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Broadband Technology Trends and Economics

Fixed networks carry most of the traffic, but mobile is catching up,
primarily due to the steep increase expected in 5G traffic.

Worldwide total annual fixed traffic Wireless network traffic worldwide

Fixed traffic as a multiple of
mobile traffic
By 2018 factor 8,8

201871 2025, in Exabyte (EB) 20181 2025, in Exabyte (EB)

X P
CAGR 11.172 CAGR By 2025 factor 4,5
O . A /
Absolute Absolute

2018 2019 2020 2021 2022 2023 2024 2025 2018 2019 2020 2021 2022 2023 2024 2025
I Total annual Internet data I Total annual multicast IPTV data M 3c 4G M 5G
I Total annual managed IP data

Source: Analysis Mason (2020) .
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Broadband Technology Trends and Economics

Fixed access evolution is ongoing for both copper-based and fiber-based
technologies.

Fixed Access mature and emerging technologies and standards

500 A Access technologies evolution is

— Vectored VDSL G.Fast o . . . ]
o 400 developing into following directions:
| Twisted —— Super Vectoring (Vplus) S92 300 . . _ _
~FRair | G Fast 28 200 Super Vectoring E Copper technologies: increasing
. m ~— - - .
8 100 — TUBS bitrates to the prolong the lifetime
G.mgfast (XG-Fast)* o VectoredVDSL of legacy copper in the last mile
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Broadband Technology Trends and Economics

Comparisons show that copper access networks can deliver comparable
access speeds to pure fiber networks.

Comments

A Cable-based technology like DOCSIS 2.0, 3.0
or 3.1 not shown here

Bandwidth requirements and fibre/copper technologies

Bandwidth demand XG-Fast (up to 10 Gbps)

peruser (Mops) A G.Fast Interoperability with other xDSL
technologies
300 G.Fast(200+Mbps) A XG-Fast able to provide multi-gigabit
backhaul for future 5G wireless networks
260 Vectoring or FTTdp VDSL2 (100+Mbps)* 245.5 A Super Vectoring i Vplus (35b)
il & allows for 300Mbps DS in loops shorter than
N 250m

Active Ethernet (AON) (100Mbps)

VDSL2 (<100Mbps) i

100 +
86.0

VDSL (25Mbps)
66.1

ADSL2+ (16Mbps) 50.9

ADSL (2Mbps) 2o

50 o
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Broadband Technology Trends and Economics

FTTx can be migrated stepwise with limited CAPEX for incumbent
operators. The existing infrastructure and ducts can be reused.

FTTx Options

Central Office

Copper m=== LFiber

DSLAM or MSAN in Central
Offices

Copper between CO and
subscribers

Copper reach limited to around
4 km for higher bandwidths

No electrical power required in
field

FTTC

(VDSL)

DETECON

CONSULTING deployment options

Fiber to the Street Cabinet
(Street Cabinet)

DSLAM or MSAN in SC,
copper reach limited to 800m
for higher bandwidth

Electrical power required in
field

Copper and fiber in the outside
plant

Note.: Business Case and Subscriber Forecast required while analysing different

Street Cabinet
g

App 1

App 2

Fiber to the Building (Termination Box)

In-house cabling: copper

ONU, Mini-DSLAM or MSAN in the

building

Higher bandwidth depends on used

PON technology and designed
architecture

Coexistence of copper and fiber in the

outside plant

- Funded by the European Union

End users

FTTC
FTTB
FTTH

Fiber to the Home

In-house cabling

E Fiber terminated in the
ONT in home/apartment

E Using copper for in-
house cabling for MDUs
(CATS5 or CAT6)

E Electrical power
required in the building
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Broadband Technology Trends and Economics

There are three major entry barriers for fiber-investors which depend also
on regulation and other legal restrictions.

Fiber Route Duplication Civil Works Costs

A Fiber is typically a first come i first served A Right of Way (RoW) permission is an A The cost for roll out of fiber is
market. The first operator to roll out in a important criteria in any fiber roll out. predominantly driven by the civil works
suburb or region will most likely be the A If rights of way are not fixed in the (i.e. trenching, construction equipment
predominate operator in that area Telecommunications laws individual rights leasing, man power, etc)

A Duplication of fiber routes is usually granted by the NRA may be insufficient A Civil work may constitute 60% - 70% of
discouraged by governments and and costs or delays caused by public or the actual fiber roll out cost. Costs in
operators alike. While costs are nearly private land owners may be prohibitive. countries without forced underground
duplicated the market share and thus A Clear regu|ation of in-house access is a deployment are Significantly lower.
revenue will have to be shared minimizing prerequisite (~30% of CAPEX) A In comparison, the actual fiber itself is
chances to recover investments. cheap. Therefore regulations for spare

capacity for other operators or/and mobile
deployments have low cost but large
benefits! ;
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Broadband Technology Trends and Economics

Reducing regulatory restrictions for network sharing, in particular co-
operation with public utilities may significantly boost fiber deployment.

Business Model: Co-operation with Utilities

Mode Joint Venture Fiber Leasing Pole/Duct leasing Co-investment Integrated

Ireland Italy Kenya Swiss United States

Country SIRO(ESB&VDF) (EOF&VDF, WIND) (KPLC&SFC , ZUKU) (EWL&SWISSCOM) (EPB, OPELIKA)

New and Jnniea e UDH Electricity company Invest and plan Electricity company

L tructed b ; )

individual :f:;rri;ct econ:l leases power ducts together between provide BB services
Feature company o :; eraiors and/or poles to telecom electricity company to subscribers

BT openreach-like P operators to build fiber and operators Usually city based

construct active :
mode network Construct with steps small operator

network
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Broadband Technology Trends and Economics

In mobile the 5G performance is higher than 4G as the aspirational targets
Indicate, but is associated with massive investments e.g. in Fiber.

Capability

)
ite

a Radio network
contribution
e Peak data rates
e User experienced
data rates
densit

€ Mobility
e Peak spectral

efficienc
Efficiency / bit

30ms to 50ms RTT for Layer 2

1 Gbps in DL
0.5 Gbps in UL

30 Mbps in DL
15 Mbps in UL

10 000 devices / km2

0 - 350 km/h

< 2 bits/Hz

<1 Mbps / m?

x1

T

56

Achievable with é

1ms (Layer 2)
4ms (Layer 2)

20 Gbps in DL
10 Gbps in UL

100 Mbps in DL
50 Mbps in UL

1 000 000 devices / km?2

0 - 500 km/h

30 bits/Hz

10Mbps / m2

. YYVVVVYVY

x100

€ ma s snvest@ Edge
Comp.

€ F i &nespectrum
investment

€ Fi,bpeatrum,
densification

€é ma s setwork
densification

€ massive 64 MIMO

€ ma s setwork
densification

ée. CIRAN

Source: ITU, Detecon
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