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Future value of mobile in emerging market$ 1

1 Introduction

Analysys Masorwasengagedy Ericssorto produce a detailed analysis of the sastd benefits

of 5G deployment il5 emerging nationsncluding Bangladesh, Brazil, Chile, Colombia, Egypt,
India, Indonesia, Malaysia, Mexico, Morocco, Nigeria, Pakistan, South Africa, Thailand and
Turkey, based on three deployment scenarios

This study wasconducted between March adttober2022,i n col |l aborati on wi't
regionaland localteams fol5G policy and technologfpr the markets under study

The studywas to quantify

1 the cost and extent of 5G coverdigely to beprovided bycommercially ledbG roll-out using
available 5G bandsi.e. low band, midband andmillimetreewave (hmwWave,!, over a
timeframefrom 2020 to 2035This commercially leddeploymentis assumedo be mainly
motivated by demand faronsumerdriven use cases, includingnhancednobile broadband
(eMBB) and fixedwireless access (FWAThisisthe6 basel i ned scenari o.

71 the additional investmemteededeyond the baseline #xpandthe footprint of low-band 5G
and achievevider geographical coverag€his expanded footprirg assumedo be useful for
some industrial use casésg.in sectors such aagricultureor freight and logisticsand for
consumerdocatedin rural areasThis istheé | vamd e x pansi onScenariocoknari o, i

71 the additional investmemieeded beyond the baselimeextend mieband coverage to achieve
similar geographical coverage the lowband baseline footprinWe assume this wiknable
more advanced 5G use caebe offered in the marké€e.g. automation, augmented and virtual
reality, highquality video processing imdustrial sectors)Thisist he -bar dd expansi on
scenario, i.e. Scenario 2.

1 the consumer surplus that 5G is expected to gerfevatecGbased MBB use as a result of the
availability of higher speeds and improved experience for a significantly lower cgsgaeyte
(GB) than with previous generationsrobbiletechnologiesConsumer surplus is quantified in
the baseline scenariwhile theadditional surplugenerated bthe greateproportion ofmobile
subscribergovered bysG is calculated irScenario landby having access to higher speeds
across a larganid-bandfootprintin Scenario 2.

1 the incrementaéconomicgrossdomestieproduct(GDP) benefits that 5G coverage expansion
brings which are estimated based on 5G enablinge casescross fiveindustry clusters
including smart factories, mining, construction, energy and utilig@sartindustry cluster)
airports, ports, freight andgistics (Smartlogistics cluster)agriculture(Smartrural cluster)

1 In this report, lowband spectrum refers to sublGHz spectrum used to initially introduce 5G services (e.g.
600MHz, 700MHz). Midband spectrum refers to 2.3GHz unpaired, 2.6GHz unpaired or 3.5GHz spectrum.
Millimetre-wave (mmWave) refers to spectrum between 24GHz and 40GHz
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Future value of mobile in emerging market$ 2

municipal buildingsandhealthcaréospitaly Smartpublic services cluster)Economicbenefits
are quantifiedor both Scenario 1 and Scenario 2, basethe expected contribution of lew
band and mitband spectrum (respectively)ttmsebenefits.

The study alsassessedualitatively, in each benchmark countiie potential of 5G to help reduce
greenhouse gasmssionsgn industrial sectorthrough achieving greater efficienagdproductivity,
and to enabla range of social benefits (social inclusion, safety and security, wellbeing).

This reportprovides a summary of the key findings of the studwnd is struttred as follows:

1 Section2 summarises thiateststatus of 5G deployment in each country

71 Section3 provides an overview of the framework used for the-besiefit analysis in the study

1 Sectiond describes our modelling approach towfifst the costs and benefits, and the main cost
and benefit output

1 Section5 summariseghe results of our analysis of the social and environmental benefits of 5G

T Section6 ses out our conclusions and recommendations
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Future value of mobile in emerging market$ 3

2 Status of 5G deployment in emerging markets

Severalmobile network operators (MNOgjave now launched initial 5G services emerging
countriestypically by adding 5G new radio (NR) their 4G infrastructureCommercial 5G services
were available irBrazil, South Africaand Thailandas early a202Q while MNOs in Chile and
Malaysia yia national wholesale operat®igital Nasional Berhador DNB) switched on their
commercial 5G networks in 202Most recently,Telcel in Mexicolaunched 5Gn February 2022
MTN in Nigeria in September 2022, whitértel and Jio switched on their 5G networks in key cities
in Indiain October 2022Figure2.1 below provides an overview of publicly reported 5G launches
to date by MNOs immergingcountries.

Figure2.1: Commercial5G availabilityin emerging markets as of October2022 [Source: Analysys

Mason, 2022]
Launchdate |
Brazil Q3 2020 Claro and Vivdaunched 5G services using 700MHz, 1.8GHz and
2.6GHz via dynamic spectrum sharing (DSS)Jaly2020
Chile Q4 2021 Entel, Movistarand WOM launched 5G services using 3.5GHz
spectrum in Q4 2021
India Q4 2022 Airtel and Jio launched 5G services several large citiesn early
October 2022
Malaysia Q4 2021 DNB switched on its 5G wholesale network in December 2021 using
both 700MHz and 3.5GHz frequencies
Mexico Q1 2022 Telcel launched 5G services in February 2022 using 3.5GHz
spectrum
Nigeria Q3 2022 MTN launched 5G commercial services in September 2022 in some
areas of Lagos, with plans to expantb other cities in the near term
South Q2 2020 Vodacom and MTN launched 5@on-standalone NSA in Q2 2020
Africa using temporary concessiorspectrum (700MHz, 800MHz, 2.3GHz,
2.6GHz and 3.5GHz)
Thailand Q1 2020 The regulator awarded unpaired 2.6GHz spectrum in early 2020,

which AlSusedto launch 5G services in Februarg020

MNOs in Indonesia andColombiaare anticipated to introduce 5G services in 2028.clear
announcement of a timetable for spectrum allocation and deploymasnbeen made so far
BangladeshiEgypt, MoroccoPakistanand Turkey.

Initial 5G deploymentsave typically beenriven by derand for mobile data services, anence
5G has beensed by MNOs to offer eMBBnd FWAservices to consumensith higherspeedand
lower latencyimproving theoverall experiencef existingmobile services.The evolution of 5G
networks toa standalong(SA), virtualised architecturetogether withnew associated technology
developments such as edganputingand artificial intelligence (Al)is expectedo generate further
improvements in latency and bandwidthd expand theange of5G use casgavailable(e.g. virtual
reality for immersive broadcastingf live eventsin-store shopping experientased on augmented
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Future value of mobile in emerging market$ 4

reality, cloud gamingvideo streamin@n 8K resolution. Thesenew uses wilincreag data intensity in
telecomaetworks meaning that wbile data traffic is expected ¢wow quickly,with figures fromthe
latestEricssonMobility Report suggesting thathe averagenobile data trafficper smartphone could
more than quadrupleetween 202and 2027n emerging nationseacting 34GB per month in 2027 in
Latin America(up from 7.9GBper month in 202145GBin SouthEastAsia and Oceanigup from
9.4GB per month in 2021)1GBin sub-Saharan Africa (up from 2.9GB per month in 203DGB in
India, Nepaland Bhutan (up fror20GB per month in 2021) andbGB inthe Middle East and North
Africa (up from 10GB per month in 2021)

Figure2.2: Average monthly dataraffic per smartphone subscriber [Source: Ericsson, 2022]
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Beyond consumer use cadés, evolution of 5@vill be akey enablefor avarietyof industrial use case

that would be difficult to implemeifitilly usingpreviousmobile technologieg\s a result, it is expected

that once 5GSA networks are fully deployed, large portion of the benefits of 5G to national
economiewill be generated bindustrialuse case®ithervia economywide effects oby creating
significantgains within economically important secto¥®hile the most economically important
industrysectorswill vary from one country to another, the range of applications and sectors where
5G technology might play a role is likely to be diverBegure 2.3 providesexamples oflive
deployments anttials of industrial 5G use cases in a variety of sectors

Figure2.3: Examples of 5Quse cases and their benefits [Source: Ericsson, 2022]

Case description Benefits indicated by trials
sector

Smart Highly automatedfactory from Ericsson Increasedefficiency,
industry producing5G network equipment.The improved visibility into
2 Seefurther detail at: https://www.ericsson.com/49d3a0/assets/local/reports -papers/mobility-

report/documents/2022/ericsson -mobility-reportjune-2022.pdf
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Case description Benefits indicated by trials
sector

factory is a fullscale operation reaking
the potential of 5G with Industry 4.0 to
enable intelligent automation and
leverage reaftime data across
operations.Key initial Lse casesenabled
in the factoryinclude energy data
management,environmental monitoring
and augmented reality for remote
support

energyconsumption and
reduction in energy hill,
waste reduction,increase
in machine uptime,
reduction in travel and
labour costs

Smart Australia  In partnership withwireless edge Improvedexisting network
industry networkingequipment manufacturer performance,driving
Cradlepointand Telstrg construction improved cost efficiencies
group TaylorConstruction deployed at and increased client
selected construction sites5G-based satisfaction
high-speed connectivityto enable next
generation applications such as
holographic building visuasiation, wide
area safety scanningreaktime design
displayand IoT structural sensing
Smart India Global tool manufacturerStanley Black &  Optimised energy
rural Deckerworked closely with Ericsson and  efficiency and water supply
Deutsche Telekomnto roll out a sustainability, reduction in
connected smart irrigation platformto energy bills for farmers
manage, monitor and trackconnected
solar-powered water pumpsBased on
2G today but with capabilities of 5G to
support massive loTthis type of low
band industrial case can be further cost
effectively scaled
Smart USA Agricultural machinery manufacturer Improved productivity,
rural John Deereunveiledan autonomous reductionin labour costs

tractor fitted with Alenabled cameras
enabling the detection of obstaclesand
calculation of distances. Lowatency 5G
connectivity is expected to play &eyrole
in autonomous operations(e.g. by
helping farmers remotelycontrolling
tractors, or havingrealtime access to
live video, images, metrics and
notifications)

improved safety

The speed at whictie benefitsof 5G will be achievedor consumersvill dependto agreatextent
on the pace at whictMNOs invest inand implement widespreadoll-out of 5G networkskFor

industrial use cases, the benefits of 5G are dependent on the extent to which industrial sectors adopt
new ways of working via digital transformation, of which 5G is a part.

In several Bnchmark countriem this study 4G services have been launched relatively recently
which will likely limit the M N O sn@entive to invest significantly in the deployment of 5G before
achieving a fair return on investment from their existing¥&vorks.n Pakistanfor example, Jazz
and Zong launched commercial 4G services in 2014, Telenor in 2016 and U&XDjm Egypt,

all four MNOs launched commercial 4G servige2017.Even among countries where 5G services

S analysys
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Future value of mobile in emerging market$ 6

are being planned for laah in 2022 or 2023, the overall adoption of 4G fluctuates significantly
from one market to another and hence the extent of initiabB&@ut might be uncertainlThis is an
especially important issue for policy makers which are looking to maximise tih@esocomic
impact of 5G in their countries.

Incentivising operators to accelerate 5G deployntieerteforerequires a careful demonstration of
the cost and benefits athieving avidespreadG footprint, which has beethe core focus of this
studyand is dscussed in the following sections.
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3 Framework for theostbenefit analysis in this study

The objective of this studyas been to modéhe cost and benefitof the deployment dG in the
15 emerging countriesonsideredfor 12 different use casesid under three deployment scenarios.

The baseline scenario considers ¢bst and extent afommercially ledbG eMBB and FWAroll-
out usingavailable 5G bands.e.low band, midoand and mmWavéetween 2020 and 2035.

Scenario 1 quantifiehieadditional investmenteeded t@xpand the footprint of lovkand 5G and
achieve wider geographical coverate be used by some industries (e.g. agriculture, freight and
logistics) and consumers in rural areas.

Scenario2 evaluateghe additional investménmequiredto extend mieband coverage beyonts
baselinefootprint to achieve similar geographical coveragehe lowband baseline footprint, to
enable more advanced 5G use cases (e.g. automation, augmented and virtual reatjtialibygh
video procsesing in industrial sectors).

The studyhas considerefibur types of benefitasillustrated inFigure3.1 below:

1 The consumer surplus that 5G is expectedeioerateas a result of the availability of higher
speeds and improved experience for a significantly lower paisgigabyte GB) than with
previous generations of access technolodg&sisumer surplus captured under théSmart
consumebcluster

1 Theincremental grosdomestieproduct (GDP) benefits that 5G coverage expansion brings to
use casesacrofsour cl uster s, including 6Smart indust
6Smart p u b. lincremendak GDP i benefits Gare quantified forhb&cenario 1 and
Scenario 2, base@n the expected contribution of lelband and micband spectrum
(respectively) to economic benefits

1 The environmental benefiteeneratedy 5G, based on its potential to help reduce greenhouse
gas emissions in indusdtisectos through greater digital transformation, of which 5G is a.part

1 The social benefitassociated withe use of 5Gincluding improved social inclusion, safety
and security, increased wellbeing, etc.

Theconsumer surplus and incremental GDP bénkéive beemstimated viajuantitative analysjs
while the environmeial and social benefitsave beemstimatedjualitatively.

3 Note that Malaysia isa unique case 5G is being rolled out by a single wholesale network operator, DNB
with a commitment to deploy a nationwide 5G network. In agreement with Ericsson, we have considered any
further expansion Scenarios 1 and 2) of this baseline deploymertb be outside the scope ofour analysis,
and have associated the economic benefitsf&G to the baseline deploymentonly.
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Figure3.1: Overview of 5&lusters, use casesand benefit types in the study[Source: Analysys Mason,
2022]
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4 Costs and benefits of 5G deployment

This sectiorprovides adescription for eachdeploymentscenario, of our modelling approach and
main assumptionsinda discussion athe key resuft.

4.1 Baseline scenario

4.1.1Modelling approach and assumptions

The baseline roHout modelis used tcestimate the costand benefitsof commercial deployment
usingavailable 5G bands the market in questigmcludingin low band €.9.600MHz, 700MH2),
and mid band €.g9.2.3GHz unpaired, 2.6GHz unpaire8l5GH2. We also considethe future
availability of mmWavespectrum €.g9. 26GHZ to provide FWA serviceandto be usedy small
cells deployed insomeurbanareas Our modelling excludgethe impact ofre-farming of existing
mobile bandsn sub1GHz andli 3GHz spectrum that are currently used for 2G, 3G oA
instead focuses on the costs of rolling out 5G NR in new 5G spect@rtraffic is expected to
account for over 50% of mobile data trafficiiat least 2029 in mos&tenchmarlcountries, pushing
back the timeframéor any refarmingof existing mobile band® the very end of the forecast period
considered in this exercisen net present value termany cost incurred in this later part of the
forecast period would be significantly discounted, considenaaycingthe impact of rdarming
on the overall cost of rebut.

We have assumed leland5Gis rolled out across all existing sites in each mariech thatong-
term population coveragenatcheshistorical longterm 4G population coveragé&or mid-band
spectrum we have assumd roll-out across all urban and suburban macro sites, whichave
modeledto be areas above a population density of @@ple pekm? in most market$ We have
also assumed the deployment of 26Gltangsidethe mid-bandfootprint to provide FWA services,
as fibreto the home (FTTP) is unlikely to be deployed extensively in mamergingmarkets
Spectrum in th6GHzbandis also assumed to be used ffaralised coverage provided kynall
cellsinar eas qualified as fiurban hotspots

For each country, we have applied@populationcoverage profilewith roll-outgoing up to 100%
of the longterm coverage achieved by type of banver a defined periodDur modelling assumes
thatlow-band and mieband deploymemwill acheve100% of longterm coverage®iithin six to nine
years from the initillaunch depending on the country considered

4 In most markets, we have applied #hreshold value (600 people per kr?) for midband rollout. We have
used a higher population density threshold (up to 1800 people p&m?2) in Pakistan and Bangladesh where
mobile connectivity ARPUs are significantly lower (up t85times lower) than in most other countries
considered. For Malaysia, we havesed a lower density threshold valuelQ0 people perkm?2) for midband
rolout to reflect DNBG6s commitment to provide access to
subscribers across Malaysia

5 Wehavemodel | ed 6ur ban hotsswihootres D0 Ginhabitabta n | ocat i on
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Population coveragealongside detailed population distribution data andreglius assumptions,
has beenused asnput to calculatethe number of 5G sites required to cover each couktoye
specifically,population distribution dateor eachmarketis contained within a grid ciireasquares
(commensurate with cell sizethese squareare thenranked by population density to calaala
populationarea curveandto determinairban, suburbaandruralsite classifications or 6 geot ype s
The number of @cro sites focoverage in each geotypeestimatecbased on theell radiusper
sitefor different frequency bangdwith roll-out occurringrom highest population density lowest

up to longterm population coverag@he numbelof sites used for lorterm population coverage
combined withthe total number of macro sitasailableper countryis then used to estimate the
numker ofremaining siteshat can be used for capagityhich we assumed to be distributed across
the coverage grid according to population.

Unit costfigures(capex and opexdre appliedor the projected numbeif sites to estimate thmost

of 5G rollout. Thetotal cost of deployment per market is calculated by multiplghiegost incurred
by a hypothetical MNO by an adjusted number of MNOs per couniry adjustment factds an

assumption we have developedaflectthenumber of operators in a market taking accoursingf

publicly reportechctive sharing agreemertor 4G or 5G

Economic benefitsn the form of sectoral GDP upliftare expected to be less relevant to the
deployment of an initial eMBBetwork anchavenot beenconsidered in the baseline scenario

The onsumer surplusas beegalculatedy estimatinghe differencéetweeran assumedost per

GB of mobile datahata 5G mobile subscribavould be willing to payfor 5G servicesandan
estimate of thactual cost per GBicurred multiplied bythe average mobile data traffic generated

by that subscribefThe cost per GB of data varies between markets, as does the average data traffic
per subscriber, and both affect the magnitude of the consumer syepkrmted per 5G subscriber

The overall consumer surplhgasthenbeenextrapolatedy multiplying thesurplusper subscriber

by a projectedotal number of 5G subscribers over time.

4.1.2Key results

Our modelling suggests thathenlow bandis deployed acrasthe entire grid in all countriet,
typically achieves population coverage above 20%®03Q in line with longterm 4G coverage
Geographicatoverages drivenby thedistributionof populatioracross the land area, and as a result
varies significantly across countrieBecause mnal-band 5G is typically deployed in urban and
suburban areamid-band coverages expected to cover onB0i 70% of the populatiom the long
termi.e.lessthan 6% of h e ¢ o unt r As@rsexamplefFdurest.i shaws thdow-band
mid-bandcoverage footprinat mdurity for Brazilin the baseline scenario
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Future value of mobile in emerging market$ 11

Figure4.1: Baseline scenariccoveraged Brazil [Source: Analysys Masometa, OpenStreetMap
contributors, World Bank2022]

Il Area covered by mid band and low band

I Non-agriculture area covered by low band only
M Agriculture area covered by low band only

¥ Agricultural area with no coverage

Road - Railway

We estimate theggregate cost of 5Groll-outto be USD3 8 billion in mostbenchmark countries
and up tdJSD75 billion inindia, as showrin Figure4.2 below.Mostdeployment costs are incurred
by 2028i 29, by which point 5G is fully rolled out across e stingnetworkgrid in most countries

Figure4.2: Cumulativenet present value of5G rollout costs by countryacross all MNOs2020 635
[Source: Analysys Mason, 2022]
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Our resultsindicate thathe introduction o6G networkscangenerateconsumer surplus totalling
~USDL1i 10 billion per country, adlustratedin Figure4.3 below.
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Figure4.3: Cumulativenet present value of consumer surplus2020835 [Source: Analysys Mason,
2022]
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4.2 Scenario 1i extending lowband 5G coverage

4.2.1Modelling approach and assumptions

From the baseline scenario, we have estimated the incrementabftestendingthe footprint of
low-band 5Go all rail, road andgriculture areas'his expandedbotprintis assumed to be driven
by industrial demands taddresssomeuse casethat 5G can enablacross vertical clustelg.g.
agriculture freight andogistics)as well asto provide population coverage rural area.

We have assumed thieployment of a single network infrastructioetween 2026 and 2032 for
low-band coverage beyond the baselwéh active sharing between MNOs éach marketWe
havealso assumed that building greenfield sitestleseareascarrieshigher unit costs (due to
difficulty of installation, cost of providing power, etc.).

Economicbenefits have been calculated by estimating the sectoral GDP connect@ ¢émabled
use casandthe longterm uplift enabled by 5CGAs low-band 5Gis expectedo bemost relevant
for use casesequiringmobility over wide areage.g.massive sensor nevrks deployed over wide
area$ and/or with more modest capacity requiremgotdy a portionof the full long-term GDP
uplift enabled by 5G has been assumed taddressable by lolwand spectrumEstimates have
been informed by published reports provglapproximation®f 5G-enabledsectoral GDP uplifts

We haveassumd the longterm uplift to be phased in acrosperiod of time in line with 5G rolt
out speed and adoption. In particular, the complexity and cost of implembespgke 5G&nabled
industial use cases may be relatively high in early years, which would limit adoption initially
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It should be noted thahte GDP wupl i ft r epr e oretmetbasis that theveendlt c as e
be significant takeup of 5G use cases from enterprises aceosariety of sectordn reality, a

number of barriers to adoption will exist (e.g. cost and complexity of deployments, business case,

skills, limited supply ecosystem availability). In addition, some sectors are likely taaliavieed

degree of industrialisaticand digialisationin some emerging nations (e.g. industrialisation within

the agricultural sector is slow in many markets). Our estimates assume that 5G will prompt and/or
accelerate industrialisationVider governmenpolicies (which are not 5G specific) to accelerate
industrialisatiormore generallyare also importantn addition to 5Gspecific policies

4.2.2Key results

Our modelling suggesthat building new lowband macro sites beyond the baseline footpant
achievecoverage alongside all rail, road and agriculture arasldresultin anadditional~3i 12%
investmenneededyer marke{assuming a single infrastructure rollt, as noted previously)

Figure4.4 shows themapping output of our modelling exercise for Scenario 1 for Turkitly low-
band 5Ccoveringall rail, road and agriculture areas (at maturity).

Figure4.4: Scenario 1 coverag 6 Turkey[Source: Analysys Masonyleta, OpenStreetMap
contributors, 2022]

M Area covered by mid band and low band B Non-agriculture area covered by low band only
M Agriculture area covered by low band only B Agricultural area with no coverage
Road —  Railway

We estimate theoenomic benefits fronthis extended lowband deploymentould amount to
~USDZ 3 billion per coumtry. The agriculture sector is the largest contributing sector to GDP across
all countries considered, driving the magnitude of the economic benefits achieved in the Smart rural
cluster.

Most countries are expected to generate economic benefits thiatesréo tertimes higher than the
incremental cost of extending lelmand coverage, as illustratedrigure4.5 below.
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Figure4.5: Cumulativenet present value ofincremental costs and economic benefits by country,
Scenario 1,20200835 [Source: Analysys Mason, 2022]

Cosk Benefits (USD billion) Benefit-
piliony | Sman [ Smart smart o

industry logistics public

services
Bangladesh 0.1 1.1 0.2 1.3 <0.1 2.6 18.5
Brazil 2.3 1.9 0.2 2.2 0.1 4.4 2.0
Chile 0.1 1.2 0.1 0.2 <0.1 1.5 10.2
Colombia 0.3 0.5 0.1 0.5 <0.1 1.1 3.2
Egypt 0.3 0.8 0.1 0.9 <0.1 1.8 7.0
India 1.9 5.2 0.9 9.4 0.1 15.6 8.4
Indonesia 0.6 2.8 0.3 2.4 <0.1 5.6 8.8
Mexico 0.7 2.3 0.2 0.8 0.1 3.3 5.1
Morocco 0.1 0.2 <0.1 0.2 <0.1 0.4 2.8
Nigeria 0.2 0.3 0.1 0.7 <0.1 1.1 6.1
Pakistan 0.6 0.3 0.1 0.9 <0.1 1.3 2.0
i?rt‘ctg 0.4 1.2 0.1 0.2 <0.1 1.4 3.3
Thailand 0.1 0.8 0.2 0.8 <0.1 1.7 11.7
Turkey 0.5 1.4 0.2 1.0 <0.1 2.6 5.0

It should be noted thdBangl adeshdés population is distribut

significant lowband geographical covera@4%)in the baseline scenario. Due to its small land
area, the incremental number of sites required to achieveotdirail/agriculture geographical
coverage and implied cost for lewand extension are relatively limited, contributing to a high
benefitto-cost ratio(18.5).

Extending lowband coverage will slightly increase the share of population covaseagell aghe
proportion 5G subscribers (out of the population covered by 5G) by the end of the forecast period,
as the more consistent availability of higher speeds over a wider geographical area may incentivise
more consumers to migrate to 5Bhis generatesdalitional consumer surplusstimated tadd up

to USDS50i 300 million per country.

4.3 Scenario 2i extending mid-band 5G coverage

4.3.1Modelling approach and assumptions

In this scenario, we have modelled the extent and cost of additionddamétldeployment beyond
the midbandfootprint calculatedn the baseline scenario

While low-band spectrum will be sufficient to address the technical requirements of some use cases,
the most advanced 5@se cases will require additional functionality (in terms of capacity, latency,
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upload/download speeds, etcThis canbe achievable @y by expanding midand MIMOS
coverage outside of its baseline footprint and deplogigjtionalmacro sites andmall cells in
localised areas

We assume bespoke HBabled use cases exist within thgrieulture, freight and logistics,
construction, rergy and utilities and miningectors thatvill require higher capacity and lew
latency capabilitiesWe haveassumeda single, multuse case mitband mMIMO networkcan

simultaneously serve multiple use cagiesbespoke network sliced/e have assumetdt existing

eMBB siteswithin the lowband baselinefootprint would be upgraded tinclude mid-band

spectrum with some level of densification.€. new macrosites) required to achievantiguous
coverage We have not assumed any additional deploymetsiael of the lowband coverage
footprint, due to the high cost of deploying new sites in-fanmach areas

Bespoke use cases withimart factories, ports and airports are expected to have stronger uplink
capacity requirements compareddmsumer eMBBWe have assumed the deploymenneiv
dedicatednid-band mMIMO UL/DL? macro sitesn thoselocations

We have assumed the deployment of soalll networks to support use casessectorssuch as
healthcare, municipal buildingend smart factoriegjriven byrequirements for indoor coverage,
and highreliability/low-latency requirements

Economic benefits have been calculafgtbwing a methodologysimilar to thatusedin Scenario
1, assuming that a portion of the full lotgym uplift enabled by 5Gs addressable by misand
spectrum.

4.3.2Key results

Our modelling exercise estimatésitdeployingadditional midband massive MIMO macro sites

achievesimilar geographical coverage the lowband baselindootprint, and adding bespoke
coveragean specific locationgo enable advanced use cageg.mMIMO UL/DL macro sites and
small celb), would result in aradditional~15i 25% investment per market.

Figure 4.6 provides the output of our modelling for Scenario 2ridonesia whereby mieband
coveragehas been extended to achievesimilar footprint(at maturity)than that otthe low-band
footprintin the baseline scenario

6 Multiple in multiple out

7 Uplink and downlink.
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Figure4.6: Scenario 2 coveraged Indonesia[Source: Analysys Masoriyleta, OpenStreetMap
contributors, 2022]

M Area covered by mid band and low band Non-agriculture area covered by low band only
M Agriculture area covered by low band only B Agricultural area with no coverage
Road - Railway

Economic benefits from extendedd-band deploymerdre estimated to beJSD5i 12 billion per

country The economic benefits generated by the Smart industry and Smart rural clusters together
a c c 0 u n ti90% ofrthe tot8l Bconomic benefits in each market. This is primarily driven by the
relative importanceof the industry sectors connected to these clusters @ggculture,
manufacturing, construction) to the economy of the benchmark courttrisglered in this study

Most countries are expected to generate economic benefits thiateste severtimes higher than
the incremental cost of extendingd-band coverageas illustrated ifrigure4.7 below.

Figure4.7: Cumulativenet present value ofincremental costs and economic benefits by country,
Scenario2, 20200835 [Source: Analysys Mason, 2022]

Cosk Benefits (USD billion) Benefit-
biﬁijosn? S| S S e

industry logistics public

services
Bangladesh 0.7 4.2 0.7 2.7 0.2 7.8 10.8
Brazil 4.1 7.1 0.8 4.7 1.5 14.1 34
Chile 0.4 4.2 0.2 0.5 0.3 5.2 12.6
Colombia 0.7 1.8 0.2 1.0 0.3 3.3 4.5
Egypt 0.5 2.9 0.4 1.9 0.3 5.5 12.0
India 6.4 19.2 3.7 20.0 1.9 44.8 7.0
Indonesia 25 10.1 1.2 5.2 0.5 17.0 6.8
Mexico 1.7 8.7 0.7 1.7 0.5 11.7 6.8
Morocco 0.4 0.6 0.1 0.4 0.1 1.2 3.0
Nigeria 1.0 1.1 0.2 1.5 0.1 29 3.0
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Coss Benefits (USD billion) Benefit-
(USD et Smart Smart tocost
billion) . . . ratio

industry logistics public

services
Pakistan 1.1 1.1 0.3 1.9 0.1 3.4 3.2
TG 1.0 41 0.3 0.3 0.3 5.1 5.0

Africa

Thailand 0.9 3.2 0.6 1.6 0.2 5.7 6.1
Turkey 1.6 5.3 0.7 2.1 0.4 8.6 54

Extendingmid-band coverage wipfrovideconsumersvith access thigher speesfrom 5G-enabled
devices andwe have assumed consumers would be willing to pay a slightly higher premium for
these higher speed connectiofbke difference between this premiwand the actual cost per GB
that we anticipate consumers will pay is expected to generate additional consumer siniphus

we have estimatedould add up to USDO.2i 1.5 hllion per country.

Overall results

Overall, our modelling suggests tlabaseline 5G deployment is estimated to cost ~218billion
per country, with an additional 6235% investment required to extend coverage

Asillustrated inFigure4.8 below,while Scenario 1 requires the deployment of new sites in remote
areas, the incremental cagt5G deploymentends to be higher in Scenario 2 tharScenario 1

This is because whilst the larger geographécab toextendlow-band coverage to rural areias
expected to require 135% additional gegraphicalcoverageon top of the lowband baselinghe
mid-band extensiomequires35-50% additional gegraphicalcoverage on top athe mid-band
baseline as a resultthere are more sites tgpgrade in Scenario 2 (with higher upgrade costs),
compared to the additional sites in ScenarioFirthermore,the cost of additional bespoke
deployments at use case locations (e.g. ports, airports) is also auwtorgrfctor in Scenario.2n

addition Scenario 1 assumes that a single MNO would be responsible for the deployment in remote
areas, while Scenario 2 assumes that somémand upgrades would be duplicated across all MNOs

0"..-"onctlysys
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Figure4.8: Cumulative net present value of costs by country (20235) and scenario[Source:
Analysys Mason, 2022]
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Extending coverage beyond the baseline footprint can generate significanb&iaRts from
industrial adoptiorof advanced 5G use cassber than MBB especially from micband coverage
extension(seeFigure 4.9 below). Mid-bandspectrum is a key enabler of advanced 5G use cases
(e.g. highquality video processing, automation, AR/VR) that are expected to have a significant
impact in terms of business benefits (e.g. greater productivity, cost savings). As a result, the
economic beefits generated by extending rddnd coverage across the entire-lmand baseline
footprintin Scenario 2 are considerably higher tHarsegenerated bgxtendingow-band coverage

in hardto-reach aream Scenario 1
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Figure4.9: Cumulative net present value of economic benefits by 5G rollit scenario (2020335)

[Source: Analysys Mason, 2022]

Most countries are expected to generate overall economic benefits three to sesdridirar than

the incremental cost of extending coveragecausescenario 2 carries significantly higher costs
(and generates higher benefits) than Scenati@bverall benefito-cost ratio across both scenarios
is more reflective of the benefib-cost ratio of Scenario.?2

Figure4.10: Cumulativenet present value of incremental costs and economic benefisnd benefitto-

cost ratio by country, Scenarie 1+2 [Source:Analysys Mason, 2022]
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(UsSD
billion) ingl:';‘t"rr;
Bangladesh 0.9 5.3
Brazil 6.4 9.0
Chile 0.6 5.4
Colombia 1.1 2.3
Egypt 0.7 3.6
India 8.2 24.4
Indonesia 3.1 12.9
Mexico 2.4 11.0
Morocco 0.5 0.8
Nigeria 1.2 1.4
Pakistan 1.7 1.4
i]?rr‘ctg 15 5.3

Ref: 698248491-273

Benefits (USD billion)

Smart
logistics

0.8
1.0
0.3
0.3
0.6
4.6
15
0.9
0.1
0.3
0.4

0.4

4.0
6.9
0.7
15
2.8
29.4
7.6
2.5
0.6
2.2
2.8

0.5

Smart
public
services

0.2
1.6
0.3
0.3
0.3
2.0
0.5
0.6
0.1
0.1
0.1

0.4

10.3
18.5
6.7
4.4
7.3
60.5
22.5
15.0
1.6
4.0
4.7

6.5

Benefit-
to-cost
ratio

12.0
2.9
11.9
4.1
10.2
7.3
7.2
6.3
29
3.5
2.8

4.5

e** Y analysys

e Mason


















