the introduction of
new, more transformative products and services T such as Mobility -as-a-Service (MaaS).

Inthe base case , consumer usage remains focused on audio -visual content, consumed mainly in
HD and 4K formats. Smartphones and tablets are widely used, but mainstre am adoption of other
consumer devices is more limited. A majority of consumers derive cost and time savings from

convenient services such as online banking, but a digital divide persists. For example, 40% of

consumers still do not use online banking by 203 5, which includes a disproportionate share of older
and lower income consumers in rural and remote areas.

In the Evolution scenario , more consumers expand their usage to new types of devices for leisure

and wellbeing, such as wearable devices and smart spe akers. Services such as online banking and
online shopping become ubiquitous, with consumers across most sociodemographic groups drawing

the benefits of these.

In the Revolution scenario , consumers confidently adopt a much wider range of connected devices
to suit every need. For example, smart home devices such as alarm, lighting, thermostats and
appliances gain mainstream adoption, leading to increased security, convenience and cost savings.

Usage of helpful online services becomes ubiquitous, with almost everyone using services such as
online banking. Audio  -visual content remains a key area of focus for consumers and this content
becomes more advanced; even when on the move, users can easily access immersive, high -fidelity

content using AR and VR technolo  gies that is tailored to their location and context.
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As discussed in Section 2.1, geographic 4G coverage is a clear area for improvement in Scotland.
Geographic 4G coverage from all four MNOs was estimated as 38% in | ate 2018, though this has
been growing. Coverage from individual operators was estimated to range from 51% to 68%.

In order to isolate and estimate the potential impact of increased geographic coverage, two
separate variants of  the Evolution scenario  have been developed in consultation with SFT:

1 In alower coverage variant, itis assumed that 4G geographic coverage from all MNOs
reaches 65 % o f Scot | anahdmasstby 2035 ; and

1 In ahigher coverage variant, itis assumed that 4G geographic coverage from all MNOs
reaches 90% of Sc ot | a nahdmsstby 2085 .

Aside from the different assumptions about the extent of geographic 4G coverage from all four
MNOs, the two variants are identical with respect to all other assumptions and parameters.

The scenarios specified in this Section are the basis for the economic modelling of impact
estimates, as set out next in Section 5.
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5 Economic impacts

This section presents and discusses the estimated economic impacts that could be observed in
Scotland under each of the scenarios set out in the previous section.

e assumptions specified in each scenario to estimated
base case itis possible to

An economic model has been built to link th
macroeconomic outcomes. By comparing these outcomes against the
estimate the economic impacts associated with each scenario.

builds on the previo us study on enha nced digitalisation in Scotland
for which speed is used as a
of networks.

The overall approach adopted
and includes an  additional driver of digitalisation: quality of service,

proxy, but which can also encompass features such as the

The framewor k for modelling econo

Figure 26: Economic impact framework
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The high -level logic of the economic impact framework is as follows:

1 Key drivers of digitalisation are identified as the volume of usage of online services and
devices, the rate of adoption of key technologies among businesses, and the quality of
service available.

1 These drivers generate benefits for users, including consumers, businesses and public
sector organisations. Benefits include efficiency gains, innovation and a greater degree of
digital inclusion.

1 Benefits for individual users ultimately lead to economy -wide g ains in aggregate.

An extensive literature exists around the estimation of linkages between digitalisation and

economic impacts. While studies often face data measurement and methodological challenges is
establishing causality, there is a clear consensus that these linkages can create large economic
impacts. 8 Findings from this literature are used to calibrate the economic modelling.

The framework is explained in more detail below. Detailed information on the calculations
performed and on the data sources used is provided in Annex C .

Drivers of digitalisation

@ Volume of usage

There is awide existing literature  indicating that increased internet usage T forexamp le
in terms of penetration rates or volumes of data used i leads to material economic benefits. For
example, a recent empirical study across 75 countries found that a 10% increase in fixed and
mobile broadband penetration increases GDP by 0.8% and 1.5%, re spectively. 70 A separate cross -
country study found that a doubling of mobile data use is associated with an increase in GDP per
capita growth of 0.5 percentage points. e

Enhanced 4G and 5G capability would be expected to generate benefits through increase d volume
of internet usage, in terms of the number of users but also the frequency and intensity of this use.

@ Key technologies

As well as the volume of internet usage, the nature of that usage is key to determining
the resulting economic benefits. In part icular, the adoption of key digital technologies by public and
private sector organisations has been shown to generate efficiency and innovation. For example, a
study for the European Commission estimated that the net benefits from cloud computing across
the EU could exceed (200 billion annually by 2020. 72 In the UK, a study by CEBR examines the
economic impact of big data and 10T and estimates that these technologies will collectively account
for 2.7% of the UKG6s GDPFP from 2015 to 2020.

Enhanced 4G and 5G  capability can stimulate adoption of various complementary technologies,

including 10T, cloud computing, analytics and Al. The economic impact framework focuses on cloud
computing, loT and data analytics, as technologies where sufficient data and evidence is available
to integrate into the economic model.

Quality of service

and

in

A third key driver of digitalisation is the quality of connectivity . With higher quality of
service, further economic benefits are possible even if the numbers of users and the technol ogies
I TU (2018) 6The economic contribution of broadband, digitization
“"Deloitte (2012). 6What is the i mpact of mobile telephony on economic
?Deloitte (2016) 6Measuring the economic i mpact of c¢cloud computing
“Cebr2016). 6The Value of Big Data and the Internet of Things to the
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adopted do not change, because new use cases may become possible thanks to higher speeds and
reliability, for example, or lower latency. While there are many dimensions of quality, only
download speeds have been measured and examined in sufficient de tail in the existing literature.
Therefore, speed is used in the economic framework as a proxy for overall quality of service.

Recent studies have established an empirical link between download speeds and wider economic

impacts. For example, a 2018 study f or Ofcom analysed data across 35 OECD countries from 2002
to 20 16, concluding that an increase in speed from 2Mbit/s to 8Mbit/s is associated with an
increase in  GDP of 0.9%. * This corroborates the findings of a previous study, which estimated that

a 100% increase in speeds  could increase GDP by 0.3%. 75

Benefits for users

Efficiency

A key benefit of digitalisation is the efficiency it can enable by streamlining processes
and flows of information, including through wireless connectivity specifically. For example, a 2014
study in the UK found that the faster speeds provided by 4G could enable time savings with an
economic value equal to £11 billion annually. 76 International evidence supports this, with 86% of
US businesses reporting that 4G helps them t 0 get more work done on the move 7 and a more
recent academic study in Germany finding that mobile internet significantly boosts firm -level
productivity. 78

The specific technologies captured by the framework have also been shown to have efficiency

benefits. For example, a recent Deloitte study found that cloud computing adoption on average

leads to staff time savings of 2 to 3 hours per week and a saving of $3,800 on IT capex for an
illustrative small company. 67 A 2016 study estimates that big data and loT adoption in the UK

typically generates co st savings between 10% and 20%. &

Innovation

Digitalisation has already contributed to disruptive innovation in almost every sector,
from audio -visual streaming services in the media sector, through sharing economy platforms for
on-demand food delivery and ride -hailing services, to mobile banking and financial services apps.

Enhanced 4G and 5G capability will contribute to future innovation, as highli ghted by potential  use
cases discussed in Section  3.2. Again, the role of complementary technologies is likely to be

important. For example, 70% of cloud computing ado pters have reported using cloud to develop

new products, services or business models, to enter new markets, or to enable other innovations.

Many such innovations  rely on adequate wireless network capabilities i for example, a digital

tracking system over |  arge geographic locations, a smart parking solution with over 50,000

sensors, and real -time translations on a mobile app for up to 300,000 concurrent users per

second. & Similarly, 71% of small businesses and 85% of large businesses surveyed in the UK have

reported that loT and big data can help their organisation to innovate. 73
Inclusion
Extension of network coverage and elimination of not -spots can equalise access to
adequate internet services, and to any services that rely on fast and reliable connectivity in order

to function , reducing the digital divide that currently persists between urban and rural Scotland. At

“Koutroumpis (2018). 6The economic impact of broadband: evidence
“Rohman & Bohlin (2012) 6Does broadband speed r eadstiggtingmatter for
OECD countries. d

®“Capital Economics ) . i6d tmipmwlva tnign ¢ otnme cd ¢ vn d my 0

(2014
“Arthur D. Little (2012). o6The Business Benefits of 4G LTES®G
“"Bertschek & Niebel (2016). 6 Mo b i-lUeeel Egidence dvithe Rro PdudivtyEffeciseofe ? Fi r m
Mobile I nternet Useb®
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the same time, wider adoption of smartphones, tablets and other types of connected devices T
both by consumers and by employees in the workplace I can help to create  a more inclusive digital
society. Further development of 4G and 5G capabilities can remove some of the key barriers to

adoption of use cases across sectors and help to include many more businesses in the process of

digital transformation, including small businesses who may otherwise lack the resources to

overcome these barriers (for example by deploying a private network).

Macroeconomic outcomes

The above factors, in aggregate, have the potential to i mprove
performance. Key met rics considered in the economic framework are summarised below.

Gross Domestic Product (GDP)
@ By enabling greater productivity and business efficiency, stimulating innovation, and better
connecting consumers and businesses, digitalisation can  materially increase economic
activity and output, resulting in additional gross domestic product. As set out above, the existing
literature establishes a link between GDP and adoption of fixed and mobile broadband, and related
technologies such as cloud a  nd IoT. While any projections of the impact of 5G remain uncertain at
this stage, a recent study estimates that the 5G value chain will generate $76 billi on of output in
the UK in 2035. 7°

506 Jobs

Any increase in GDP is typically the result of a combination o f increased employment and
increased worker productivity. The generation of additional economic activity and output,

the creation of new business models, products, and services and the subsequent implications on

organisational structure stimulate labour de mand and creates new jobs across a variety of

economic sectors. While there is the possibility of job losses arising due to technological change,

for example where automation reduces the need for human effort, historical analysis suggests that

the net resu It is typically positive. 8

Businesses
HEH Increased adoption of digital technologies such as cloud computing, the availability of

online marketing options, and the development of remote working practices reduce some
of the start -up costs for businesses, whils  t technology also generates entirely new revenue
opportunities and business models. In combination, these trends incentivise the creation of new
businesses. For example, one academic study finds that mobile broadband is associated with an
increase in entre  preneurship, 8 while Deloitte research has found that 4% of businesses using cloud
computing report that they could no t operate at all without cloud. 67

Exports

@ The benefits of digitalisation can contribute to Scotlandbs i,nternational ¢
with an increasing share of businesses engaging in e -commerce and specific use cases

strengt hening key sectors, as set out in Section 3.2.Thisinturn can provide a boost to exports.

Tax revenue
Assuming tax structures are broadly unchanged, any increase in economic activity and
output is expected to result in increased tax revenue for government. In the long run this

can be reinvested into public services to deliver additional social and economic benefits.

wi || contribute

| HS Markit (2017). 6The 5G economy: How 5G technology
obs in the UKS®S
0

8% pDeloitte (2015). OFriomhériammadct of at @cshnol ogy on j
81 Alderete, Maria Verénica (2017) . Madbile Broadband: A Key Enabling Technology for Entrepreneurship?
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As setoutin Section 4, the scenarios that have been modelled are:
1. Basecase 1 abaselinescenario t hat assumes only gradual i mprovements
and 5G capability over the projection period (2018 -35), without any material new actions

to enhance future digita | capabilities;

2. a) Evolution (65 % 4G coverage ) i an evolution of current capabilities and usage,

(0]

whereby Scotl andds internet usage and adoption of key techr

potential of 4G technical standards (including LTE Advanced) is fully exploited and 4G
geographic ¢ overage from al | MNOs reaches 65 %.

b) Evolution (90 % 4G coverage ) i an alternative variant of the Evolution scenario  in
which 4G geographic coverage from all MNOs reaches 9 0%, bridging the digital divide

between urban and rural Scotland. Mobile broadband penetration and internet usage are
assumed to increase as a result, but all other assumptions re main the same asin  Evolution
(65 % 4G coverage ).

3. Revolution 1 atransformative state of the world in which pervasive, high -performance 5G
connectivity is at the heart of a rapi d acceleration in digital transformation. Flexible and
reliable networks provide a tailored service enabling a plethora of innovative use cases. The
digital divide is  reduced to a minimum and the vast majority of businesses are able to
leverage new technol ogies to generate efficiencies and revenue growth opportunities.

These scenarios do not explicitly consider the supply -side requirements, such as fibre infrastructure

and spectrum availability that may needed to support the demand profiles, or the specific services
or activities that consumers undertake to generate aggregate -level outcomes. Effectively the
scenarios assume that the necessary investments in infrastructure, and other areas such as digital

skills, take place in order for the specified scenario outcomes to materialise.

All economic impact estimates presented below are relative to the base case and therefore
represent the incremental improvement that could be achieved against that baseline. In addition ,
all results a re presented as the difference  between the value under the base case and the value
under the scenarios by the end of the projection period in 2035.

Impact on GDP and tax revenue

Economic modelling indicates that, in the most optimistic case as outlined by the Revolution

scenario , digi talisation supported by enhanced 4G and 5G capabilty coul d i ncrease Scotlandds
by up to £17 billion by 2035 relative to the base case . This is equivalent to an increase in G DP per

capita of around £3,000.

In the more moderate case of the Evolution sce nario , the full potential of 5G and the use cases that
it can support do not materialise. In this case, the incremental GDP impact relative to the base
case is estimated to lie in the range of £6.3 billion to £7 billion by 2035, reflecting the variance

bet ween the two variants of the Evolution scenario . In this case, the impact is equivalent to an
increase in GDP per capita of around £1,100 to £1,200.

The impact of increasing the level of 4G geographic coverage (from all MNOs) th at is achieved by
2035 i from65%to90 % 7 is estimated as £700 million by 2035, while holdi ng all other

assumptions of the Evolution scenario  constant.

In terms of GDP growth, Scotlandés GDP is assumed to grow at

2018 -35 periodinthe basecase ,whi ch is significantl y -rondréndgrowthcatet | andds | ong
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of 2%. 82 The value of 1.5% is derived from third - party projections and this study does not make
any specific assumptions about potential future macroeconomic shocks.

In the Revolution scenario , a combination of improvement in productivity and increase in

employment fully restores the long -run trend growth rate of 2% over the 2018 -35 period. In  the
Evolution scenario , the more moderate impact results in an average growth rate that remains

below the long -run trend growth rate of 2%, at 1.7%.

Figure 27:Incremental GDP relative to base case in 2035 (£ billions)

17.0

6.3
Evolution (65% 4G Evolution (90% 4G Revolution
coverage) coverage)

EUrban ®Semi-urban B Rural ®Remote rural

Source: Deloitte analysis. Figures are rounded.

Figure 28: Incremental GDP per capit  arelativeto base case in 2035 (£)
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3,000
i
2,300 \
1,700 \
1,500 1,500 1,500 \
1,100 1,200 \
900 900 1,100 900 N \
\ . .
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Source: Deloitte analysis. Figures are rounded.
82Scottish Government (2018). o0State of the Economyod.
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Comparison  to previous studies

The previous study for SFT published in 2015 estimated that the potential GDP impact from

Scotland becoming a  World Leader in digitalisation  could be around £13 billion in 2030. In absolute
terms, the current estimate of around £17 billion in 2035 for the Revolution scenario s larger than
the impact estimated in the previous study.

However, the difference is smaller when the impacts are expr essed relative to baseline GDP in the
relevantyear 1 2030 and 2035 for the previous and current study respectively. When expressed in

this way, the Revolution scenario  has an estimated economic impact equal to 8% of 2035 GDP,
compared to an estimated impa ct of 7% of 2030 GDP for the World Leader digitalisation scenario in
the previous study.

The two studies are not directly comparable due to the different time periods used, changes in the
Scottish economy since the previous study, and updates made to the methodology based on the

latest available literature and evidence. Nevertheless, the GDP i mpact estimated in the current
study for the Revolution scenario  suggests that, despite recent improvements in digitalisation of the
Scottish economy, the economic opportunity from further improvement remains vast due to the
transformative role that 5G cou Id play in combination with other technologies and innovations.

The Evolution scenario  could also be contrasted against the Incremental Improvement and World

Class scenarios from the previous study. The Evolution scenario  is estimated to result in increased

GDP of around 3% in 2035 relative to the base case , compared to 2% and 5% in the Incremental
Improvement and World Class scenarios respectively from the previous study. This reflects that the
Evolution scenario is suffic ient to deliver material economic improvements but, without a fuller

exploitation of the potential of 5G and related technologies and use case s, it may not be sufficient

to create a world cl  ass digital economy for Scotland

For more detail, see  Annex D.

In absolute terms, the GDP impact is far larger in urban and semi -urban areas than in the rest of
Scotland. However, this is to be expected given that urban and semi  -urban areas account for the
largest proportion of economic output. In fact, it is rural a nd remote areas that see the largest
proportionate  impact in the most positive scenarios, as enhancements in 4G and 5G capability

narrow the digital divide by allowing consumers and businesses to access superior, transformative
services irrespective of geo graphy .

Figure 29: Increase in GDP relative to the base case , as a percentage of base case GDP in 2035
10.9%
10.2%
8.0% 7.9%
0,
4.7% 5.2%
31% 3.0% pgy 3% 3.2% 3.1%
Evolution (65% 4G coverage) Evolution (90% 4G coverage) Revolution
Urban B Semi-urban Rural B Remote rural

Source: Deloitte analysis

In the 65% 4G coverage variant of the Evolution scenario, the relative GDP impacts are roughly the
same across Scotlandés regions. This reflects 5%poht a digital
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Scot | aandmass still not covered by a 4G signal from all operators, and urban areas continuing
to benefit from markedly faster services.

In the 90% 4G cov erage variant of the Evolution scenario , the increase in geographic coverage
primarily benefits rural and remote areas, to the extent that they see a GDP increment of around
5% by 2035, compared to 3% in urban and semi -urban areas.

In the Revolution scenario , which builds upo n the more positive 90 % 4G coverag e variant of the
Evolution scenario, the economic impact is again skewed towards rural areas rather than urban

areas. Even though urban areas overall continue to see the highest -performance networ ks and the

highest business adoption rates of key technologies, the vast majority of rural consumers and
businesses can access connectivity that fully caters to their requirements. As a result, the increase
in GDP in remote areas is as high as 11%, compare d to 8% in urban areas.

Increased economic activity and output expand the tax base, resulting in increased tax revenues.

Figure 30: Incremental annual tax revenue relative to base case in 2035 (£ billions)
5.7

2‘1 2.3 -

I I
Evolution (65% 4G Evolution (90% 4G Revolution
coverage) coverage)
Income/wealth tax m NI contributions Production/import tax

Source: Deloitte analys is

Assuming existing tax structures broadly persist out to 2035, in the Revolution scenario  total

estimated tax revenues collected in 2035 increase by £5.7 billion, relative to the base case . In the

Evolution scenario , it is estimated that the increase in tax revenues collected in 2035 will be £2.1
2.3 billion, relative to the base case .83

Impact on employment and productivity

The long -term increase in GDP across these scenarios ultimately reflects a combination of two
factors:

1 Anincrease in the absolute  level of employment, as increased economic activity entails the
expansion of existing businesses and the creation of new ones, generating a substantial
increase in labour demand, while mobile technologies can also facilitate wider labour force
participatio n through remote and agile working; and

1 Anincrease in productivity among those workers who are employed, due to the new ways
of working enabled by wireless connectivity and related technologies.

8 The tax revenue impact should not be considered as a fully distinct and additional impact on top of GDP as
much of this revenue w ill be used by government to purchase goods and services, which is by definition
counted under GDP
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With regard to employment, the net number of new jobs create
if the potential of  wireless technologies isf ul | vy
base case in 2035

Figure 31:Incremental jobs  relative to

163,000

58,000 68,000

Evolution (65% 4G
coverage)

m Urban

Evolution (90% 4G
coverage)

B Semi-urban = Rural

Revolution
B Remote rural

Source: Deloitte analysis

In the Revolution scenario |, it is estimated that

enhanced

|l everaged

widespread digitalisation and

4G and 56G

d in Scotland could exceed 150,000
to further

capability could create up to 163,000 additional jobs by 2035 for the Scottish economy relative to

the base case , representing an increase of around 6% compared to t
employment in 2035.

In the Evolution scenario , it is estimated that 58,000

he projected level of

-68,000 additional jobs could be created by

2035, representing an increase of around 2% to 2.5% compared to the projected level of

employment in 2035.

As well as an expanded labour force, productivity per employee is estimated to increase as more

basic processes are automated, allowing employees to focus on higher value
so, they can make use of seamless connectivity and digital tools to colla
-commerce and m

they can develop new revenue opportunities through e

-add tasks. In doing
borate more effectively,

they can explore technological solutions to reduce costs and drive efficiency further, creating a

positive feedback loop that may lead to ye
Figure 32: Increase in productivity by 2035 (£ per employee)
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Source: Deloitte analysis

t higher productivity in the future.

. Only a single set of outputs is produced for the Evolution scenario, because the modelling assumes

for tractability that the productivity impact is the same across both variants of the Evolution scenario.

As 4G capability is enhanced, annual productivity per worker increases by a weighted average of

£650 in the Evolution scenario . In the Revolution scenario
the weighted average increase rising to £1,600.
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Impact on new business creation and exports

Digitalisation can support flexible, highly digitalised businesses that rely on technologies such as
cloud computing to av  oid many of the costs traditionally associated with starting and operating a
business (such as IT capex). In addition, improving connectivity creates new demand for digital
services across sectors,  with opportunities for businesses to expand and develop ne w product
offerings, or for new businesses to enter the market.

As a result, a key impact across the scenarios modelled is the estimated increase in new

businesses T many of which are likely to be Digital Champions or Pioneers i and the growth in

exportvo | umes, both of which are indicative of bolstered global <co
economic sectors.

Figure 33: Incremental annual exports relati veto base Figure 34: New businesses created relative to
case in 2035 (£ billions ) base case in 2035
3,100
3.3
1.4
1.2 1,100

Evolution (65% 4G Evolution (90% 4G Revolution ) )
coverage) coverage) Evolution Revolution
Source: Deloitte analysis Source: Deloitte analysis

In the Revolution scenario , more than 3,000 new businesses could be created by 2035,
representing an increase of 1.5 % compared to the projected total number of businesses in
Scotland by 2035 inthe base case . The estimated value of exports increases by more than £3
billion, compared to a current value of total exports of around £32 billion in Scotland. 84

In the Evolution scenario , the number of new businesses created by 2035 is estimated between
1,200 and 1,400.  The value of exports is estimated to increase by between £1.2 billion and £1.4
billion .

5.3 Longer -term estimates of economic impact

Looking further ahead into the f uture, illustrative economic impacts to 2050 have been estimated

for the Revolution scenario  to show what further gains may be possible .85 These estimates are
based on a less detailed approach than the core 2035 estimates presented in section 5.2 and they
are inherently more uncertain. They should therefore be interpreted as indicative.

In the Revolution scenario , by 2035 the usage of 5G is already prevalent, in conjunct ion with key
digital technologies such as cloud computing, data analytics and the loT. While the adoption rates

of these technologies may already be approaching a saturation point by 2035, there may be further
improvements possible in terms of intensity an d sophistication of usage, adoption of specific use

cases 1 such as connected and autonomous vehicles, which may not gain widespread adoption by

84 https:/iwww?2.gov.scot/Topics/Statistics/Browse/Economy/Exports/ESSPublication
8 This analysis is not carried out for the Evolution scenario, as by construc tion the Revolution scenario is
incremental to the Evolution and therefore already represents the further gains that may be possible.
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2035 i and even entirely new technologies that cannot be anticipated at this point in time (such as
a sixth gen eration of mobile network technology).

Based on an extrapolation of the projected annual impacts to 2035 under the Revolution scenario
it is estimated that economic impacts could reach up to £34 billion by 2050, representing a 13%

i ncrease on pioedda P0BNGDB.Shis compares to the core estimate of an 8% increase

in 2035 GDP for the Revolution scenario  relative to the  base case .

While the economic impact estimate presented does not make any assumption about specific
technological developments beyond 2035, it gives an indication of the potential benefits that might
be achieved from further progress.

A summary of the potential magnitudes of the economic impacts by 2050 under this progression
the Revolution scenario  are presented in  Figure 35, alongside with the core impact estimates by

2035 for reference.

Figure 35: Summary of core  economic impact in 2035 and indicative longer -term estimates in 2050

Source: Deloitte analysis
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