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Market Entry Benchmark of Wired and
Wireless Technologles with Projections
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= Servers
= Switching
= Storage
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Topology
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Virtualized
Infrastructure
Manager

Z0O0OM — Zero-touch Orchestration,
Operations and Management

NFV Orchestration Architecture

* Orchestration Platform

e Platform to mechanize
management of the life cycle of
Virtual Network Functions

e |tis composed by several modules,
to be offered by different vendors

e Virtual Network Functions

e Set of virtual machines
implementing network functions
and/or virtualized services

e Infrastructure

e Geographically distributed domain

* Includes physical and virtual
resources made available by
virtualization layer

Maurizio Décina, Towards 5G, AGCOM Workshop, March 29th, 2017 3



BR U</
\MILANO

Traditional Architecture

11| E
————— backhaul —
Legacy Base Station
Edge Computing:
BTS Virtualization,
Hetnets, ...

DEIB—Politecnico di Milano

RF Amp.

Coax
Cable

\_Y_l

Remote site

backhaul —

backhaul —

L

RRH T AMP
o o Radio
g © ¢ BaseB.
E E A Fronthauling ]
(100m — 10 km)
BBU CPRI |
\ : J . J
Central Office Remote site

CPRI (Common Public Radio Interface)

S |
5 5 £ 2
z & & ©
A &  Fronthauling
(100m — 10 km)
BBU CPRI

Y

Central Office

Remote site

Maurizio Decina, Towards 5G, AGCOM Workshop, March 29th, 2017

% Cloud RAN Architecture: Fronthauling &
Backhauling

Distributed Architecture
(partial centralization)

Distributed Architecture
(full centralization)



Cost of LTE GByte in North America
2014-2020

Cost per GB [NA]

$14 Devices 36%
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Source: Bell Labs, 2016
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Transport & Logistics
Fleet management
Asset tracking

Public Enterprise
Smart metering
Capillary network

. Smart Cit
Agricolture Smart bikian,
Agricolture & cattle Smart ligthin
monitoring gtning

Parking sensors

Environment Smart Building

Monitoring Smoke detectors
(climate, water, Alarms
air, noise,...) Domotics
Industry People
Process monitoring

Wereable sensors
Child/animals tracking
Healt care monitoring

& control
Vending machines

3 loT Market Applications

Source: Ericsson, 2015
Security

Goods & people protection
Device to device, 3D — Drones
Environment protection: earthquake/flooding

Automotive
V2I,V2V, V2P, V2C
Car entertainment
Traffic control

Public Enterprise
Smart grid automation
Video surveillance

iz
Mission
critical

Industry

Remote control
Factory automation
Collaborative robots

Medicine

Remote surgery
E-health: life critical
Biomedical sensing

Person-object interaction
Immersive augmented reality
Immersive gaming, Tactile internet

Low cost . R High availability
Low power Low Power High-reliability, Low Latency High reliability
Low capacity solutions solutions Low latency
High number of devices
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loT Communications Protocols
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Source: A. Capone, Politecnico di Milano, 2016
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Things Network Platform loT Service
(Chip/Module/Device) (Connection)
Open API Open API
—_— SK Telecom
oneM2M Open loT Platform oneM2M
(ThingPlug)
LoRa Device LoRa Service SK Telecom
LoRa Module (Local vendors) Connectivity Platform Native
LoRa Chip (Semtech) Platform Service
(B2C
LoRa Connection Data tracker)
. LoRa
Tracking Nationwide SK Telecom
0= ~ _g_Location data Network devices loT Service
o T BP devices by BP
Monitoring =D ({i)) LPWA ;
e = — = 7 A -
" Temp./Humidity, ~ Ut|||.ty Vertical
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Source: Netmanians, 2016 New/Advanced
Services
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SK Telcom |0ST/LoRa Architecture

End user/
Enterprise/
Government
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Price Plan

Data Allowance
(Frequency of
communication)

Monthly Flat Rate
(VAT Excluded)

Examples of Services

Band loT 35

Band loT 50

Band loT 70

Band loT 100

Band loT 150

Band loT 200
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100KB

500KB

3MB

10MB

50MB

100MB

KRW 350
23p

KRW 500
33p

KRW 700
46p

KRW 1,000
66p

KRW 1,500
£1.00

KRW 2,000
£1.32

Metering and monitoring
services (e.g. Advanced
Metering Infrastructure

(AMI), environmental
monitoring, water leakage
monitoring, etc.)

Tracking services (e.g.
locating tracking for
people/things, asset
management, etc.)

Control service
(e.g. safety management,
lighting control, shared
parking, etc.)
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- Discount benefits
for long-term
contracts: Ranging
from a 5% discount
for two-year
contracts to a 20%
discount for 5 year-
contracts

- Multi-line
discount: Ranging
from a 2% discount
for those using 500
lines toa 10%
discount to those
who use 10,000
lines



iversified Challenges and Gaps to Reach 5G

Throughput Fonnections 7Mobi|ity

P Network

Latenc
/ Architecture

I 30~50x 100x 100x 1.5x NFV/SDN

. 0"50ms‘ 100Mbi‘ ‘ BSOKH_ M

Challenges because many of these requirements are conflicting ‘

Source: Huawei, 2016
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eMBB
Enhanced mobile broadband

Gigabytes m a second — L g * Full Virtualization (SDN/NFV)
3D video, UHD screens
, e Heterogeneous Networks
o Work and play in the cloud
Smart home/building .
Augmented reality e Adaptive Radio Interface (multiple
Industry automation RATs )
Voice . r— Mission critical application
Snnsibly . * New Radio Spectrum (mmWave)
Self driving car
Future IMT
mMTC . uMTC
Massive machine type Ultra-reliable and low latency
communications communications

Source: ITU, 2015
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FACTORIES OF THE FUTURE

@ Time-critical process control
@ Non time-critical factory automation
© Remote control

O Intra/Inter-enterprise
communication

© Connected goods

AUTOMOTIVE

@ Automated driving
@ Share My View

@ Shutterstock
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{
=55 @ Grid access

ENERGY

@ Grid backhaul
© Grid backbone

@ Assets and interventions
management in Hospital

@® Robotics
© Remote monitoring

® Smarter medication

© Bird's Eye View
O Digitalization of Transport and Logistics

© Information Society on the road
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@ Ultra High Fidelity Media

® On-site Live Event Experience

© User/Machine Generated Content
@ Immersive and Integrated Media
© Cooperative Media Production

@ Collaborative Gaming




MEDIA &
ENTERTAINMENT

DATA RATE

COVERAGE MOBILITY
(SPEED)

POSITIONING
ACCURACY

RELIABILITY DENSITY

Ultra high fidelity media

On-site live

User/Machine generated content

Immersive and integrated media
@ Cooperative media production

Collaborative gaming

N 26/02/2016
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5G Vertical Sectors Requirements

FACTORIES EHEALTH

DIATA RATE

RELIABILITY

Time-critical process control
Non time-critical factory automation Assets and Interventions management

e S AUTOMOTIVE
Intra/Inter-enterprise communication Remote manitoring
Connected goods EN E HGY Smart Medication _

DATA RATE

COVERAGE
MOBILITY
(SPEED)

POSITIONING (Low)
ACCURACY LATENCY RELIABILITY
DENSITY
Automated driving
RELIABILITY S e o
Bird's eye view
® Grid backbone Digitalization of transport and logistics
Grid access @  Information society on the road

Grid backhaul

Source: 5G Infrastructure Association: Vision White Paper, February 2016.
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Socio-economic benefits of 5G in EU28

Data: European Commission  Graphic: TelecomTV

€30.6bn

€113.1bn

Total potential
benefits by 2025

€10.6bn
€8.1bn

€1.1bn  €0.8bn

Automotive Transport Healthcare Utilities Workplace MNon-Urban Smart City Smart Home

€56bn Total cost of 5G in EU28 by 2020
5G could lead to the creation of 2.4 million jobs in EU28 by 2025

Maurizio Décina, Evolving Telecom Scenarios, 2016
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Scenario

EPC Connected car
Cloud

Source: ETSI, 2016
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Mobile Edge Computing: Video Acceleration

Mobile Throughput Guidance
Information

RAN
Analytic

Core Video €ontent

network Sefver

LTE base station

TCP flow behaviour based on Throughput Information

Source: ETSI, 2016
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‘Kfs“’@} 5G Network Architecture

%é‘

\'3\2, . —
‘@‘ Use cases, business models, value proposition .._
> g /
4 s

N
,aQQ Operator OoTT _ j

Q,"? e Enterprise Vertical & 31 party
S
Q\?-v """""""""" EEEEEEEE R rnnErEIEnnT I NNEERNEEERREEEEEEERE L f‘-'
------------- . -------- Business enabler APIS ----------------------
)
/ Library of modular network functions

& value enabllng capabllrtles

J up State ﬂ
ons: Junctloni— Info

Common information reposﬂory

conﬂg

E2E management & orchestration

5G system

() G *External public &
private IP networks
5G devices

. Access node . Cloud node (edge & central) - Networking node

Source: NGMN 5G White Paper, 2015
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5G Network Slicing

“CP.fUP ' Vertical
AP

' Access node . Cloud node (edge & central) . Networking node ' . . Part of slice

Source: NGMN 5G White Paper, 2015
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Mobile Internet
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Full Duplex = Massive MIMO

Adaptive
'Air Interface|

SCMA: Sparse Code Multiple Access
F-OFDM: Filtered OFDM

Source: Huawei, 2016
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More antennas than user equipment in a single cell? - 64 antennas to start up, than grow to hundreds

Co-location and Massive MIMO Massive MIMO at mmWave Frequencies?
Beamforming Resolves mmWave Issues

Large available bandwidth at mmWave

Co-location
Frequency| §.20GHz |20-40 GHz | 40-60 GHz | 60-100 GHz
range Path loss can be
" 10 GHz band 32GHzband | 40 GHzband | 66 GHz band iti i
m' 1012610 225 GHz | 31833 4 405435GHz | 6671 GHr ‘s mmga@ed '?V high
denttea | 1047510675 Gz | Grz 45 GHz' band ¥y gain directional
45 5489 GHz ‘e
PP S ) 166z |68GHztotal |50M —— 3y antennas
- ) L I -}
— Omni Directional Antenna cells tend to Soutce. Ofcom, Apr 2016
have high SINR at the center of the ‘ High path loss due to antenna aperture size
cell and low SINR at the edges of the and atmospheric absorption " R
cell - (3 GH2) 0 GHz)

— Beam steering can be used to improve
SINR at cell edges

— Colocation places several independent
cells together

60 mm
60 mm

........ 60 mm 60 mm

mmWave geometry allows for very
small, high gain antennas

— Massive MIMO coordinates the cells X 3
using beam forming Unewswesi d o005 s s

| FREQUENCY GMa

Source: Keysight Technologies, 2016
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Harmonized Spectrum for 5G: US vs. EU

TELECOM TV

Graphic: TelecomTV

Identifying harmonised spectrum for 5G

Data: var

Europe:
Radio Spectrum Policy Group

For nationwide and indoor coverage
(already harmonised) | 694-T90MHz
Primary band (with 400MHz)
for the introduction of 5G pre-2020 3.4-3.8GHz
WRC-15 band, one of 3 candidates | 24 5-27.5GHz
for early European 5G

_ 27.5-28.35GHz For small'cell deployments
WRC-15 band, one of 3 candidates
for early European 5G
_ 37-38.6GHz For small cell deployments
38.6-40GHz Hybrid licensing scheme to include
enterprise users
WRC-15 band, one of 3 candidates

Source: Telecom TV, 2016

DEIB—Politecnico di Milano Maurizio Décina, Towards 5G, AGCOM Workshop, March 29th, 2017

21



S|y .
wem) 5G Trial Spectrum

5G Trial Spectrum VIAVI

Shows the spectrum used by operators during 5G trials, where disclosed
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Source: Viavi Solutions, 2017
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