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Forecasting and Foresight:
Summary of Issues

Erik Bohlin
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Pep talk for forecasting

“Forecasting is hard, particularly of the future.”

“Forecasting is like trying to drive a car blindfolded and
following directions given by a person who is looking out
the back window.”

On the other hand:
e we have to engage in forecasts, implicitly or explicitly

e Forecasting expertise (real or perceived) is valuable, - a
market for forecasts
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Pusposes:
1.) Rough knowledge about technological forecasting teqnique
2.) Be able to read more to search for more information yourselves
3. Be able to apply some basic forecatsing in case work
4.) Regnognize that it is important, but many pitfalls
5.) Be cirtical, when you apply it, when you read others forecasts





Underestimations of demand
for mobile telephony

Actual and series of forecasts of the number
of cellular telephony subscribers in Sweden
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Explain curve. Everyone made the same kind of mistakes. Forecast by analogy, A properties P, Q, B has property P thus it must also have property Q.
Did it matter. Build out faster, introduce new teqniques, but it did not matter very much for the monopoly operator.
Consequences could be worse, AT&T Bell invented the concept of cellular, hired consultancy firm, McQuisey, forecasted 900.000 cullular users in the uS by 2000. It tunred out to be 100 millions. Decided to wait and cellular was introduced before the US in the Nordic countroes, Scandinavian firms get a head start, and could bebefit from these when cellular was eventuuall launched in the US

Why, they are smart guys Probably conceptualized cellular in terms of the existing (car use) and existing state of technology
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Luanched in 86, with high hopes.
Major reasons lack of terminals, lack of applications, lack of demand





Application vision

One major application of the
telephone network as perceived in the 1890s
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NAother common mistake is to wrongly coneptualize the use of new technology. 
When telephony launched no clear vision,
Send messages (like telepgraphy)
Nroadcasting of news
Eventually two-way voice communciation became the dominant means, while another technology, namely radio became the dominat use. Radio, whjich on the other hand, was developed primarily as an extension of existing networks





Technological Forecasting
Technigues (Methods)

Monitoring/technology scanning
. rend analysis/trend extrapolation
1. Expert opinion
V. Modeling
V. Scenarios
(VI. Other (e.g. analogies)
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Niot exactly the same as in the literature
The use of inducators
S-CURVe analysis
The use of people that know more than u
The same of simplified descriptions of reality, which you can then e.g. simulate
Respose toi more quantative forecast, it a way to deal with uncertainty





Technical change: S-curve

AT = opportunities * effort

time

Logic

1. An innovation opens up
technological opportunities,
many failing paths are
followed initially, little
resources spent

2. More and more resources
spent as commercial potential
IS perceived. Technical
progress accelerates.

3. Limits approached,

technological opportunities
exhaust, and progress slows
down





Costs (C) — the experience curve
(learning curve)

> time





Diffusion

Prgducts sold

time






Checklist for Scenario
Construction

1.) Identify the problem
 What is the reason for making the scenario?
 For whom?
* Time frame?

2.) Identify important dimensions (trends and uncertainties)

3.) Specify your assumptions

4.) Check you dimensions for importance and uncertainty

5.) Choose the most important and uncertain trends as basis for

6.) Build up 2-4 consistent scenarios

7.) What are the implications for the main problem (for each scenario)
8.) Chose indicators, and monitor.
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flatscreens
Development of HDTV
Development of Projectors
Regulation
Content development of 
Wireless connection technology
Maximum installed base in Sweden  5 million (= one per houshould). MAxium penéntrationof mobile phones is 95% of popultation





assumptions — one terminal per capita?

sese
o® .,
o ®e

(Millions)

120

100

Bicycles 60
Portable PCs 50
Motorcycles, ships, vending machines 10
Pets ( cats, dogs ) 20
360

There could be more than half a billion hosts in Japan!

Home appliances | (Millions)
TVs, Set Top Boxes 90
Digital still cameras 30
Video cameras 20

+ Refrigerators 40
180

Others|

Parcels 30
210
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8. Potential Demands for Mobile Services
 
To answer this question, we estimated the demand for communications in the future.
A few years ago, when DoCoMo created our vision 2010, we said that anything that moves, including pets, could be a potential "user" of mobile communications.  In this forecast, we estimated that there will be 360 million user terminals in Japan in 2010.
Today, we revised this forecast upwards,  to more than 500 million user terminals in 2010, because we added home appliances and parcels, taking into account the growing trend of networking and IT utilization in these areas.
If we have 500 million terminals in Japan in 2010, the market size could be 10 times larger than today.   Of course, the quality and quantity of communications will not be the same.  So, the revenue would not increase by tenfold. 
We must not forget that it is only the human, who pays for the service.  Objects do not pay.  But companies might be willing to pay for the service, if they consider the service is useful for their customers.
So now, I would like to discuss the issues we need to resolve in order to increase our revenues. // 
�





: Technology forecasts are often

wrong
« Why?

Personal or commercial interests
« Difficulty to identify the true benefits of an innovation
« Difficult to perceive new and innovative uses of an innovation

» Social, cultural, political and organization factors often
neglected

* Development after commercial introduction

* Importance of substituting techn. often neglected

* Importance of complementing techn. often neglected.
* Recent and visible trends are often exaggerated.

» Faulty assumptions, not faulty models.
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Checklist for forecasting
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Methodological issues in forecasting:
Examples from projects to support of ICT
policy making

Erik Bohlin
Chalmers
E-mail: erik.bohlin@chalmers.se






Outline

= Trend Analysis: Demand, technologies and architectures
towards 2030

* Investment uptake towards 2030
» Business model of 4G networks
= Scenario methodology: Policy use





Demand, Technology and Investment in Telecom

Infrastructure towards 2030

A full paper has been published by the OECD in a book under the title:

Infrastructures to 2030 - Telecom, Land Transport, Water and Electricity.





OUTLINE OF 2030 ANALYSIS

d The foundation — global demand

d Shape of network architecture to come
- 2030

d Estimates of corresponding investment

 Global Impacts





®
A simple story for future telecommunications infrastructure -

Changes in
income levels Mobile take-up
and global distribution II‘ pushed further II‘ Mewy [uisEiiaire
of wealth
2-Dimensional
Convergence
Strikes

Note : by 2- Dimensional Convergence we imply the merging of;
(telecoms and media industries ) + ( fixed and mobile communications as one service)

5
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Our approach is socio-economic not technocentric





The changeover is rapid and progressively becoming global -

Even in 2001, over
30 countries had
more mobile than
fixed subscribers,
with the poorer
countries leading

. More mobile than fixed subscribers 2001

Source: ITU World Telecommunication Development Report, 2002;
ITU World Telecommunication Indicators Database

GDP growth per capita is growing fastest in non-OECD countries

GDP/ capita GROWTH  1980s 1990s 2001-5 2006-15
High income countries 2.5 1.8 1.4 2.5
Developing countries 0.7 1.7 2.7 3.4
World total weighted 1.3 1.2 1.0 2.2

Source World Bank 2005
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Increasingly the fixed infrastructure has become almost a hindrance of inherited self interests – so the main mobile growth is where there is no infrastructure – the newly industrialising countries (NICs) and the 3rd world which leapfrog the OECD community





@Global user population growth

*With globalisation, OECD cost levels of services and handsets will slowly be rebalanced, being set by average world prices
*Saturation is set by affordable price for the majority of users — numbers which may reach 65% of a global population of over

8.2Bn by 2030 (US Census Bureau, 2005) if world usage goes towards average OECD levels of saturation today: 5.3Bn users

6_ ....................................................................................... == |

* n —:

Potential usage in the lowest 30% of the world’s population is largely saturatee * i

while other regions are also almost saturated, so growth slows down_~ _ o

A - i |

5_._._._._._.._.-_._._._._._._._._._._._._._._._- .................. 7._._._._/._I’ : :

Communications and web access at low prices . /7 ; .

spreads with development into the lowest 30% of the / >, : : :

world’s population _/ ! ' '

....................................................... . '
A1 Lower rates towards near zero tariffs of < 0.01 Euro/gession ¢ : Indjcative effect of strong growth

of Internet ofu Thlngs (MZM)

pushes usage into the sub- $2000/year incomes in the big 5¢

L 1_7/ E :
Vs | :

Vietnam etc, adding 1 billion more new users —=» / : .
/ : Expansmh of m|ddle class W|th econom|c
A\L developnijentin NIOs drives expansmn |n
China, Ind|a Indone5|a also Tha|land and
Latin Amerlca as 1. 5 bn new QOnsumers
broach the $2500- $3000/year |:ncome Ievels

N 2Bn,2006/7 v
1.5Bn users, 2004 7

800K users, 2000

Billions of mobile services users worldwide
w

NB
Confidence in estimates
reduces with time SCF

0
1985 1990 1995 2000 2005 2010 2015 2020 2025 2030
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This is the takeoff towards 5.3 BILLION users by 2025 controlled by disposable income and the cost of using the technology including the handset





User population numbers against base price trends — user
population size is driven by costs of services

@ PHASE 2 PHASE 3
> . . .
> New middle Low-income population enters
:2 class in the market with onset of near-
) NICS zero tariffs
47 expands user
o
O base
2 3 4 3)

Billions of users worldwige
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Actual take-up can go non-linear - as found in previous studies – at the price point where a perception of freeness  is observed





d The foundation — global demand

d Shape of network architecture to
come -2030

d Estimates of corresponding investment

d Global Impacts





Communications in the local loop will advance towards ubiquitous,
pervasive services with new radio access technigues

1875 1983 20157 20207

v

10





Towards a new infrastructure in mobile:
relay antennas and terminals

Backbone network
(BN)

11





A simplified infrastructure beyond 2020 — a large mobile IP network - with a standard

composite structure of optic fibre & radio

Radio access network -

Universal Access Point
IP AWT mesh and cellular

- Interface for any radio
UAP technology to fibre
access

Radio IP
networks,\,

with

adaptive ./ Fibre access network
data rates Multi-operator UAP

plus mesh IPv6 fibre access network D Trunk fibre interface
options provider ISPs

Global/ national
IP-MPLS-WDM FIBRE TRUNK

Global consumer
Subscriber base

*WiFi, WiMax mobile
New AWTs

*Cellular mobile _
«Fixed wireless Emergency, ad hoc disaster

*Sensor networks and security networks 1





d The foundation — global demand

d Shape of network architecture to come
- 2030

d Estimates of corresponding
Investment

d Global Impacts





Growth of subscribers worldwide 1991 - 2003 fixed and mobile

against infrastructure investment (ITU) -thetrend is for infrastructure
spend to rise in absolute terms — but investment per user is reducing rapidly with time
1400 | —230

Global capex invested in infrastructure per year 1991 - 2003 /l

1200 ;ﬁ/%
== 200
ey

1000

=150

) ) =100
Fixed subscribers /

800

400

Million of subscribers
()]
o
o
|

Mobile subscribers

— 50

USD Billions current prices & exchange rates

4 4 I 4 4 4 | | | 0
1991 1992 1995 year 1998 2000 2003

Source: ITU world telecommunications indicators database 2082
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Mobile subscriber growth accelerates from 1998 on and overtakes fixed by 2003

Growth of subscribers  worldwide 1991 - 2003 fixed and mobile against infrastructure investment (ITU)

The trend is for infrastructure spend to rise – but not nearly as fast as the number of new users, especially in mobile – so investment per user is reducing






The key trend Is to cheaper infrastructures - capex per new
subscriber* in KUSD 1992-2003

- with technology advance, infrastructure cost/subscriber shrunk almost
continuously 1992- 2003, as newer digital technology took hold, by some 70%

* calculated as capex spend in previous year to create new subscribers in current year
4.000 —+

@

3.500 \

3.000 - ®

2.500 — \

)
2.000 \‘

1.500 — \0\‘
1.000 - \‘\
0.500 — ‘\0/ o—o—*
0.000 - , ‘ , , , ‘ , ‘
1992 1995 1998 2000 2003

Source: SCF Associates - derived from 1TU World Telecommunications Indicators Database 2002 15






Infrastructure spend per year 2005 -2030 descends as
technology advances to lower cost while global markets
saturate

800
700
600

500
USD
400

BILLIONS
300

200
100

O [ [ I I I [
2005 2010 2015 2020 2025 2030

Model estimates

16
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The final result is that we see shrinking infrastructure spend as –

The majority of spend is renewal of amortised assets not growth of new subscriber access, as the market is saturated and so demand for new connections shrinks

The cost of infrastructure goes down as technology advances, so more people can afford to connect and enjoy the services it offers

Thus the operator business model is driven to services, away from infrastructure ownership





d The foundation — global demand

d Shape of network architecture to come
- 2030

d Estimates of corresponding investment

d Global Impacts





Technology
transfer 1875 -2010






An infrastructure for the easiest commute of all?

*|s a new disposition of habitation — Telecomia - already appearing ?
*Mesa Del Sol, Arizona — cheaper than Aspen, Los Angeles or San Francisco
e|ldeal climate
Far from everything
12 % of US workforce* is ‘distributed” knowledge workers - i.e. ‘post-geographic’
Lives in Telecomia ?

Dispersion of residency and work places with teleworking and teleshopping -

Urbania

Suburbia

Rural/semi-rural

trend after

1700-1910 1910-2020 Rural/semi-suburbia
2020+
Dominance of the city as
manufacturing and trade centre Population migrates Cities shrink and tend to return
(largely in the OECD to the suburbs in many to residential areas, with entertainment
community) OECD countries and hotel functions
* Business Week Europe 12/19 DEC. 2005 p. 80, Michelle Conlin The easiest commute of all/ C. Grantham Work Design Collaborative 19

A £\





Business model

Contribution builds upon results developed in the
EC/DG-JRC/IPTS Project

Future Mobile Services
(see )
and

EC FP6 SPORTVIEWS project
(see

The usual disclaimer apply - this contribution is of the authors, and does not necessarily reflect the view of the European Commission.

20
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Aim & Contribution

= Aim & Contribution

- The aim is to provide a financial simulation of a simplified IMT-Advanced
communications networks in order to provide a framework for
understanding the impact of spectrum costs

- Provide an interrelated set of technology, geography, costing and demand
levels, based on scenarios and competition aspects, and sensitivity
analyses

Outline of business model presentation
1. Overview model

2. Main assumptions and results (incl. sensitivity analysis)
3. Questions for further elaboration

21





What is IMT advanced?

Important characteristics in our models:

» Licensed AND unlicensed spectrum

* Increased data usage

= Multi technology usage

» Decreased cell sizes but also macro cell sizes

* Introduction of ad-hoc (mesh) network capabilities
- Leading to reduced density of radio equipment

* Increased bit rates
* Increased importance of software (e.g. SDR)
= New pricing schemes

* |n our models we have used two radio access points: APs (Access
Points) and UAPs (Universal APSs)

- UAPs are defined to function as ordinary base stations with backhaul connections

- APs are defined to function as repeaters and signal amplifiers, relaying radio signals to allow
extensions of hops.

22





Model characteristics — IMT advanced network overview

= An IMT-Advanced network elements have mesh capabilities
- Multihop paths between handsets, APs and UAPs

» Redundant paths are often available

BN

23





Model characteristics - overview

= The simulated IMT-Advanced network is divided into a number of
corresponding "network units”
- Urban, suburban, and rural

* The "network units” have distinctively different characteristics

- E.g. Cell size, average distance between users, number of users in each network unit,
etc.

= Each network unit is composed of a number of base stations, UAPSs,
etc., using various technologies

» The characteristics of each "network unit” are defined regarding e.g.
number of users coverage, average distance between users, number of
users in each network unit, etc. leading to different investment costs

» By spreading the network units like a puzzle over the simulated
geographical area, the investment costs can be approximated
- e.g. 10 rural units, 16 suburban units, and 24 rural units to cover a certain area

24





Model unit - overview

Different wireless
technologies used

Urban Suburban Rural

» The network units differ in several ways, e.g.:
- Size

Population density

Technology choices

Cost structures

Base station ranges





Model characteristics - overview

- { «Technology “CAPEX data -OPEX data
[ .
The mOdel USEd IS i limitations/Capabilities *Base station costs *Marketing
; 1 «Population density *Handset subsidies *Backhaul
schematically presented to i ‘Equipment replacement  +Site Rent
. ! eInstallation *Etc.
the right : -Etc.

= By using researched
estimates for input data,
reasonable cost structures
can be approximated

= The aim is to evaluate IMT-

Urban NU Suburban NU
______________ S S S

*Population data *Geography data

# Urban NU # Suburban # Rural NU

Advanced business models Needed NU Needed Needed

by calculating ARPU levels

needed {0 cover OPEX and *Factors from scenarios developed in previous Work Packages
CAPEX for the different

socio/economic scenarios Total Costs

developed in the project
B . ARPU needed
NU = Network Unit to cover costs

26





Overview of conclusions and sensitivity analysis

= Qur simulation indicates minimum ARPU levels of 15-19 € monthly needed
for the basic IMT-Advanced business case

- Dependent on specific assumptions of diffusion levels, equipment cost developments, network
architecture, etc

- Excluding spectrum license costs

» Impact on IMT-Advanced business cases indicated by sensitivity analyses:

Equipment cost development curves Low

Site rentals Low

Roll-out timing Low
Replacement cycle Low

The IMT-Advanced diffusion levels Medium

Site construction costs Medium to high
Competitive impacts Medium to high
The cost of spectrum licences High

= The cost of spectrum is a major factor determining the business case of IMT-
Advanced

» The diffusion of IMT-Advanced services would hugely benefit from all
technologies and management methods allowing for low spectrum costs

27





Scenario assumptions - economic and sociological conditions

Favour 1
the take _ /
up of Scenario 1:
services Smooth
Development
Scenario 3;
E ) Constant
COFI.O.mIC Change
conditions
Scenario 2:
Economic
stagnation
Inhibit take
the up of
services

Social/ cultural/ political

. Unfavourable
conditions

Favourable

28





Assumptions — scenario impact on subscriber diffusion

) Subscriber diffusion — Scenario 1
= Three scenarios — )
1. high growth (90% max) oo ——
2. low growth (50% max) 70%
3. medium growth (75 % max) St
= Same base year shown but different o
starting dates (2010, 2015, 2012 10%
respectively) e L . s a s 6 1 s e wou
—— Diffusion - owverall —— Diffusion - Urban areas
Diffusion - Suburban areas Diffusion - Rural areas
Subscriber diffusion — Scenario 2 Subscriber diffusion — Scenario 3
60% 90%
80%
50% _— 0% IE—
30% 400/2
20% 30%
20%
10% 10%
0% : : 0% T
0 1 P 3 4 5 6 7 8 9 10 1 0 1 2 3 4 5 6 7 8 9 10 11
___ Diffusion - overall — Diffusion - Urban areas —— Diffusion - overall —— Diffusion - Urban areas
Diffusion - Suburban areas Diffusion - Rural areas Diffusion - Suburban areas Diffusion - Rural areas
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Results of base case for ARPU

» |nterest rate used to discount figures: 12%
- Interest rates are currently very low (Euroswap, STIBOR, etc. 2-3%)
- A risk premium of 9-10% has been added
- Both CAPEX and OPEX have been discounted to NPV
- NPV has been annualized to calculate ARPU levels needed

Monthly ARPU needed

 Monthly ARPU needed to

20.0

cover CAPEX+OPEX 19.0
— 15.8€in Scenario 1 170
— 18.8€ in Scenario 2 oo
— 16.6€ in Scenario 3 14.0

o 1 2 3 4 5 6 7 8 9 10 11

——Scenario 1 —— Scenario 2 Scenario 3
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Sensitivity analysis 1 —
Different cost development scenarios

UAPs — cost development curves

= Three different price scenarios

have been simulated 14000
- Base scenario: 10000

High starting cost, low cost reduction 8000

P . . 6000
- Sensitivity check scenarios: w0 |

Low starting cost, very slow cost 2000

- 0 T T
redqctlon ) 1 2 3 4 5 6 7 8 9 10 11 12
Medium starting costs, slow cost
red u Cti on Low starting cost, very slow cost reduction
UA PS —— Medium starting cost, slow cost reduction
—— High starting cost, rapid cost reduction
APs — cost development curves SDR — cost development curves
12000
10000 250
8000

6000 200 \\
4000 ~_ 150 \\

2000
O T T T T T T T T T T T 1 100 T T T
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
A PS Low starting cost, very slow cost reduction SDR Low starting cost, very slow cost reduction
——Medium starting cost, slow cost reduction —— Medium starting cost, slow cost reduction
——High starting cost, rapid cost reduction —— High starting cost, rapid cost reduction
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Sensitivity analysis 2
— Changed equipment cost and replacement rate

Changed cost development patterns has
small impact on monthly ARPU levels
needed

- Maximum of 1.1€ difference (Scenario 2)
If considering both diffusion patterns and
cost development patterns impact
increases

» Maximum of 3.5€ difference between
lowest and highest ARPU needed (20%
difference roughly)

ARPU needed with different cost curves

20.0 - 17.7 18.2 18.8

18.0 15.9 16.1 15.8 16.6

16.0 15.3 15.5

14.0

12.0 -

10.0 -
8.0 1
6.0
4.0
2.0 1
0.0

Low starting cost, very Medium starting cost,
slow cost reduction slow cost reduction

High starting cost,
rapid cost reduction

‘I:l Scenario 1 B Scenario 2 O Scenario 3 ‘

ARPU impact of renewal timing

Varying renewal rate

ARPU

25,0

20,0

15,0

10,0

5,0

0,0

18,8 20,0

16,
158 16° 16,6

18

010 years

|5 years

Scenario 1 Scenario 2 Scenario 3

- Instead of having investment
replacement horizon of 10 years, the
figure shows a five year renewal
(depreciation) horizon

- The ARPU impact is in the range of
10% increase

32






Sensitivity analysis 3

— Changed site rentals and site construction costs

= The site rental fees is here
varied for the respective
scenarios

= Even if the site rental is 4 times

the base case, the effect on
ARPU is not more than 25%

ARPU impact of site rental variations

ARPU
25,0

20,0

15,0

10,0

5,0

0,0

Varying renewal rate

18.8 20,0

15,8

16,9

16,6

Scenario 1

Scenario 2

Scenario 3

010 years
W5 years

ARPU breakeven with site costs

40
35
30
25
20
15
10

—e—Scenario 1
—=— Scenario 2

Scenario 3

o 1 2 3 4 5 6 7 8 9 10 11

new instead of rented

considerable

ARPU break even impact is

100,000 euro site construction cost
for UAPs (similar to 3G sites)

10,000 euro (10%) for APs
Assuming that 25% of the sites are

33






Sensitivity analysis 4

— Market share and network sharing impacts

* A rudimentary way to model
competitive impacts is to provide
a sensitivity analysis with the
following assumptions:

- The prospective operators constructs
a nation-wide network

- The market share is varied for all
three scenarios (scenario 3 shown)

* The ARPU impact is substantial

ARPU impact of varying market shares, scenario 3

Varying market share with maximum penetration 75 %
ARPU

40,0
35,0
30,0 ™
25,0 T
20,0 \’\\,\‘
15,0
10,0

5,0

0,0 : ‘ ‘ ‘ : : : : :

0O 10 20 30 4 50 60 70 8 9 100

Market share

ARPU impact of network sharing

Varying network sharing with 75 % market penetration
ARPU

40,0

35,0 *
30,0 \\
222 -\'\L e —e—40% customer share
150 \'\_ —=—60% customer share
10,0

5,0

0,0 T T T T

0 20 40 60 80 100

Degree network sharing

Network sharing - the competitors have two
separate networks with varying degree of
collaboration.

The two competitors have respectively 60% and
40% share.

The two competitors may have captured only part
of the total market. Here, is the impact of both
players having combined 75% share of the total
market share (corresponding to scenarios 3).

ARPU impact is substantial
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Sensitivity analysis 5

— License fee (variable and fixed)

» To evaluate the impact on ARPU levels from
variable spectrum fees, the example of Hong
Kong’s 3G licensing regime has been considered.

* In Hong Kong, a variable license fee of 5% on the
turnover from year six was determined after an
auction as well as a fixed fee for the first 5 years.

= Since a fixed fee is evaluated below we will use a
5% royalty for all years. This form of licensing
entails a surcharge on the break even level of
ARPU. ARPU impact is directly related to the
magnitude and set-up of variable fees

Spectrum royalty and ARPU impact

5% spectrum royalty
ARPU
20,0 19,7
19,5
19,0
18,5
18,0
17,5
17,0 16,6
16,5
16,0
15,5
15,0

17,4

Scenario 1 Scenario 2 Scenario 3

ARPU needed with added license fee*

60 €
40 €
20 €
0€
Q> @ < @ . @ & &
Q\ Q\ Q\ N Q\ Q\ Q\ N\
&5 oF oF ¢ oF oF ¢
A N I S
——Scenario 1 —— Scenario 2 Scenario 3

» Adding a license fee has strong effects on
ARPU levels needed

- Impact depends on diffusion. strongest impact in
scenario 2

= Alicense fee of 652€ per capita
(3G license cost in the UK) increases the
ARPU needed by

- 130% in scenario 1
- 200% in scenario 2
- 150% in scenario 3
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Restatement of Business Model Conclusions

= Qur simulation indicates minimum ARPU levels of 15-19 € monthly needed
for the basic IMT-Advanced business case

- Dependent on specific assumptions of diffusion levels, equipment cost developments, network
architecture, etc

- Excluding spectrum license costs

» Impact on IMT-Advanced business cases indicated by sensitivity analyses:

Equipment cost development curves Low

Site rentals Low

Roll-out timing Low
Replacement cycle Low

The IMT-Advanced diffusion levels Medium

Site construction costs Medium to high
Competitive impacts Medium to high
The cost of spectrum licences High

= The cost of spectrum is a major factor determining the business case of IMT-
Advanced

» The diffusion of IMT-Advanced services would hugely benefit from all
technologies and management methods allowing for low spectrum costs
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Scenario analysis

Contribution builds upon results developed in the
EC/DG-JRC/IPTS Project

Future Mobile Services
(see )

The usual disclaimer apply - this contribution is of the authors, and does not necessarily reflect the view of the European Commission.
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Plan of the
study

Oct 26/27 IPTS
Sevill

Workshop 1
Scenario
building

1 building

20 Jan 2005
Brussels

A

Workshop 2
Consensus

Building of a Consolidated

European View

Services Types (with Questionnaire) >

User Population

Traffic Volumes

ITU WPSF Meeting
13-20 OCT 04

01 SEP 04

i A

IPTS Kickoff meeting

CEPT ECC Meeting 1

15 DEC 04

Business Plans >
I i
: i i
; U AN AN
| CEPT * Joint EC/ CEPT
Interim I ECC Meeting 2i ECC Meetingi3

24 Mar O

-_———- 01 -

Workshop 3
Final
presentation
——

05 APR 05






Planning with scenarios

*Aim — to ask the right questions, not to answer them — by bringing useful future
views of events, attitudes, surroundings, new forces and players

«Combine two worlds - a world of a future perception, usually centred on a theme
or significant change - and the world of plain facts.

*Build several pictures of a specific domain of interest in which hypotheses can be
set to obtain a range of future views - a small set of contrasting stories about the
future - each scenario must be noticeably and fundamentally different in some
explicit way to be valuable.

eScenarios should be as convincing, yet as startling, as possible because the
expected is often not reality, with all the chaos and complexity of the real world

Involve all elements, as naturally as possible, to construct daily life at some or all
of the three levels of personal, corporate and national/global environments.

*Real forces of change must be identified — may be widespread and long term -
increasing youth in the developing world (to be 40% soon); OECD populations will
age faster ; rise of the NICs (newly industrialised countries).
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A scenario has several major building blocks

Unfortunately they are not always clearly separable....
Elements on

which the
whole

The central dynamics and logic (or plot) of scenario is

the scenario balanced
Core drivers

Critical parameters or _—
...and may

/ leverage elements
/ be closely
N linked

Major areas of

, Expected Events

h -
Essential < >uncertainty
enablers and /
precipitators
of the / \
scenario \

Where the model
: Is weak or unstable, several
Known or pre-determined facts outcomes are possible
E.g. the numbers in retirement in 2010 P 20





Scenario Formulation

Assign
individual theme
within domain

of interest with Xg
drivers

Assumptions

Assertions .
List
7
Known key
Variables

Causal

Impacts analysis

Hypotheses
(to be tested)

Relevance
trees

Scenario

Framework
(Static)

AN

Scenario

Behaviour
(Dynamics)

Scenario Construction for Forecasting
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Elucidating services (users want) from Scenarios

Economic
Scenario

Assumptions
Assertions
Hypotheses

Initial conditions
Common base facts
(eg demographics)

Assumptions
Assertions
Hypotheses

Economic
Scenario

Social
Activity
patterns

Scenario 1

Scenario X

Social
Activity
patterns

|

|
Working l
patterns | o
Living I Motivations
patterns /|

, Usages

| by need

Services
Required g

_ Usages
Working by need
patterns
Living

patterns 42






In more detail, the FMS scenarios provide a basis for an
economic/social/political environment to 2020, with consequent

demands for mobile services

Scenario e.g.
1. Smooth
development

Motivations for
| Scenario 1

(generic)

Economic
Scenario 1

*Self realisation

STl Iglels  Social scenario 1 and and assertion
-Economic social activity
& social patterns *Security
scenarios and - Mobility
life patterns Living
Patterns 1 | _
*Belonging
Working eldentity

Patterns 1

*Portability of
environment

User types
sAge

slncome
sEducation
s[LIVing pattern
s\\Vork pattern

|

Population

Numbers
for each
- User type

needs

\ 4

applications

A 4

services

A 4

>

traffic
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Mapping scenarios - against the economic and sociological
conditions

Favour 1 Main scenarios
the take _ /
up of Scenario 1: |
services Smooth Wlld Ca_rd
Development disruptive
scenarios —
Scenario 3; may occur
) Constant PRI
Economic Change Wlt_hln any |
conditions main scenario
Scenario 2:
Economic
-stagnation
Scenario 5: Natural E—
Inhibit take Or Man-made Scenario 4:
the up of International Disaster Financial
services Crash
Favourable Social/ cultural/ Unfavourable

political conditions 44





Comparing development in the Main Socio-Economic Scenarios

Scenario 2005 2010 2015 2020

1 SMOOTH 150%

2 ECONOMIC 100%_
STAGNATION

90%

80%

3 CHANGE -
Changing
regions of
prosperity

90%

EU Economic output ~~ Mean Disposable income 2005 -2020 ————~ .





1 Smooth development

— EU economy provides growth and positive progress in development,
but in a fair and managed way that brings prosperity across all 25
members and any new accessions

Scenario

2005

2010

2015

2020

1 SMOOTH

150%

EU Economic output

Generating knowledge work
through affordable re-training.
Ubiquitous employment
discovery, access and
retraining.

Control of everyday life -ease
of access to convenience
services.

Support for extended family
‘tribes’.

Ease of trade at low cost.
Expansion of business reach
geographically.

Advanced support services
at low cost for health, social
requirements, education
International co-ordinated
working across the EU /
globally

Mean Disposable income 2005 -2020 — — — — —
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2 Stagnation

— economic stagnation with progressive deflation as in Japan from late 1980s,
continuing to 2004, with enormous overhang of loans on assets, especially in
private housing

Scenario 2005 2010 2015 2020
2 DECLINE — By 100%
economic
stagnation
net 75%
S~
' 50%
Belts tighten in the family and the Reducing outlays. Seeking Simple lifestyle at minimal
firm. Disposable income and employment either in cost. Opting out.
consumption restricted. conventional or in Support for trading and
Search for lower costs of doing underground economies. bartering in a non-
business . Operating business at very enterprise based economy.
Simple SME support. low cost. Support for migrant workers
Seek security. Simple business services. overseas outside the EU
Support for rural communities || including financial
at low cost remittances.
EU Economic output - Mean Disposable income 2005 -2020 — — — — — -
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3 Change
— Constant changes, up and down with ad hoc growth and recession, often in
parallel in different geographic markets, but moderately positive overall —with
geographic and sector pockets of stability, and some of failure, all randomly

distributed
Scenario 2005 2010 2020
3 CHANGE -
Changing
regions of
prosperity
90%
Access employment Support to (re)build life in Build remote environment —
- find new regions through constant contact with

EU Economic output

- retrain as required
Simpler infrastructure and
laws for SMEs

Support for clustered
communities of SMEs
Conserve cash to live
through downturn

remote family, perhaps
remote work and training
Distributed business
operations across EU

Mean Disposable income 2005 -2020 — — — — —
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Needs from each scenario as it develops

Scenario

1. SMOOTH

2. ECONOMIC
STAGNATION

3. CHANGE

2010

Generating knowledge
work through affordable
re-training.

Ubiquitous employment
discovery, access and
retraining.

C‘.ed‘\b'\\'\w

Belts tighten in the family an
the firm. Disposable income
and consumption restricted.
Search for lower costs of
doing business.

Access employment
-find
-retrain
Simpler infrastructure and

laws for SMEs

2015

Control of everyday life -

ease of access to convenience services.

Support for extended family ‘tribes’.

Ease of trade at low cost.

Expansion of business reach geographlcag“-e

from Quest jonn

LoW

Reducing outlays. Seeking employment either in
conventional or in underground economies.
Operating business at low cost.

Simple business services.

Support for rural communities at low cost

High
Support to (re)build life in new regions

Support for clustered communities of SMEs
Conserve cash to live through downturn

High

2020

Advanced support services at low cost for
health, social requirements, education
Intern tlonal co-ordinated working across the

/4@y

Simple lifestyle at minimal cost.

Support for trading and bartering in a non-
enterprise based economy.

Support for migrant workers overseas
including financial remittances.

Build remote environment — through constant
contact with remote family, perhaps remote
work and training

Distributed business operations across EU





The Discontinuity Scenarios

May occur within any other scenario

*Financial crash — the impacts of a major reduction in disposable income, followed

by a slow recovery

— meltdown

2005 2010 2015 2020

*Disaster — natural or attack — use of technology (especially mobile and wireless)

to survive and recover - new vocations, social organisation and applications

5 MAJOR
DISASTER

100%

80%

60%
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The Methodology to calculate Traffic volumes from User types and Services, in outline

Table of
User types
Scenarios 1 5 for each
3 scenario
| \ at each epoch |
| \ | |
\ ; l Numbers of
. //' L:cser typhes » USers by N
Table of scenarios biriseld || type of user
-motivations | scerr:arlo )
Needs S~ — at each epoc Table of S
-applications L — — Applications Iga ic volumes
Application against y user t_ype,
types |, Content application,
for each Eenvices and
|| Uusertype & network network
N L services SEIVICE
Amount of

Application usage
(minutes per day)
by each User type
L{ for each Application
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Background to the report and project

What are the (10) most important policy questions that the EU faces
with regard to ICT and the information society to around 2015?

2 key sub-guestions:-
*What are the new major policy questions now appearing?
*What trends underlie or affect these new policy questions?





The future trajectory to an EU Information Society is governed
by 4 key forces

. Psychological
Social Pohcy & human

Interaction

egulation

Governance

'.'./../

Costs,

Economic Operational Technical
& Management

Factors

Each these forces raise questions for ICT policy





MONTH 1
J Feb

A

Contract

WP1
Major

foci for
survey

2
Mar

Start, 28 January 2009

Apr

IN

May

5
June

July

(o)}

WP2 Modified-Delphi
International survey of experts

|

|

1

|

; and users :

I ' ' : WP3

| WP2A | Analyse

: Prepare .| Results

i & hold § ;

| Research : i

! Workshop Research !

, : : Workshop
Kick-off meeting | Briissels]:
Stockholm | . '

29Jan2009

A

A A

A
A A

Monthly Steering Committee meeting, Stockhqglm

A I

Project Plan

(revised v2)

issues list

conclusions
*Prepare
Provisional
Final

report

*Agree majo

Aug

8
Sep

: High level conference
i Visby & 3 further Results
presentation meetings, at

dates and venues to be
determined

9

Oct

10
Nov

WP5

* Prepare Final Report
(with feedback)

* Tri-lingual Executive Summary

* Slide presentation

Deliverable 1

Provisional Report
With 2 Annexes

12Ju|i 2009

with Ministry team

A

Progress reports delivered every 2 weeks

A

Deliverable 2
Final Report
01 Sep2009 +

A

. Eiei ilirmary 5

A

End of
project
unless 1
month
extension

AAAAAAAA;AA?AAEAAEAA





Approach to the study in outline

Form Experts List

Perform Research :-

A survey to gather inputs from a range of stakeholders and experts
across Europe and other countries (— specifically the USA, Japan,
South Korea, China and Brazil, and perhaps others)

A\ 4

Workshop on key themes with outside experts + desk research

A\ 4

'Analysis of the results and preparation of the key policy issues
“with their influencing parameters and trends

,| Report and
presentations






Interviews — under analysis — contrasting views on what
IS Important

Some 50 interviews with:- \

*Thought leaders and academics

ICT Industry

eConsumer organisations

Some early
«Governments and regulators Initial views
*European Commission, especially DG InfSo

*MEPs

.

e|nternational bodies — OECD, ITU

On the promise of non-attribution if requested





The main messages from the report





Evolution of ICT policy in the EU: A simplified chart

Epoch 1
1980’s
Awareness

Early
programmes
Basic ICT
research

Legend:
Impacts on
society and the
economy

as a whole

Epoch 2

1990’s- 2000’s
Awakening (to the loss
of industry leadership
and the value of ICTs)

Lisbon agenda for the
Information Society

- 12010 policy sets
wider scope -

Research into
applications with

FP's 5,6, 7 -
collaborative networks
of R&D for applying
ICTs

e-Europe Advisory
Group, i2010 HLG...

Epoch 3
Managing - Beyond 2010

Policy for working with ICTs
In society and the economy as a
whole

More mature approach akin to
policy for any resource — eg
energy or agriculture —should it
be sectoral or integrated?

More competition policy
considerations

Appreciation of risks and the
dark side

Exclusion

Critical infrastructure protection
Consumer protection





The Vision:

Towards a Green Knowledge Society





What are the key policy areas to enable the vision?

1. The knowledge economy: driver of future wealth

2. The knowledge society: participation for all

3. Green ICT: support for an eco-efficient economy

4. Next generation infrastructure: balancing investment with competition
5. Softinfrastructure: investing in social capital

6. SMEs and ICT: supporting Europe’s small enterprises

7. Asingle information market: enabling cohesion and growth

8. Revolutionising eGov: rethinking delivery of public services

9. Online trust: a safe and secure digital world

10. Clear leadership: rethinking the EU’s policy making process

This list emerged from the findings of the survey, the workshop and desk research.
Perhaps unsurprisingly it revolves around the themes of the economy, human rights and
sustainable development





The structure
& programme
to move
forward

European ICT
Leadership

from the EC
with the EP
and Council

EU public ICT works programme
*E-education
*E-health and assisted independent living

\

> oE-literacy -
*Cyber infrastructure Protection

*EU emergency services disaster network

«Justice systems _

Green Industrial Stimulation Programme )
*SMEs: ICT training etc, SME Act (50% of funding to SMES)
*Environmental Innovation programmes for ICT sector

I, & user sectors:-

» Stimulate substitution mechanisms

* |CTs for GHG reduction across all sectors

 ICT energy reduction

* ICT design for recycling J

Regulatory Enabling Catalysts

*Single ICT Market

«Competition, for all ICT segments

*Regulation (S/w, H/w, Telecom,Spectrum, NGN etc)
e|nternet governance

*Privacy/security of citizen online, etc






Policy goals and policy actions to 2015

Summary of recommendations





1. Knowledge of economy: driver the future wealth

Policy goals for 2015

Improved ICT training

New IPR regime for the
digital era

User involvement in
Innovation

Policy actions

e Facilitate new business
models

 Build consensus on new
IPR approach

e Expand concepts of end
user participation and
creativity





The structure of the knowledge economy

Knowledge based economic activities

Education and skills

e-Literacy

ICT Infrastructure





The basis of the knowledge economy- creating new knowledge

assets

EX|st|ng
knowledge
assets

Education

\

Vocational
skills

Through life
learning

//_- _ \

. \

~

ICT Infrastructure

: - New
Knowledge based economic activities
knowledge
assets
Eg Advanced Eg Green Jobs
fusion technologies and
technologies (energy wealth
(ICT/bio) management)
Basic operating principles
: People
Freedom of Sustainable ST are the
Support for - knowledge,
entry to : living & : key asset
human rights : networking,
knowledge : working . generators
to build trust ) competition
markets practices " and holders
& co-opetition
of assets






2. The knowledge society: participation for all

Policy goals for 2015 Policy actions

 Inclusion with universal  Incentives to extend
access networks and take-up

* Improve digital literacy e Strengthen human rights

« Better support for older in a digital world

people





Digital rights in the knowledge society

Freedom of speech
Access to networks

Data protection

. \ Cyber security

Privacy

Protection of
Intellectual property

-

Protection Access to knowledge
from malware





Policy goals for 2015
« Create green ICT

products & services
markets

Understand and exploit
substitution mechanisms

Harness ICT in non-ICT
sectors

3. Green ICT: support for an eco-efficient economy

Policy actions

Explore financial
Incentives

Extend/use government
procurement

Research into household
and firm behaviour

R&D support for novel
control systems





Immediate impact of green ICTs

For user sectors, develop ICT
applications and a service
industry to optimise green

performance in their

production, to push the

sustainable envelope to new g
For the ICT sector itself, develop a European

levels, responding to climate _ - _ _
ICT industry exploiting green techniques in

changes, water scarcity and _ _ _
production to design devices and software

pollution. _ _
that push the sustainable envelope in usage

to new levels over the lifecycle in energy

demands, toxics, recycling, packaging, etc

Longer term, substitution and rebound mechanisms will also have major impacts






GHG savings using ICTs

Telecommuting/ FREEESEEEI SIS
teleconference il '
360 Mn tons
Optimised
§ freight logistics
& transport
Energy 2.3Bn tons.
efficient
buildings Reduced paper
1.7 Bn tons g 130Mn tons
§ Process
efficiency in
Smart Grid manufacture
for energy 970 Mn tons
2.4 Bn tons

By 2020, GeSl forecasts 15% global reduction in emissions by
applying ICTs, some 7.8 Bn tons (Smart 2020 Report, 2008)





4. Next generation infrastructure:
balancing investment with competition

Policy goals for 2015

Maintain competition in all ICT
sectors

Promote open source software
and open standards

Transparent internet
governance

Promote (fixed and wireless)
high speed broadband
networks

Policy actions

Vigorously deploy competition
law with accelerated
processes

Consider a wider scope of
ex ante, for the whole ICT

Encourage open ICT, networks
and standards

Inclusive approach to internet
governance

Harmonise EU spectrum policy

Balance investment incentives
and access rights for networks





Wider and more vigorous competition policy

Competition policy must act on far more
types of ICT player in the future

Future
Competition
Policy

Online content and media \

industry

ISPs and major players in
search engines, social
networking and
multifunction portals

Major actions &

investigations

by competition
authorities
since 1998

\/

players in

Software industry

Network providers- mobile,
fixed line, broadband retail
and wholesale carriers

Semi-conductor, hardware

and systems suppliers
(microprocessors,
displays, RAM etc)

each ICT
industry
segment,
some with
over 70%
market
share,
possibly

The largest

y

held over
decades





5. Soft infrastructure: investing in social capital

Policy goals for 2015 Policy actions

o Set up a build-and-rollout < Identify key candidates
programme for each for services and create a
service (eHealth, vision for the whole soft
eEducation, etc) Infrastructure, Europe-

« Ensure investments wide
stimulate EU economy  Develop business cases

« Use green ICT * Fund design, pilot and

roll-out





The costs of care across the continuum of care and treatment
(following approximate cost model, for USA system, 2007)

Cost of care per day, USD$, 2007

We need to shift from a

10,000 “{/ __________________ _ _ —\ reactive model to a
| Intensive Care Unit cute care proactive, preventive model
| |
| |
| . . . . |
i Specialist Clinic i /C‘)
| Local hospital | §
1000 ‘\ Ward /,
( Skilled nursing \}
| |
| & support |
100 — | Home care
Residential care  assisted living //  Community \
e /:/ clinic Visit to Doctor i
| |
| ) |
10 . Chronic i
I disease |
| |
| Home |
| treatment  Independent |
\ healthy living |
1 \\\ ______________________ e R
Survival Low Median High

Quality of life

Sources: various, Intel, 2007





9 1913 M 1950 = 1973 W 1992 student numbers have

Rise in the 18 multiplied with progress -
average number 16 14.9 UNESCO estimates that in

13.3 1900 there were 0.5Mn

of years of - university students globally; in
education per :

P a1 2000 there were 200 times
adult more, some 100 million. In the

future, there may need to be

/ _ ¥ ' far higher.numbers gualifying
in the EU if we are to move
USA France Japan Netherlands towards a knowledge

Source: Monitoring the World Economy 1820-1992. OECD and OECD insights - Human Capital, 2006 economy
http://puck.sourceoecd.org/vl=726855/cl=34/nw=1/rpsv/humancapital/index.htm

Earning power of graduates I | ower secondary education
" Upper secondary education

: : University education
Graduates’ earnings for a [T Y

significantly large proportion are

over twice the national median Percentage 4o
income. Those who leave school _ °F Workers
earning over

at 18 also earn more than those twice the 30
who leave school in earlier years median

(figures for 2004) income 20

10

Source: Education at a Glance 2006. StatLink Download StatLink File
also has information for other OECD countries at;

http://dx.doi.org/10.1787/815010258467 Hungary Korea Sweden






6. SMEs and ICT: supporting Europe’s small firms

Policy goals for 2015

 Expand/deepen ICT use
through broadband, cloud
computing, etc

o Support small firms with
potential for innovation
and growth

 More support for rural
SMEs

Policy actions

Build competency in
small firms with growth
potential

Raise awareness and
Improve digital literacy

Grants for expert advice

Deploy rural development
and other funds





7. A single information market:
enabling cohesion and growth

Policy goals for 2015

Demonstrate the
economic gains

Harness knowledge
economy and green ICT

Simplify regulation

Policy actions
 Promote advantages

e Encourage single market
In public services

* Prepare deregulation
packages appropriate to
each segment





8. Revolutionising eGovernment:
rethinking delivery of public services

Policy goals for 2015 Policy actions

« Citizens as participants e Spread best practice Iin
rather than just tax participatory eGov
payers  Benchmark citizens’

* Increase participation participation
levels across Member

« Establish open platforms

States . .
for developing services





9. Online trust: a safe and secure digital world

Policy goals for 2015

Overcome organisational
ISsues

Improve protection of
critical ICT infrastructure

Protect individuals’ rights

Safety and reliability
online for all

Policy actions

e Increase awareness

e Plan for implementation
 Enhance EU co-ordination
e Protect the citizen online





Threats to society in a digital world consist of three major
areas for concern

Individual Single Business
1 Exposureto 1 Interruption of
Inappropriate digital operations
media and I' 2 Financial fraud and
Inappropriate online threats including data
behaviour — the theft

need for online
protection of the
child and family,

mentally and

physically

2 Privacy, identity Critical ICT Infrastructure

theft and online 1 Organised cyber crime

fraud 2 Terrorism (and terrorist organisation)

3 Cyber war: inter-state conflict





10. Clear leadership:

rethinking the EU’s policy making process

Policy goals for 2015

« European institutions
develop clear vision for
role of ICT

e Realistic stretch targets
for key policy areas

Policy actions

e Enhance levels of
collaboration

e Review institutional
structures

e Stronger links to other
policy areas, such as the
environment





The structure
& programme
to move
forward

European ICT
Leadership

from the EC
with the EP
and Council

EU public ICT works programme
*E-education
*E-health and assisted independent living
> oE-literacy -
*Cyber infrastructure Protection
*EU emergency services disaster network
«Justice systems _

\

Green Industrial Stimulation Programme )
*SMEs: ICT training etc, SME Act (50% of funding to SMES)
*Environmental Innovation programmes for ICT sector

I, & user sectors:- >‘=

» Stimulate substitution mechanisms

* |CTs for GHG reduction across all Sectors

 ICT Energy reduction

* ICT design for recycling J

Regulatory Enabling Catalysts

*Single ICT Market

«Competition, for all ICT segments

*Regulation (S/w, H/w, Tels & Media for Spectrum, NGN etc)
e|nternet governance

*Privacy/security of citizen online, etc






Additional slides

(Back-up)





Going forward we need a new vision and framework

I'he Policy Framework to make the vision nappen:
i
regulation; role or government ana EC; numan rignts/digital rights
(Governance and regulation processes

ICT policy
to 2015
) tO Implement
the new
vision






_ _ ISSUes in
Policy areas to examlnell

each area

R —






The green knowledge society - a web of policy areas

Economic Al 1 ICTs for
AotiEe i sustainabilit
boost - economy y
Short-term Next
driver generation | End goal
Infrastructure ~ Single EU
SMEs information Green
and ICT space Knowledge
Investment Society
Online trust: ¢ 1 S -an
safe, secure Infrastructure eco-efficient
digital world inclusive
economy
eGovernment
Inclusive . Are? ii
- i nowledge
SOEIE society
Foundation Modus operandi

New Leadership and policy process
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