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Abstract
This deliverable presents a quantitative techno-economic analysis of 5G radio access network
deployment considering xMBB and mMTC services. It starts with a prediction analysis of traffic
demands, number of 5G subscriptions and their associated revenues. A quantitative technoeconomic assessment methodology is then developed, including the methodology for radio
capacity calculations and a deployment strategy which deploys macro cells and small cells on
the identified 5G frequency bands. It then presents a cost-benefit analysis of the 5G radio
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access network deployment in dense urban environment, considering different traffic evolution
paths.
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Executive summary
One objective of the METIS-II project is to analyse the scenarios, use cases and technical
solutions developed in the project from a qualitative and quantitative techno-economic
feasibility point of view. Deliverable D1.1 [MII16-D11] has proposed 5G use cases and
analysed them from a qualitative techno-economic feasibility point of view. This qualitative
assessment consisted in exploring the mobile access network ecosystem evolutions, based on
the spectrum scenarios and the first 5G RAN design considerations developed in METIS-II.
The present deliverable extends the analysis of D1.1 towards a quantitative techno-economic
assessment, i.e. a cost benefit analysis. It specifically:
•

performs a 5G market forecast including smartphones and other connected objects, but
also vertical markets including factory of the future, energy, smart agriculture, media and
entertainment, public safety, eHealth and automotive,

•

presents an estimated revenue for 5G services based on this market forecast,

•

proposes dimensioning methodologies for both xMBB (aka eMBB) and mMTC services,
taking into account both data and control planes,

•

proposes deployment scenarios for joint 4G/5G deployments in different environments,

•

performs a cost-benefit analysis for 5G deployment in dense urban environments and
shows the deployment path in 2020-2030 time framework considering different traffic
assumptions.
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List of abbreviations and acronyms
Network

2G

Second Generation

3D

Three Dimensions

CDP

3GPP

Third Generation
Partnership Project

Connected Device
Platform

CEPT

European Conference of
Postal and
Telecommunications
Administrations

4K

refers to a resolution of
4000 pixels

5G

Fifth Generation

CN

Core Network

5G-PPP

5G Private Public
Partnership

CP

Control Plane

ADSL

Asymmetric Digital
Subscriber Line

CPS

Cyber Physical Systems

CRM

Application Enablement
Platform

Customer Relationship
Management

D2D

Device-to-Device

AIV

Air Interface Variants

DAS

API

Application
Programming Interface

Distributed Antenna
System

DL

Down Link

AEP

ARPU

Average Revenue Per
User

DSS

Decision Support
Systems

ATAWADAC

Any Time Any Where
Any Device Any Content

DRAN

Distributed RAN

DU

Dense Urban

ATG

Air-to-Ground

E2E

End-to-End

AUPU

Average Use Per User

EDGE

B2B

Business-to-Business

Enhanced Data rates for
GSM Evolution,

B2B2C

Business-to-Business
to-Customer

ECU

Electronic Control Unit

FCC

B2C

Business-to-Customer

BB

BaseBand

Federal
Communications
Commission

BBU

BaseBand Unit

FM

Facility Manager

GAA

Generalized Authorized
Access

GDP

Gross Domestic Product

GEO

Geostationary Earth
Orbit

GPRS

General Packet Radio
Service

HARQ

Hybrid Automatic
Repeat reQuest

HTHP

High Tower High Power

HW

Hardware

BSS

Business Support
System

CAGR

Compound Annual
Growth Rate

CRAN

Centralized/Cloud-Radio
Access Network

CAPEX

CAPital EXpenditures

CBRS

Citizens Broadband
Radio Service

CDN

Content Delivery
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IaaS

Infrastructure as a
Service

MMC

Massive Machine
Communication

ICT

Information and
Communication
Technology

MNO

Mobile Network
Operator

mMTC

IEEE

Institute of Electrical and
Electronics Engineers

Massive Machine-Type
Communications

MSP

IMT

International Mobile
Telecommunications

Managed Service
Provider

MTC

IMT-2000

term used by ITU for a
globally harmonized
standards for 3G

Machine Type
Communication

MVNO

Mobile Virtual Network
Operator

IoO

Internet of Objects

NaaS

Network as a Service

IoT

Internet of Things

NEP

ISP

Internet Service
Provider

Network Equipment
Provider

NF

Network Function

ITU

International
Telecommunication
Union

NFV

Network Function
Virtualization

ITU-R

ITU Radio
communication sector

NGMN

Next Generation Mobile
Network

ITS

Intelligent Transport
Systems

NPV

Net Present Value
(discounted cash flaw)

KPI

Key Performance
Indicator

NR

New Radio

NRA

LAA

Licensed-Assisted
Access

National Regulatory
Authority

NW

NetWork

LEO

Low Earth Orbit

OPEX

LTLP

Low Tower Low Power

OPerational
EXpenditures

LSA

Licensed Shared
Access

OSS

Operational Support
System

LPWA

Low Power Wide Area

OTT

Over The Top
One Trip Time

M2M

Machine-to-Machine

PaaS

Platform as a Service

MAC

Medium Access Control

PAL

Priority Access License

MBB

Mobile BroadBand

PDCP

MEC

Mobile Edge Computing

Packet Data
Convergence Protocol

METIS

Mobile and wireless
communications
Enablers for the Twentytwenty Information
Society

PF

Processing Function

PPDR

Public Protection and
Disaster Relief

PR

Penetration Rate

Mobile/Fixed
Communications
Network

PV

Present Value
(discounted value)

PVNO

Private Virtual Network

MFCN
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Operator

UC

Use Case

QoE

Quality of Experience

UE

User Equipment

QoS

Quality of Service

UHD

Ultra-High Definition

R

Rural Areas

UL

UpLink

RAN

Radio Access Network

uMTC

RAT

Radio Access
Technology

Ultra-reliable MachineType Communications

UP

User Plane

RF

Radio Frequency

URLLC

RLC

Radio Link Control

ROI

Return On Investment

Ultra Reliable Low
Latency
Communications

RRC

Radio Resource Control

V2D

Vehicle-to-Device

RTT

Round Trip Time

V2V

Vehicle-to-Vehicle

RU

Radio Unit

V2X

Vehicle-to-Anything

S

Suburban

VoD

Video on Demand

SCaaS

Small Cell as a Service

WAN

Wide Area Networks

SCells

Secondary Cells

Wi-Fi

SDN

Software Defined
Network

SINR

Signal-to-Interferenceplus-Noise Ratio

Wireless local access
network technologies
according IEEE 802.11
specifications and
certified by the Wi-Fi
Alliance

SMS

Short Message Service

WRC-15

SON

Self-Organizing Network

World Radio
communication
Conference 2015

SW

Software

WRC-19

TC

Test Case
Tower Company

World Radio
communication
Conference 2019

TOo5G

Tower Overlay over 5G

XaaS

Anything as a Service

U

Urban

xMBB

UAV

Unmanned Aerial
Vehicle

Extreme Mobile Broad
Band
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Glossary
Abbr.

Long

Explanation

-

Interface

-

Multi RAT

In the context of METIS-II an interface is a
logical connection between two objects,
devices or systems through which
information is passed
Refers to the integration of legacy (e.g., LTEA or other RAT like 802.11ac) and/or novel
5G RATs

5G

5th Generation

CRAN

Centralized RAN

D2D

Device-to-Device

IoT

Internet of Things

KPI

Key Performance
Indicator

NB-IoT

NarrowBand IoT

NR

New Radio

RAN

Radio Access
Network
Radio Access
Technology

RAT

Reference

An overall wireless communications system
expected to be rolled out in the 2020+
timeframe and consisting of both novel air
interface elements and an evolution of legacy
standards such as 4G, Wi-Fi, etc.
Hardware and software of multiple access
nodes of a given RAN (except antenna
elements), usually serving same
geographical area, that is pooled together in
a central entity for performance or cost
reasons
Direct communication on a user plane
between access devices without passing
through the network infrastructure
Inter-networking of physical devices,
vehicles, buildings, sensors, actuators, and
network connectivity that enable these
objects to collect and exchange data
A quantifiable measurement, agreed
beforehand, that reflects the critical success
factors of a proposed solution; Multiple KPIs
typically reflect the goals captured by each
use case (UC)
3GPP standards developed for Machine
Type Communications with smaller
subcarrier spacing, for enhanced coverage
and reduced battery consumption
5G specifications not backward compatible
with LTE in 3GPP
Hardware and software realization of RAT

IR2.1

Type of technology used for radio access, for
instance E-UTRA, UTRA or GSM.
Performing direct D2D transmission within a
certain RAT does not count as a separate

3GPP TR
21.905
(modified)
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RAT.
Pseudonymously Enabler: A methodology,
algorithm, module or protocol that enables
features of the 5G system
Definition of a particular service (or a group
of services with similar application types)
from the end user perspective
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Introduction

1.1

Objective of the document

5G techno-economic assessment has to take into account not only the mobile broadband
services (xMBB; aka eMBB as 3GPP acronym), but also the new services like mMTC (massive
Machine Type Communications) and URLLC (Ultra Reliable Low Latency Communications; aka
uMTC as METIS-II acronym), enabling vertical applications for the digital industry. While [MII16D11] presented a qualitative techno-economic assessment, i.e. described the expected
evolutions of the Radio Access Network (RAN) ecosystem with 5G, the present deliverable
objective is to perform a quantitative analysis, that consists in a cost-benefit analysis of the 5G
RAN deployment from a Mobile Network Operator (MNO) point of view.
In particular, this document has the following objectives:
•

Present a projection of the traffic demand and number of connected objects for 5G
networks. We analyze several promising vertical markets, which are expected to fuel
adoption of mMTC and URLLC capabilities of 5G: industry of the future, energy, eHealth,
automotive, agriculture, public safety applications, media and entertainment, logistics &
other transport (maritime, in-flight communications, railways).

•

Develop a methodology for techno-economic assessment for 5G RAN in the 20202030 time horizon. The dimensioning methodology considers both mMTC and xMBB
services, taking into account the control plane (CP) resource consumption due to the
massive access of devices and the user plane (UP) resource consumption due to the
high traffic demand for xMBB.

•

Present a cost benefit analysis for 5G RAN deployment in dense urban
environments.

1.2

Structure of the document

The rest of the document is organized as follows:
•

Section 2 presents a 5G market forecast and the associated revenues,

•

Section 3 provides the quantitative techno-economic assessment methodology that will
be adopted in the project, as well as a 5G RAN cost model,

•

Section 4 presents a cost-benefit analysis for the 5G RAN deployment in dense urban
areas,

•

Section 5 concludes the deliverable and presents future works,
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•

Appendix A presents the traffic analysis for mMTC & URLLC and analyzes the general
vertical markets potential for factory of the future, energy, smart agriculture, media and
entertainment, public safety, eHealth and automotive,

•

Appendix B presents some cost inputs used in the techno-economic analysis,

•

Appendix C presents a detailed dimensioning methodology for mMTC,

•

Appendix D presents an extension of the dimensioning methodology to consider a target
throughput (e.g. 50 Mbps everywhere).
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2

Prediction for traffic demand,
number of 5G subscriptions and
revenue assumptions

2.1

5G subscriptions evaluation

2.1.1

Methodology

5G here refers to systems compliant with IMT-2020 requirements, as it is foreseen that will be
the 3GPP Rel-15 with the introduction of the NR (New Radio) and possibly with the evolution of
LTE-A Pro. Availability of 3GPP Release 15 is planned for 20181 and commercial services are
expected in 2020.
5G traffic demand evaluation takes into account the evolution of previous generation of mobile
systems, but also the new traffic due to specific innovations associated to 5G encompassing
more important evolutions covering mMTC and URLLC scenarios with applications for the digital
industry.
The methodology for evaluating 5G penetration takes into account the evolution observed for
the previous generations of mobile systems and adds the new ones. It is based upon the
following parameters:
 Global mobile penetration;
 IoT (Internet of Things) market: considered in a broad sense, in the current
document, IoT covers all the variety of scenarios including:
o

machine-to-machine (M2M) market and wearables (smart watches, smart
glasses, health, fitness wearables & other wearables)

o

mMTC connected objects, industrial Internet applications and smart home
applications.

o

URLLC as required in some vertical industry automatization and in V2X
communications (with different requirements on reliability and latency).

1 This corresponds to phase 1 of 5G and phase 2 will be ready in 2019. In this document, the term 5G Networks
refers to networks using a mix of LTE-A Pro and NR RAN being standardized by 3GPP. Both technologies are
planned to be send to ITU-R evaluation for IMT-2020 requirements. Furthermore, NR is planned from the beginning
to be enabled for interworking with LTE-A networks. Note that, even if the complete phase 1 specification is planned
for June 2018, a first version that includes eMBB with low latency is planned for December 2017.
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 5G share of the global mobile market which encompasses 2G, 3G, 4G and future 5G
technologies;
 A detailed analysis of the vertical markets that included an analysis of specific
requirements from the most promising sectors: e-Health, Automotive, Factory of the
future, Media & entertainment and Energy. The following sectors/applications, which
represent a growth potential on the long term, were also considered: Public Safety,
Railways, In-Flight Communications, Agriculture and Forestry, Logistics. The
presentation of this analysis can be found in Annex A of this deliverable.
The main assumptions and associated parameters for this 5G market forecast are described in
the table below:
Table 1 - Main assumptions for the 5G market forecast
Assumption

Parameters

5G penetration rate

5G commercial launch date in each
country, 4G launch date, 4G
penetration rate, population
Verticals penetration
Handsets, smartphones, connected
devices2, other devices3

Partners, IDATE’ data bases and
forecasts, desk research,
interviews

In GB/MB per month
4G usage, usage long term trends
Verticals usage
ARPU (Average Revenue Per User),
Type of device & usage, country
4G tariffing, tariffing long term trends
Enterprise as a % of the total market
Verticals ARPU

Partners, IDATE’ data bases and
traffic model, desk research,
interviews
Partners, IDATE’ data bases,
desk research, interviews

Device base
Usage per device

ARPU4 (residential, IoT,
enterprise)

2.1.2

Sources/Methodology

Partners, IDATE’ data bases,
desk research, interviews

Global mobile penetration rate

5G penetration rate (PR) for 2020-2025 is forecasted taking into account IDATE data bases and
likely evolution of the European markets depending on 5G spectrum and licences availability.
The following assumptions and parameters are taken into account at this stage:
•

Population;

•

3G and 4G penetration rate (2010-2016 observations and 2016-2021 forecasts);

2: Connected devices are dongles, tablets, connected PCs, connected Set-Top-Boxes and new connected devices
(such as Virtual Reality devices…).
3: Other devices are wearables (smart watches & smart glasses & health & fitness wearables & other wearables),
digital cameras, e-readers, handheld gaming consoles
4: Average Revenue Per Unit/User
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•

Differences between 5G and previous generations of mobile systems: we evaluate new
customers/connections in vertical markets based upon the analysis carried out with
various vertical sectors. It is anticipated that IoT services will boost penetration rates
above 180% on the long term (101% today; source: [IDATE2]);

•

5G commercial launch date in each country: it is likely that regulatory frameworks will
differ from country to country within the European Union (EU) even though the global
framework is supposed to be the same all across the EU. There are differences in
spectrum authorisations regarding refarming to 5G for existing frequency bands (800,
900, 1800, 2100, 2600 MHz), access to the 3.4-3.6 GHz and 3.6-3.8 GHz bands is not
known yet and might face delays due to incumbents (existing licences for fixed wireless
access and for mobile services in the United Kingdom).

Population
The population figures used in our forecasts are the following:
Table 2 - Population figures (million inhabitants) - 2010-2025
Source : www.census.gov
Area/Population

2010

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

Europe

812

814

814

815

815

815

815

815

814

814

813

812

Americas

936

986

996

1006

1016

1025

1035

1044

1054

1063

1072

1081

Asia

3842

4027

4062

4097

4131

4165

4197

4229

4259

4289

4318

4345

Rest of the world

1264

1404

1433

1462

1491

1521

1551

1581

1611

1641

1672

1702

World

6853

7231

7305

7379

7453

7526

7597

7668

7738

7807

7875

7941

EU 28

507

513

514

515

516

516

516

516

516

516

516

516

Global mobile penetration rates per generation
Our first evaluations show that 5G adoption rate for xMBB will be close to the current trend
observed for 4G networks. Global penetration forecasts for mobile subscriptions are based upon
IDATE’s internal data bases for 2016-2021 and extrapolated for 2021-2025. Breakdown of
mobile customers by country and technology at the end of 2015 is shown below (source:
[IDATE1]):
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Figure 1 - Breakdown of mobile subscriptions by technology (2015)
We recall that:
•

Connected devices are dongles, tablets, connected PCs, connected Set-Top-Boxes and
new connected devices (such as Virtual Reality devices…).

•

IoT = M2M + (other devices) wearables (smart watches & smart glasses & health &
fitness wearables & other wearables) & others (digital cameras, e-readers, handheld
gaming consoles…), industrial Internet applications and smart home applications.
URLLC services are also integrated in this category.

Connected device base (excluding IoT)
The basis for this evaluation and forecast comes from IDATE’s internal market forecasts
covering cellular subscriptions and devices for 2G, 3G and 4G. Our forecasts are close and
generally more conservative than the one published by equipment vendor. We take into account
global penetration rates and global subscription bases for 2020-2025 excluding the IoT market
which is analysed in a dedicated forecast.
Our assumptions on global mobile penetration (excluding IoT) are presented in the figure below:
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Figure 2 - Global mobile penetration excluding IoT - 2020-2025
The device base is composed of low-end phones, smartphones and wireless connected
devices. IoT devices are detailed in the IoT base in Table 3.
Table 3 - Global device bases excluding IoT (million units) - 2015-2025
Area / million
units

2015

2020

2021

2022

2023

2024

2025

Europe
World
EU 28

1151
7278
715

1242
9038
795

1261
9439
811

1280
9857
827

1298
10293
844

1317
10749
861

1336
11225
878

IoT market
IoT is a concept that is growing tangibly, but it is not a market per se. In fact, there are many
diverse concepts under the single ‘Internet of Things’ umbrella. This differentiation needs to be
taken into account as IoT involves many different objects, networking technologies, value chains
and, hence, different players.
The major concept of the IoT is described in the following matrix:
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Primary value

Primary value

without
connectivity

from connectivity

M2M
Connected cars, smart meters,
alarms, point of sale, remote
health monitoring…

Indirect
connectivity

Objects with
electronic ID

Through an
information device,
typically
a smartphone
or STB

Supply and retail chains
(RFID, NFC, QR Code)

(can be in real time or
differed through sync)

Connected Information
Devices

Wearables & gadgets
Activity trackers, fitness gadgets…

Figure 3 - Concept of the Internet of Things [IDATE2]
There are at least four different concepts under the 'Internet of Things' umbrella.
• M2M refers to automated communications, both programmed and/or triggered by a man-

induced event, that involve at least one remote device that is not a common information
device such as a computer, telephone or TV. This, therefore, involves exchanges between
several machines without any human intervention in the communication chain with direct
communication between themselves.
• The objects with an electronic ID here refer to inert and passive objects that do not

generate any data by themselves. The intrinsic value of the object and its related margins
usually make module integration irrelevant. However, some kind of technology could make
them smarter by ‘communicating’ the identity and other related information (as location) of
the product itself.
• Connected information devices refer to connected devices where the primary feature is its

connectivity. The whole value of the device is provided by this connectivity. By way of
illustration, a tablet without any connectivity is not valuable and even useless.
• Wearables and connected objects refer to things that are connected through a smartphone

or a home gateway. The smartphone could be even required to read and display the
information generated by the object or thing. By way of illustration, a connected weather
station could be included in this category as it requires a smartphone to be connected (and
for transmittal of information) and to display such features as temperature and pressure.
Without any connectivity, a weather station such as a Netatmo one is useless as it does not
even embed a display.
Inevitably, the growth of the IoT market will not be homogeneous. It will be based on or depend
on the growth of each of the underlying concepts and services. The evolution of the IoT market
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will therefore be based on the rate of adoption and growth of connected things within the
different verticals into which they are introduced.
The M2M market
Our M2M market evaluation takes into account M2M market evolution and the predictive
percentage of connected objects using cellular networks. The global bases (2020-2025
including M2M) identify 5G take-off and adoption by verticals and propose assumptions
regarding 5G share of total cellular subscriptions.
M2M has been using cellular connections since the early days of GSM (2G). Nowadays, most of
the cellular M2M connections still use 2G as the cost and energy consumption of 3G modules is
still too high. The cost of 4G modules is expected to get lower than that of 2G soon and
dedicated evolutions of 4G such as NB-IoT and others will fuel growth in this market, lowering
cost and energy consumption, jointly with an increase of coverage areas.
Our forecasts for the M2M market are the following:
Table 4 - Cellular M2M base (million subscriptions) - 2020-2025
Area / million
subscriptions

2020

2021

2022

2023

2024

2025

Europe

266

290

314

337

357

376

World

1 017

1 209

1 424

1 661

1 916

2 186

EU 28

168

184

199

214

227

239

Considering the three other sub-markets of the IoT, wearables and connected objects, industrial
Internet and smart home, we forecast that the IoT market will represent 254 million cellular
subscriptions at the end of 2025 in EU 28 as shown in the following table:
Table 5 - Cellular IoT base (million subscriptions) - 2020-2025
Area / million
subscriptions

2020

2021

2022

2023

2024

2025

Europe

280

306

332

357

380

400

World

1 072

1 274

1 499

1 746

2 012

2 293

EU 28

177

194

211

227

241

254

Cellular subscription forecasts
The total cellular subscription base represents the sum of the phones, smartphones, connected
devices and IoT subscriptions. Only cellular subscriptions are referenced here as we do not take
into account devices using short-range technologies (which in turn connect to gateways or other
cellular devices via device-to-device (D2D) communication):

22

Document: METIS-II/D1.2
Version: v1.1
Date: 2017-09-30

Status: Final
Dissemination level:
Public

Table 6 - Cellular subscriptions - 2020-2025
Subscription per
device type
(million
subscriptions)
Low-end phones
Mid-range
smartphone
High-end
smartphones
Connected
devices & other
devices
IoT
TOTAL cellular
subscriptions

2.1.3

Area

2020

2021

2022

2023

2024

2025

World
EU 28
World
EU 28
World
EU 28
World
EU 28

1 664
48
3 878
378
1 990
215
1 507
155

1 608
39
3 987
377
2 169
227
1 674
168

1 544
30
4 100
376
2 360
240
1 853
181

1 468
20
4 218
375
2 563
253
2 044
195

1 382
10
4 339
374
2 780
267
2 248
209

1 283
4 466
373
3 011
281
2 465
224

World
EU 28
World
EU 28

1 072
177
10 110
972

1 274
194
10 712
1 005

1 499
211
11 355
1 038

1 746
227
12 039
1 070

2 012
241
12 761
1 102

2 293
254
13 517
1 132

5G market forecasts

In this section, we present IDATE estimations regarding 5G commercial launch dates, 5G
coverage of the population and 5G share of the cellular market. For the following European
countries, individual forecasts are provided: Finland, France, Germany, Italy, Netherlands,
Poland, Spain, Sweden and the United Kingdom.

5G commercial launch dates
We made assumptions regarding 5G commercial launch date in each European country based
upon our evaluation of the strategy of mobile network operators in Europe and on the expected
launch date in the USA, Japan, South Korea and China which are expected to lead the 5G
ecosystem in the near future. In Europe, we forecast the following 5G commercial service
launch dates:
•

2020 for early adopters in 7 countries;

•

2021-2022 for 16 « followers »;

•

2023-2024 for « laggards » (5 countries).

Table 7 shows the expected 5G commercial launch date for the European countries analyzed in
detail in our forecasts and for the other European countries:
Table 7 - 5G commercial launch date assumptions
Country
Finland
France
Germany
Italy

5G expected commercial launch date
2020
2020
2020
2020
23
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2021
2021
2021
2020
2020
2021-2024

5G population coverage
Our assumptions regarding 5G population coverage (population in areas where 5G coverage is
available) are based upon the expectation that existing 2G, 3G and 4G frequency bands will be
partly re-used for 5G and that new frequency bands such as the 700 MHz and 3.4-3.6 GHz and
3.6-3.8 GHz bands will be made available in most European countries. 5G network will also reuse existing cell sites and this will accelerate roll-out of the first 5G networks. Our assumptions,
expressed in % of the population, are the following:
Table 8 - 5G population coverage assumptions
Country

2020

2021

2022

2023

2024

2025

Finland

5%

20%

40%

50%

60%

70%

France

1%

5%

20%

40%

50%

60%

Germany

3%

10%

25%

50%

60%

70%

Italy

1%

5%

20%

40%

50%

60%

Netherlands

1%

5%

20%

40%

50%

60%

Poland

0%

2%

5%

20%

40%

50%

Spain

0%

2%

5%

20%

40%

50%

Sweden

5%

20%

40%

50%

60%

70%

United Kingdom

5%

20%

40%

50%

60%

70%

2%

5%

10%

15%

20%

Other EU 28 countries 1%

5G share of the mobile market
The 5G market will provide xMBB services that are likely to follow the same evolution pattern as
observed in 4G and its evolutions (some of them considered as part of the 5G system). The rest
of the 5G market will be composed of IoT connections. Taking into account detailed feedback
from the vertical markets analysed in detail (see Annex A for details on these analysis), we
make assumptions on the share of connected objects using 5G networks.
Table 9 - Share of devices using 5G networks
Devices / share of 2020
5G devices (%)
Smartphones
0%

2021 2022 2023 2024 2025
1%
24

3%

4%

8%

13%
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10%
15%

15%
25%

In 2025, we forecast that 5G subscriptions will represent 13% of smartphone mobile
subscriptions, 15% of connected devices (as defined above) mobile subscriptions and 25% of
IoT mobile subscriptions.

5G market forecast
Based on these assumptions on 5G commercial launch date, 5G coverage and 5G share of the
global mobile market, we forecast that there will be 182 million 5G subscriptions in EU 28 at the
end of 2025.

Table 10 - 5G subscriptions World & EU 28 (million) – 2020-2025
Area / million
subscriptions

2020

2021

2022

2023

2024

2025

World

0.067

44

237

464

942

1 677

EU 28

0.002

6

31

58

108

182

For the nine selected European countries, the detailed forecasts are presented in Table 11
below:
Table 11 - 5G subscriptions for European countries (million) – 2020-2025
Country/area - million
subscriptions

2020

2021

2022

2023

2024

2025

Finland

0.0000

0.1

0.4

0.7

1.4

2.3

France

0.0002

0.7

3.8

6.9

13.1

22.1

Germany

0.0002

0.9

4.7

8.5

15.9

26.4

Italy

0.0002

0.8

4.3

7.8

14.9

25.1

Netherlands

0.0001

0.2

1.1

2.0

3.7

6.2

Poland

-

0.5

2.6

4.7

8.8

14.7

Spain

-

0.5

2.6

4.8

9.2

15.6

Sweden

0.0000

0.1

0.7

1.3

2.4

4.1

United Kingdom

0.0002

0.7

3.9

7.1

13.4

22.5

Other EU 28 countries

0.0004

1.4

7.4

13.6

25.7

43.2

EU 28

0.0016

5.8

31.4

57.5

108.4

182.2
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2.2

Evolution of traffic demand and profiles

2.2.1

Usage forecasts per device type

Our assumptions regarding cellular traffic for both the uplink (UL) and downlink (DL) per device
type are presented in the table below:
Table 12 - Estimated monthly traffic per device type - 2020-2025
Cellular traffic per device assumptions
(unit = MB, UL plus DL)

2020

2021

2022

2023

2024

2025

Monthly low-end phone traffic (in MB)

150

162

174

186

198

400

Monthly mid-range smartphone traffic (in
MB)

2100

2305

2510

2715

2920

3000

Monthly high-end smartphone traffic (in MB)

14900 16370 17840 19310 20780 22250

Monthly dongle traffic (in MB)

14200 15540 16880 18220 19560 18000

Monthly connected device traffic (in MB)

4500

4945

5390

5835

6280

6725

Monthly M2M device traffic (in MB)

180

198

216

234

252

270

2.2.2

IoT traffic characteristics

IoT traffic characteristics are presented here in terms of payload, number of transmissions and
traffic direction.
Table 13 - Payload and other characteristics for M2M applications
Applications

Details

Type of data

Payload
(in
byte)

Number of
transmitsessions
per
month5

Traffic
direction

Tools (e.g. drills)

detect early signs of product
failure

Status
measures

20

Up to 90 or
not
scheduled

Uplink

Other products
where the producer
is interested in
improving usability

sensors detect which pages
are opened when and in
which order

Numbers
Characters

40

not
scheduled

Uplink

5 These numbers are based on the current status and do not include the keeping alive/device management
messages. It should be noted that if keep-alive messages are sent more often than payload information, these
messages will be more important for load computations than the payload.
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Products which
require care (e.g.
flower pots)

communication sensor/node
would send a warning if
watering or fertilization is
needed

0 or 1 (burst)
- Binary
status

1/8

not
scheduled

Uplink
and
downlink

Fragile products

measure whether the product
is handled with sufficient care
and send an alarm if this is
not the case

0 or 1 (burst)
- Binary
status

1/8

not
scheduled

Uplink

Potentially
dangerous
products

send an alarm if somebody
unauthorized uses or moves
these products.

0 or 1 (burst)
- Binary
status

1/8

not
scheduled

Uplink

Products that
expire

alarm could be sent if
product properties cross a
certain threshold.

0 or 1 (burst)
- Binary
status

1/8

not
scheduled

Uplink

Products where
statistics on the
movement are to
be collected

to monitor a fleet of, e.g.
bicycles

Status
measures
GPS
coordinates

140

not
scheduled

Uplink
and
downlink

Products often
subject to theft

alarm in case of
unauthorized movement

0 or 1 (burst)
- Binary
status

1/8

not
scheduled

Uplink

Agricultural
application

help the farmer optimize the
right time for harvesting and
fertilizing

Status
measures
ex: humidity
level (%)

20

Up to 90

Uplink

Material monitoring
(e.g.: wind mill)

reporting vibrations and other
measures that may give an
early indication of material
damage or suboptimal usage

Status
measures

20

Up to 90

Uplink

Material monitoring
(e.g.: high-speed
train)

able to measure vibrations
and early indications for track
or wheel damage

Status
measures

20

Up to 90

Uplink

Material monitoring
(e.g.: building)

useful to quickly assess the
state of a building after a
natural disaster, such as an
earthquake or a hurricane

Status
measures

20

Up to 90

Uplink

2.2.3

Detailed traffic forecast for dense urban environment

Evaluation of mobile traffic density for a very high density of users
In the following table, we evaluate traffic density in a exemplary city with a density of 100000
inhabitants per square km with an assumption on 5G bulk daily traffic per user in the DL ranging
from 0.2 Mbps in 2020 to 1.05 Mbps in 2025.
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Table 14 - Traffic density on 4G and 5G infrastructure
Traffic on 4G and 5G
infrastructure
Population density (inhabitants per
square km)
MNOs market share
Mobile penetration rate EU28

2020

2021

2022

2023

2024

2025

33%
154%

33%
157%

33%
160%

33%
163%

33%
167%

33%
170%

Number of mobile users per sq. km

153936

157015

160155

163358

166626

169958

MNO's number of 4G & 5G users per
sq. km
MNO's number of 4G & 5G IoT
devices per sq. km
User throughput DL (Mbps)

50799

51815

52851

53908

54986

56086

16256

17346

17752

21227

18358

19577

0.2

0.37

0.54

0.71

0.88

1.05

Traffic density (Mbps per sq. km)

10159.
8
9.92

19119.7

28434.0

38113.1

48168.1

58610.0

18.67

27.77

37.22

47.04

57.24

Traffic density (Gbps per sq. km)

100000

xMBB users are distributed into three categories: heavy users, medium users and low users.
The following table presents the shares and number of users for each category:
Table 15 - xMBB users and traffic
xMBB users and traffic
xMBB users share of total users

2020
80%

2021
80%

2022
80%

2023
80%

2024
80%

2025
80%

MNO's xMBB users

40 639

41 452

42 281

43 127

43 989

44 869

xMBB heavy users share of total
xMBB users
MNO's xMBB heavy users

20%

20%

20%

20%

20%

20%

8128

8290

8456

8625

8798

8974

xMBB medium users share of total
xMBB users
MNO's xMBB medium users

50%

50%

50%

50%

50%

50%

20320

20726

21140

21563

21995

22434

xMBB low users share of total xMBB
users
MNO's xMBB low users

30%

30%

30%

30%

30%

30%

12192

12436

12684

12938

13197

13461

Evaluation of the average data throughput per user is provided in two ways: first the average
data throughput per user related to continuous use during peak hour is presented. It
corresponds for example to live OTT (Over The Top) streaming usage. Then, the user
experienced data rate is provided, according to the NGMN 5G White Paper [NGMN 5G]
definition provided below:
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Definition of the “user experienced data rate” according to the NGMN 5G White Paper
[NGMN 5G]
Data rate requirements are expressed in terms of user experienced data rate, measured in bit/s
at the application layer. The required user experienced data rate should be available in at least
95% of the locations (including at the cell-edge) for at least 95% of the time within the
considered environment. The user experienced data rate requirement depends on the targeted
application/use case. It is set as the minimum user experienced data rate required for the user
to get a quality experience of the targeted application/use case.
Assumptions regarding average data throughput per user and for each category of xMBB user
are presented in the table below:
Table 16 - Average data throughput per user
Average data throughput per user
(monthly traffic)
xMBB heavy users (GB)

2020

2021

2022

2023

2024

2025

50

95

140

185

230

275

xMBB medium users (GB)

15

24

32

41

49

58

xMBB low users (GB)

2

3

4

4

5

6

1.72

2.05

0.92

1.10

0.26

0.30

Average data throughput per user - Related to continuous use during peak
hour (example e.g. for live TV streaming)
xMBB heavy users throughput
0.4
0.73
1.06
1.39
(Mbps)
xMBB medium users throughput
0.2
0.38
0.56
0.74
(Mbps)
xMBB low users throughput (Mbps)
0.1
0.14
0.18
0.22
Average data throughput per user - Total traffic during active periods in
peak hour (equal to "experienced user data rate")
Assumed user activity factor
5%
xMBB heavy users throughput
(Mbps)
xMBB medium users throughput
(Mbps)
xMBB low users throughput (Mbps)

8

15

21

28

34

41

4

8

11

15

18

22

2

3

4

4

5

6

Traffic density is then calculated as:
•
•

connection density x throughput per user (related to continuous use during peak hour),
connection density x user experienced data rate.

The table below presents xMBB traffic density for the two calculation methods: the first one is
related to continuous use during peak hour and the second one corresponds to the total traffic
during active periods in peak hour (equal to "experienced user data rate").
Table 17 - xMBB traffic density
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xMBB traffic density - Related to
continuous use during peak hour
(example e.g. for live TV
streaming)
Heavy users (Mbps per sq. km)

2020

2021

2022

2023

2024

2025

3251

6052

8964

11989

15132

18396

Medium users (Mbps per sq. km)

4064

7876

11839

15957

20235

24678

Low users (Mbps per sq. km)

1219

1741

2283

2846

3431

4038

Total xMBB users (Mbps per sq.
km)
Total xMBB users (Gbps per sq.
km)
xMBB traffic density - In total
during active periods in peak
hour (equal to "experienced user
data rate")
Heavy users (Mbps per sq. km)

8534

15669

23085

30792

38798

47112

8.3

15.3

22.5

30.1

37.9

46.0

2020

2021

2022

2023

2024

2025

65023

121040

179271

239784

302645

367925

Medium users (Mbps per sq. km)

81278

157517

236774

319137

404700

493558

Low users (Mbps per sq. km)

24384

34820

45663

56927

68623

80764

Total xMBB users (addition of low,
medium and heavy users)(Mbps
per sq. km)
Total xMBB users (Gbps per sq.
km)

170685

313377

461708

615848

775969

942248

166.7

306.0

450.9

601.4

757.8

920.2

As a reference, the NGMN 5G White Paper identifies traffic density of 750 Gbps per km² (DL)
for the “broadband access in dense areas” scenario and a traffic density of 15 Tbps per km²
(DL) for the “indoor ultra-high broadband access”.
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Revenue assumptions per 5G subscription
type

Our analysis of 5G revenues is based upon the 5G subscription forecasts presented in section
2.1.3. The ARPU (Average Revenue per User/Unit) for each type of device takes into account
pricing tactics of the MNOs, the evaluation of customers’ willingness to pay, traffic per customer
(in section 2.2.1), 5G deployment schedules (in section 2.1.3) and vertical market analysis
which is detailed in Annex A of the present deliverable.
ARPU assumptions for smartphones and connected devices come from IDATE’s databases.
IoT revenues assumptions take into account the development of mMTC and URLLC
applications. In terms of technology, M2M applications currently rely mainly on 2G/2.5G. By
2020, 4G will have a significant position, with 65.2% CAGR6 at global level, between 2015 and
2020. Commercial launches of connected and autonomous cars will stimulate 5G takeoff from
2021 on, as they require more accuracy and reactivity in data treatment. The automotive market
is being stimulated in Europe by the eCall program7. Therefore, countries such as Germany,
France, Belgium, Poland and the Netherlands will enjoy higher automotive industry growth in
the next decade.
The main issue for the automotive market remains the willingness to pay for such services.
Moreover, some utilities market is seen as less attractive for telcos if only concentrators, which
communicate with the sensors using low power technologies such as Zigbee, will be cellular
connected.
URLLC is far less important in revenue generation, and we do not anticipate these features
being introduced before 2025 in most countries. We forecast URLLC revenue per subscription
to represent 25€ per month in 2020, decreasing to 22.5€ in 2030.
mMTC services ARPU are expected to be quite low as low power wide area (LPWA) operators
are currently setting the tariffs for the lower end of the market. Our evaluation of the ARPU for
mMTC also takes into account the trends observed from main mobile operators in Europe,
South Korea and in the USA. It should also be kept in mind that mMTC is attractive for mobile
operators due to the reduced churn of these subscriptions and the fact that customers pay for
connectivity and not for traffic volume.

6 Compound annual growth rate (CAGR) is a business and investing specific term for the geometric progression ratio
that provides a constant rate of return over the time period
7: https://ec.europa.eu/digital-single-market/en/news/ecall-commission-recommendation-8-september-2011
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Table 18 - ARPU estimates – EU 28 - 2020-2025
Subscription / ARPU in € per year

2020 2021 2022 2023 2024 2025

Smartphones

240

238

236

234

232

230

Connected devices

200

200

200

190

190

180

mMTC

5.0

5.0

4.0

3.5

3.0

2.5

URLLC

300

297

294

291

288

285

In 2025, we forecast that 5G revenues from service subscription should reach €26 billion in EU
28.
Table 19 - 5G subscriptions revenues in Billion € - 2020-2025
Area / revenues in Billion €
World
EU 28

2020

2021

2022

2023

2024

2025

0.01
0.00

7
1

38
5

66
8

144
16

244
26

As EU 28 represents close to 10% of total 5G subscriptions in 2025, revenues follow the same
trend. After 2025 though, the growth of uMTC services should be quite important in Europe and
generate strong revenues due to higher ARPU. It should also be noticed that in Europe, 5G will
represent 16% of mobile subscriptions in 2025.

32

Document: METIS-II/D1.2
Version: v1.1
Date: 2017-09-30

3

Status: Final
Dissemination level:
Public

METIS-II quantitative techno-economic
assessment methodology

This section describes the adopted techno-economic assessment methodology within METIS-II
project in order to evaluate the different possible provisioning strategies of future mobile
services (i.e. 5G services and beyond). For this purpose, a modular techno-economic
assessment framework is developed based on a bottom-up approach. The overall adopted
methodology can be divided into four successive steps as follows:
•

The definition of the 5G services usage scenarios and demand levels in the considered
area.

•

Identification of the technological solutions and deployment strategies for future radio
access infrastructure.

•

Identification of the dimensioning rules of future radio access infrastructure considering
different 5G services.

•

Analysis of the economic viability of the different technological solutions and deployment
strategies for the 5G services per different geographic areas.

In the forthcoming sections, a detailed description of each of the aforementioned steps will be
given in terms of the adopted technical and economic evaluation models and the necessary
input and output parameters

3.1

5G Services Traffic Demand Modelling

The 5G service usage scenarios are characterized, based on a set of parameters and
assumptions, which either can be obtained from market studies or defined use cases in [MII16D11]. The two main 5G services, mMTC and xMBB will be considered. In following subsection,
the main parameters are described to define lower and upper demand levels.
3.1.1

5G Services Usage Scenarios

The future mobile network service area can be divided into four types of geographical areas as
follows: dense urban (DU), urban (U), suburban (S) and rural areas (R). The main factors for
this classification are the subscribers’ densities per square kilometers (for both human type
communication and machine type communication) and the service usage pattern.
Generally speaking, the service usage pattern is related to the subscribers’ locations, their
activity factors and the expected quality of service. For example, traffic distribution between
different indoor and outdoor locations need to be modeled in each geographic area:
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•

Indoor Usage: This reflects the traffic originated by nomadic and stationary subscribers
in indoor locations such as home, offices, public indoor areas, etc. This indoor traffic
volume is estimated as percentage of the total traffic in the geographic area

•

Outdoor high/low mobility usage: This usage scenario reflects traffic originated by high
mobile subscribers in cars or from subscribers in street level; or by nomadic and
stationary subscribers (human, machine) in public outdoor areas such as park, bus/train
station, street etc. The traffic volume generated is estimated as percentage from the total
traffic in the geographic area under study

3.1.2

5G Services Traffic Demand Modelling

The profiling of the future 5G services traffic in specific geographic areas depends on the endsubscribers density and service usage pattern considering different human-centric and
machine-centric services. Generally speaking, the main factors for modelling the traffic demand
per specific geographic area of each machine-centric or human-centric service are as follows:
•

Subscribers density per km2 (for both human and machine).

•

The subscriber activity factor during busy hour (both human and machine). This is highly
related to the session arrival rate per subscriber (sessions/subscribers).

•

The minimum guaranteed data rate per session and service in (Mbps).

•

Average session duration in seconds (s/session).

The aforementioned factors can be used to come with more accurate demand estimation for 5G
services considering both of the offered traffic to the UP per cell type as well as the number of
concurrent connections that need to be handled by the CP.

Estimation of the offered traffic to the user plane
The 5G services traffic offered ( Di ) to the UP per cell type and in specific geographic area is:
Di   (U i Qi Ri ) Pi

(1)

where U i denotes the user density of service class i (i.e. mMTC and xMBB), Qi represents the
average session duration, Ri is the minimum guaranteed data rate per session and service in
(Mbps) and Pi represents the subscriber activity factor during busy hour for each service type.

Estimation of the offered concurrent connections to the control plane
The average network access attempts and maximum number of concurrent connections that
can be offered per cell and in specific geographic area is highly related to the assumptions
about the session arrival rate/cell from different services in short random access (RACH)
interval t. The session arrival rate/cell (sessions/(s  cell)) in time interval t is calculated as
Pm ,t ,n,rat, p   (Pi ,t  Ad , p )
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Pi ,t represents the device arrival rate per km2 of a specific geographic area (sessions/(s  km2))

of service class i and during time interval t, Ad,p the cell area of specific radio access technology.

3.2

Technological solution and
Strategies for 5G Services

Deployment

The ongoing technological solutions at the mobile network architectural level and the radio
access technologies are paving the ways for different deployment options for future mobile
services as will be discussed below.
In future 5G network, different Air Interface Variants (AIVs) and spectrum bands are expected to
be used in more flexible and dynamic manner based on different RAN architecture realization
option discussed in [MII16-D22]. Examples of different possible deployments options that are
anticipated in horizon of year 2020 are shown in Table 20. These deployment options are
characterized by their different frequency bands for which the most probable characteristics are
indicated, the available bandwidths, the associated numbers of antennas on the base station
side as well as suitable deployment environments (e.g. dense urban or rural). It is also specified
in our deployment options whether these bands will be used for small cell deployment, by which
air interface variant (5G NR or LTE), and for which service (xMBB or MTC). The different
duplexing modes (FDD for Frequency Division Duplexing, TDD for Time Division Duplexing and
SDL for Supplementary Downlink) are identified for each frequency band.
Table 20 - Spectrum bands, associated technological components and services
Bands (Duplex
mode)

Area type

700 (FDD)

All

800 (FDD)

No of BS
antennas

AIV

Small
cell

Service
xMBB

Service
mMTC

2*30

4

NR

No

yes

Yes

All

2*60

4

LTE

No

yes

Yes

900 (FDD)

R

2*35

4

LTE

No

yes

Yes

1500 (SDL)

All

44

4

LTE

No

yes

No

2100 (FDD)

DU/U/SU

2*60

4

LTE

Yes

yes

No

2600 (FDD)

DU/U/SU

2*70

4

LTE

Yes

yes

No

2600 (TDD)

DU/U/SU

50

4

NR

Yes

yes

No

3500 (TDD)

DU/U

200/400

64

NR

yes

yes

No

2000

>64

NR

Yes

yes

No

mmWave (30 GHz)

all8

Bandwidth
(MHz)

8 mmWave can be used in small cells for capacity. It can be also used for Fixed Wireless Internet which may be for
point-to-multipoint in urban areas or point-to-point for rural areas.
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Note that unlicensed bands will not be taken into account for the dimensioning exercise as
these are not reliable bands; however they are used for opportunistically increasing data rates.
It is important to note that the priority and availability of these bands will depend on country,
date and operator. For the sake of our study, the deployment priority schemes have been
defined.
Concerning the dense urban area, an initial inter-site distance (ISD) has been set according to
the ISD observed in a very dense existing macro cell mobile network. Among different
deployment options, it begins with 5G macro cell layer deployment on existing macro sites; and
the small cell deployment will not start until all macro cell frequency bands have been fully used.
All 5G small cells will be rolled out on sites from scratch. A maximum ratio of number of outdoor
small cells to a macro cell has been set in the study, while percentage of area covered by indoor
small cells, average number of floors and minimum cell surface have been set as parameters in
order to define the limit of indoor small cell density. If all macro and small cell radio resources
have been fully used, the macro site densification could be considered as the last technical
option due to difficulties to find out new macro sites in dense urban area.
Regarding the frequency bands deployment order, the following order has been established:
I.

Macro layer:
1. NR on 700 MHz;
2. NR on 3500 MHz;
3. NR on 2600 MHz

II.

Small cells, outdoor and indoor at the same time:
1. NR on 2600 MHz;
2. NR on 3500 MHz;
3. NR on mmWave.
The following assumptions have been also made for small cell deployment methodology:
•

Up to 4 outdoor small cells per macro cell. Two assumptions have been made:
1) Optimistic assumption: small cells are deployed in hotspots and offload a
large amount of traffic according to their available spectrum.
2) Pessimistic assumption: outdoor small cells deployment is not optimized, and
they only offload the traffic in their coverage area calculated according to
average traffic density.

•

One home/office indoor small cell per room and per floor, which is capable of
offloading one heavy or medium user’s traffic.

•

Up to 4 hotspot indoor small cells per macro cell, which offload a large amount of
traffic according to their available spectrum.
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Macro site densification: NR on 700 MHz, 3500 MHz and 2600 MHz.

The following diagram illustrates the xMBB service deployment strategy in dense urban zone.
For the mMTC service, it is only deployed at 700MHz macro cell layer. The available bandwidth
for xMBB will be in consequence reduced in 700 MHz after mMTC deployment.
Note that we do not consider in the current analysis the costs and revenues relative to 4G
evolutions.
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Figure 4 - Deployment scenario in dense urban area
The outdoor and indoor small cell rollout method is shown more in detail in the following
diagram.
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Figure 5 - Small cell deployment method

3.3

5G Mobile Network Dimensioning Rules

This section defines the network engineering and dimensioning rules for the future 5G mobile
networks. First, we will discuss why new radio access network dimensioning rule should be
considered in future mobile network. Then, the adopted dimensioning procedures by METIS-II
project will be described considering both of the radio access part and backhauling parts.
3.3.1

Dimension rules for 5G network: Why a New Approach is needed?

Today’s mobile network systems are predominantly designed for users with telephony and
mobile broadband demands. Extending mobile broadband services to the mobile community
has been the main driving force in the evolution of cellular networks so far. In this respect,
expanding the radio access part to provisioning the targeted mobile broadband experiences in
terms of coverage and capacity have been the main objectives. In this context, the basic tradeoff between the targeted mobile service experience in terms of coverage and capacity on one
side and the required network deployment and operation costs on the other side are normally
investigated [KJ-07] [LKWAM-14]. For this purpose, a simple dimension rule for mobile
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broadband services in 3G and 4G networks has been adopted as shown in Equation (3) [ZJ-97]]
[AWKCJ-14].
𝑁𝐵𝑆 = 𝑀𝑎𝑥 [(

𝑁𝑢𝑠𝑒𝑟 ∗ 𝑅𝑢𝑠𝑒𝑟 ∗ 𝐴𝑐𝑒𝑙𝑙−𝑎𝑟𝑒𝑎
𝐴𝑠𝑒𝑟𝑣𝑖𝑐𝑒
)]
),(
𝜂 ∗ 𝐵𝑊𝑠𝑦𝑠
𝐴𝑐𝑒𝑙𝑙−𝑎𝑟𝑒𝑎

(3)

Where, 𝑁𝐵𝑆 is the number of base stations, Acell−area is the size of the cell area, BWsys is the
available (spectrum) bandwidth, η is the effective frequency reuse factor, R user is the average
offered data rate per mobile subscriber, Aservice represents the size of the targeted service area.
While Nuser represents the number of the active mobile subscribers during the busy hour.
Increasing adoption of MTC applications brings new challenges for traditional cellular networks
signaling mechanism and CP system capacity. These challenges have been discussed in
METIS-II White Paper [MII16-WP] projected to ‘scale to extreme’ in terms of throughput,
number of devices and number of connection to handle CP and UP individually. In this respect,
event driven MTC services like smart grid, disaster management, earthquake detection or flood
detection services can cause access crunch by triggering many devices in a geological location
to send incident report to the server. In such conditions, the well-known traffic and network
access patterns that are experience in 3G and 4G networks due to human-centric services (i.e.
telephony and mobile broadband services) will change. In other words, more heterogeneous
traffic scene and large numbers of asynchronous devices belonging to different service sets can
be anticipated as illustrated in Figure 6.

Figure 6 - HTC (Human Type Communications) and MTC multiservice device arrival
pattern
For mix human-centric and machine-centric services cases as illustrated in Figure 6, we
propose a traffic arrival model that captures slotted ALOHA based random access features with
retransmission impact described in Annex C. Based on the model in equation (4) and equation
(5), the number of PRACH slot required to achieve an access rate can be calculated.
𝑅𝑗 = 1 − ∏𝐾−1
𝑙=0 𝑃𝑐 (𝑁𝑗+𝑙 ⌈1/𝑞⌉ , 𝑀)
𝑋
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𝑁

𝑀 − 1
]
𝑀

1
𝑞
𝑗+𝑙 ⌈ ⌉
𝑋

) , ∀𝑗 ≥ 1.

(5)

Where 𝑅𝑗 is the targeted access rate, 𝑃𝑐 (. ) is the probability of collision at one RACH slot, M is
the number of random access opportunity. 𝑁𝑗+𝑙 ⌈1/𝑞⌉ is the number of devices attempting to
𝑋

connect in certain RACH period and 𝑙 is the number of allowed retransmissions (see Annex C).
Indeed, RACH dimensioning will affect the UL dimensioning. At the same time, the maximum
number of devices attempt to connect within the retransmission period will affect the PDCCH
(Physical Downlink Control Channel) dimensioning as well. In that perspective, this dimension
will give the PDCCH requirement to meet certain level of reliability, which will influence the
overall 5G radio-dimensioning model. This incurs the need to link CP capacity dimensioning
with cell coverage and UP capacity dimensioning.
3.3.2

Dimensioning rule for Radio Access part in future mobile network

The number of radio sites/radio head (NRadio) can be dimensioned subject to the capability of
the adopted technological solution in terms of UP resource capacity per cell type, cell coverage,
control plane capacity and processing capacity per cell type as shown in the following formula:
NRadio = Max ([

∑ Di
],
ASE {BWsys −(BWOverhead +BWMTC )}

A

∑ CPi

[A se ] , [CP
cell

cell

])

(6)

Where: (Acell ) is the size of the cell area, (BWsys ) is the available (spectrum) bandwidth, Ase
represents the size of the targeted service area in square kilometers, ASE is the average
spectral efficiency of the adopted radio access technology or AIV, (Di ) is the traffic demand
level for each 5G service type per one square kilometer and during the busy hour,
BWOverhead represents the resources required for CP overhead, BWMTC is the resource required
for MTC services specially for NB-IoT, 𝐶𝑃𝑖 represents the required Control Plane Resource
Capacity during busy hour by each service type (in terms of concurrent users) and 𝐶𝑃𝑐𝑒𝑙𝑙
represents the maximum CP capacity per radio base station type (in terms of the concurrent
number of connections).
In such case BWOverhead can be calculated as below
BWOverhead = BWGuardband + BWCyclic + BWCRS + BWSS + BWPBCH + BWDRX + BWPHICH +
BWPCFICH + BWPDCCH
(7)
Where: BWGuardband is the bandwidth earmarked for frequency guard bands, BWCyclic is the
resources for cyclic prefix, BWCRS is the resources used for cell specific reference signal
broadcasting, BWSS is the resources required for synchronization signal broadcasting, BWPBCH is
the resource reserved for broadcast channel, BWDRX is the resources reserved to broadcast
discontinuous reception related information, BWPHICH is the bandwidth reserved for HARQ
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ACK/NACK, BWPCFICH is the resource reserved to broadcast frame format related information.
Required resources for PDCCH is denoted as BWPDCCH . Required resources can be calculated
as below:
BW𝑃𝐷𝐶𝐶𝐻 = Max( [∑ Ui ∗ 𝑁𝑅𝐸 ], [∑ URACH ∗ 𝑁𝑅𝐸 ] )

(8)

Where, Ui is the per connected user that needs to access the PDCCH channel per service,
URACH is the number arrival devices use the PDCCH for resource allocation, and 𝑁𝑅𝐸 is the
average number of RE allocated per user.
As 5G is considered to support NB-IoT services, we calculate the resource requirements for NBIoT as well. In this case it is quite straight forward as the system bandwidth is equal to one
resource block (RB) bandwidth which is 180 kHz. The number of resources that should be
reserved for MTC services is calculated based on NB-IoT inband, NB-IoT outband and single
AIV to support xMBB and MTC services. In order to dimension these three scenarios we follow
the charts below:
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Figure 7 - DL control plane dimensioning for single AIV to support xMBB and MTC
services
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Figure 8 - DL control plane and NB-IoT outband dimensioning strategy
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Figure 9 - DL control plane and NB-IoT inband dimensioning strategy

3.3.3

Dimensioning rule for backhaul part in future mobile network

The traffic from the radio base stations or the radio head units are connected through different
layers in the transmission network (i.e. fronthaul, backhaul links and aggregation nodes) subject
to the physical RAN architecture realization options discussed in [MII16-D22], Figure 5-6. But
generally speaking the number of required backhaul links can be calculated as function of the
average backhaul load offered by each radio base station or radio head (R BH ), maximum
capacity of the backhaul link (CBH) and the number of radio bases station (NRadio ) as illustrated
in Equation 9.

NBHL = ([NRadio

RBH
CBH )

])

(9)

Similarly the number of required aggregation nodes or centralized processing unit can be
calculated as a function of the number of required backhaul links (NBHL), maximum capacity of
the backhaul link (CBH) and maximum capacity of the aggregation node (Cag ) as illustrated in
Equation 10,
𝑁𝐵𝐻𝐿 ∗𝐶𝐵𝐻

NAgg = (

𝐶𝑎𝑔
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Network cost model

The cost model in this section calculates the capital and operating costs, CAPEX and OPEX,
associated with RAN, whose cost is predominant compared to the cost of mobile core network.
The CAPEX includes all capital expenses that operator invests for the initial setup of the
network; while the OPEX includes all the expenses the operator pays along the time to rent,
maintain and manage the network. The cost model covers the base station sites and the
fronthaul and backhaul from these sites. Other costs associated with the RAN are either
assumed to be much lower, or included into the costs for the individual sites. For the sake of
simplicity, all the sites of a certain type are assumed to have the same cost.
Based on these assumptions, the TCO of a network solution is linearly dependent of how many
sites of a certain type need to be deployed and operated, n i , and on the total cost for a site of
that type, C i :

C network 

n C

i
allsitetypes

(11)

i

The cost model is based on the current mobile network before 5G deployment. The cost
structures have then been slightly modified to adapt to the expected 5G specificities; and some
values of cost items in the model have also been modified. The general approach here is to
make usage of collected data as much as possible or making extrapolations and assumptions
according to the characteristics of the cost items in 5G.
The following paragraphs summarize the cost model structure used in our study. Some
examples of the cost items are listed in Annex B. The cost item estimations have been made for
the sake of our study. They do not represent real values in an MNO’s networks as there are and
will be many different factors which may lead to other values.

CAPEX – Site building
In general, the parameter of site building in the model covers site design & engineering, site
research & acquisition, civil work, mast purchase & installation, housing and nontelecommunication equipment installation & commissioning, electricity power equipment.
The civil work includes concrete plinth and steel beam as foundation, support of mast and radio
cabinet, fence and local for the guard, access path to the site, etc. The housing refers to shelter
purchase & delivery, installation; air conditioning, fire protection system and site adaptation. The
electricity power equipment corresponds to electricity feeding & connection, purchase, delivery
and installation of generator, fuel tank and DC power cabinet.
Following their costs, the sites can be logically classified into 2 categories: site built on rooftop
and site built on green field. A green field site is one not situated on the existing architecture but
built on the ground. A green field site’s infrastructure comprises more elements, and they are
often more expensive than a rooftop site’s.
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The data relative to existing sites shows that site building is the most expensive CAPEX
component even for rooftop site.
The 5G macro and small cell site building cost is based on the 2G, 3G & 4G sites building cost
in an average European countries. It seems to be logical that the 5G site building cost is of the
same order of magnitude.
Two values of site building cost have been proposed according to whether it is an existing site
to share with other precedent generation of mobile technologies or a totally new site, i.e. a site
from scratch.

CAPEX – Base station equipment
The prices of 5G macro or small cell base stations are unknown nowadays, thus their numbers
have to be assumed, based on 4G BS (Base Station) prices taking into account their respective
capacities.
In the case of 5G, part of the base station cost related to each remote site will be transferred to
centralized base band unit site.

CAPEX – Site equipment: antenna & feeder
Antenna and feeder cost refers to feeder and antenna purchase, delivery and installation. For
macro sites, their antennas are installed on roof-top or on mast. An extrapolation has been
made to deduce for the massive MIMO antenna used in some 5G sites.
For small sites, as in 2G, 3G and 4G, antenna is considered not to be independent, i.e. antenna
cost is included in small cell base station prices.

CAPEX – Transmission network building
One major element of our cost model is the cost of fronthaul and backhaul from the radio base
station to the first aggregation point.
Basically all available transmission solutions can be classified into 2 categories: wireless and
wireline.
According to the environments, a site can be considered as already connected to optical fiber
network or needs to be connected.

OPEX – Operation OPEX
The so-called operation OPEX is consisting of the diverse maintenances and labor costs.
The diverse maintenances cover a wide range of maintenances, such as mast maintenance for
macro site, supplier maintenance, site security, site caretaking, etc.
Labor for RAN system is defined as the labor cost of operator’s internal staff, who works directly
for operation, optimization, maintenance and supervision of RAN system.

OPEX – Site rent
The site rent includes site rental fees & annual taxes.
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For a macro site, the site rental is based on the average site rent in France. The rent is equally
shared among all generations on the same site.

OPEX – Energy consumption
The energy consumption of a base station site can be expressed by the following analytic
formula:
Total Power = Power of BS + Power of site feeding system + Power of air conditioning system (12)
The power of a BS is generally speaking linked to baseband unit (BBU) consumed power,
transmitted power and traffic load.
Considering 5G energy saving it is supposed that a 5G site consumes the same amount of
energy as a 4G site even its traffic load is much higher.

OPEX – transmission network OPEX
The transmission network OPEX is in fact the rent paid to third part for the rental of optical fiber
fronthaul or backhaul network by a commercial offer destined to MNO, if the MNO is not the
owner of the transmission network.
The rent of optical fiber normally depends on its throughput.

3.5

Cost Benefit Analysis Approach

The economic viability of different technological solutions for the provisioning of the future
mobile 5G services can be assessed based on a comparison of the total cost of ownership
(TCO) and the revenues.
At first, the cost calculation will be carried out for deployment infrastructure in the considered
geographic area considering different technological solutions. In this context, the distribution of
the 5G subscribers (both human and machine) in the area under study is taken into account.
The expected result of this step is to give a value of provision cost structure in terms of present
value (PV) considering all expenditures, including spectrum fees, all network components, and
commercial expenditures.
The annualized Total Cost of Ownership (TCO) is evaluated at year zero (investment year)
based on the present value calculation method as shown in Equation (13).
T

TCOPV = ∑

TCOt
(1 + r)t

(13)

t=1

Where TCOPV represents the annualized total cost of ownership in term of the annualized
CAPEX and annualized OPEX in year t, while r represents the discount rate and t represents
the network operation period in years.
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Finally, the comparison between the present value of TCO and the present value of forecast
revenues will give the present value of cash flow, which measures the 5G services’ profitability
of an MNO.
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Techno-economic Analysis of
Dense Urban environment

This chapter analyzes the 5G xMBB and mMTC deployment of an existing MNO in dense urban
area.

4.1

Traffic Demand Estimation

The xMBB user demand in an area equals to the average usage per user (ARPU) times the
number of users in the area. Mobile data usage is the amount of data sent and received per
user during one month, usually expressed in GB. The mMTC user demand is defined as the
activity needed per day per area per IoT service. This equals to number of devices per service
times number of time the service needed to access the network to transmit.
In this study, the traffic demand of xMBB and mMTC in dense urban area described in section
2.2.3 has been considered. For the sensitivity analysis, we consider METIS-II use case, dense
urban information society (UC 1) and massive distribution of sensors and actuators (UC 4) for
xMBB and mMTC traffic modeling, respectively.

4.1.1

IoT Traffic Demand Estimation9

Categorized IoT services
In the work, three classes of IoT services have assumed. The indoor IoT service class
represents the stationary sensors deployed in indoors i.e. inside buildings. The outdoor services
class represent sensors and actuators which are deployed outside and may have mobility need.
The third class represents IoT services that require mobility. Table 21 depicts the IoT sensor
and actuator distribution among these service classes.
Table 21 - Categorization of mMTC services
Type of
Service
Indoor
Outdoor
Indoor/
outdoor

Device ratio per service
2020
75%
18%
7%

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
73% 71% 69% 67% 65% 63% 61% 59% 57% 55%
18% 19% 20% 21% 21% 22% 23% 24% 24% 25%
8% 10% 11% 12% 14% 15% 16% 17% 19% 20%

9 IoT traffic estimates for 2025-2030 follow the trend considered for the 2020-2025 period of time: the same growth
rate is applied for 2025-2030.
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Furthermore, we map these three service classes with six different IoT application classes and
seventeen different IoT applications as illustrated in Table 22.

Table 22 - Mapping mMTC applications to specific service type:
Device ratio per service (%)
2025

2026

2027

2028

2029

2030

2024

2023

2022

2021

Service
Type

2020

Application
s

Fleet
Managemen
t

outdoor

0,5

1,3

2,0

2,8

3,5

4,3

5,0

5,8

6,5

7,3

8,0

Tracking

outdoor

8,0

7,8

7,6

7,4

7,2

7,0

6,8

6,6

6,4

6,2

6,0

Smart
Metering
Smart Grid

indoor

30,0

outdoor

1,0

28,
5
1,4

24,
0
2,6

22,
5
3,0

21,
0
3,4

19,
5
3,8

18,
0
4,2

16,
5
4,6

15,
0
5,0

Transport and Logistics

Utilities
27,
0
1,8

25,
5
2,2

Smart Cities
Smart
Parking
Waste
Managemen
t
City Lighting

indoor

13,0

12,
6

12,
2

11,
8

11,
4

11,
0

10,
6

10,
2

9,8

9,4

9,0

outdoor

2,0

2,1

2,2

2,3

2,4

2,5

2,6

2,7

2,8

2,9

3,0

outdoor

5,0

4,8

4,5

4,3

4,0

3,8

3,6

3,3

3,1

2,8

2,6

Smart building
Smoke
Detectors
Alarm
Systems
Home
Automations
Security
Sensors

indoor

5,0

5,0

5,0

5,0

5,0

5,0

5,0

5,0

5,0

5,0

5,0

indoor

5,0

5,1

5,2

5,3

5,4

5,5

5,6

5,7

5,8

5,9

6,0

indoor

2,0

2,3

2,6

2,9

3,2

3,5

3,8

4,1

4,4

4,7

5,0

indoor/outdo
or

4,0

3,9

3,8

3,7

3,6

3,5

3,4

3,3

3,2

3,1

3,0

Consumers
Wearables
Kids/elderly
Trackers
Health
Monitoring

indoor/outdo
or
indoor/outdo
or
indoor/outdo
or

1,0

1,4

1,8

2,2

2,6

3,0

3,4

3,8

4,2

4,6

5,0

0,5

0,7

0,8

1,0

1,1

1,3

1,4

1,6

1,7

1,9

2,0

1,5

2,4

3,2

4,1

4,9

5,8

6,6

7,5

8,3

9,2

10,
0
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Environmental
Flood
Monitoring
Earthquake
Monitoring
Water, Air,
Noise,
Moisture
Monitoring

outdoor

0,50

outdoor

0,5

indoor

20

0,4
7
0,4
7

0,4
4
0,4
4

0,4
1
0,4
1

0,3
8
0,3
8

0,3
5
0,3
5

0,3
2
0,3
2

0,2
9
0,2
9

0,2
6
0,2
6

0,2
3
0,2
3

0,2
0
0,2
0

19,
5

19,
0

18,
5

18,
0

17,
5

17,
0

16,
5

16,
0

15,
5

15

Please note that IoT services are not limited to these listed services. However, these are the
services frequently predicted as the potential profitable services for MNOs.

Event Generation per mMTC Services
We took the assumption made in chapter 2 in order to define each application’s service interval
of 10 years. Table 32 shows the service interval distribution assumption that has taken for this
study.
Table 23 - Application oriented service interval requirement assumption (average number
of minutes between two messages).
Events interval (in minutes)
2027

2028

2029

2030

2026

2025

2024

2023

2022

2021

2020

Applications

3
3

2,6
2,6

2,2
2,2

1,8
1,8

1,4
1,4

1
1

182,5
3

147
2,6

111,5
2,2

76
1,8

40,5
1,4

5
1

Transport and Logistics
Fleet Management
Tracking

5
5

4,6
4,6

4,2
4,2

3,8
3,8

3,4
3,4

Utilities
Smart Metering
Smart Grid

360
5

324,5
4,6

289
4,2

253,5
3,8

218
3,4

Smart Cities
Smart Parking
Waste
Management
city lighting

360

325

290

255

220

185

150

115

80

45

10

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

Smart Building
Smoke Detectors
Alarm Systems
Home Automations
Security Sensors

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

360

325

290

255

220

185

150

115

80

45

10

30,5

24,6

18,7

12,8

6,9

1

Consumers
Wearables

60

54,1

48,2

42,3

52

36,4
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5

4,6

4,2

3,8

3,4

3

2,6

2,2

1,8

1,4

1

5

4,6

4,2

3,8

3,4

3

2,6

2,2

1,8

1,4

1

Environmental
Flood/water
Monitoring
Earthquake
Monitoring
water, air noise,
moisture
Monitoring

360

324,5

289

253,5

218

182,5

147

111,5

76

40,5

5

360

360

360

360

360

360

360

360

360

360

360

60

54,5

49

43,5

38

32,5

27

21,5

16

10,5

5

From the service interval, devices’ total transmission per day can be easily calculated which
gives us the demand for IoT services.

4.1.2

Resulting traffic profiles

In order to do the sensitivity test we define three cases, 1) Low Load, 2) Baseline, and 3) High
Load case. The traffic profiling assumption made in chapter 2 is the baseline assumption for this
study. Then we consider ten times lower demand than the baseline demand as low load case
and ten times higher demand as high load case. The values we have considered here in this
study to do the sensitivity test for xMBB and mMTC are listed below in Table 24. Please note
that when the sensitivity test for one service is conducted, the other service parameter is set to
its baseline assumptions.
Table 24 - xMBB and mMTC user pattern defined for three cases.
Service

xMBB

mMTC

Parameters
Monthly Traffic in GB/month/ Subscriber
(Heavy Subscribers Usage)
Monthly Traffic in GB/ month/Subscriber
(Medium Subscriber Usage)
Monthly Traffic in GB/ month/Subscriber
(Low Subscriber Usage)
Share of total xMBB users (%): (Heavy
Usage)
Share of total xMBB users (%): (Medium
Usage)
Share of total xMBB users (%): (Low
Usage)
MTC services penetration rate (%)
CAGR of the MTC penetration (%)
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High
Load

Baseline

Low
Load

100

50

20

30

15

8

4

2

1

70

20

10

20

50

20

10

30

70

68
39

48
29

28
19
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5

100

200

0.00278

0.000278

7E-05

0.25

0.5

0.8

Impact of the control plane requirements on
the Provisioning cost of 5G services

In order to relate the overhead costs to other network costs we present a sensitivity analysis for
5G and 4G networks. Table 25 illustrates the spectrum requirements for overall overhead (CP,
cyclic prefix and guard band). These results represent the minimum resource required for
overall overhead by taking into account of two radio ports and two antennas. As mentioned in
[MII16-WP] we took the assumption that the 5G requires less signaling and all the reference
signals are jointly transmitted with the payloads. This minimizes the overhead.
Table 25 - Overhead resource requirements for 5G with 2 antenna ports
Req. Resource for DL control plane per radio frame (%)
BW (MHz)
5
10
15
20
30

4G
47.7
36.3
34.9
34.2
33.5

5G
40.6
29.2
27.7
27.1
26.3

We also did a sensitivity test in order to check the resource constraint for NB-IoT. In this case,
we assume that the NB-IoT is a standalone system using a separate AIV and we evaluate the
resource requirement for assumed IoT devices in high load, low load, and baseline case. Table
24 presents the values that have been used to render the above three cases. In this case,
xMBB services were set to baseline assumption and we change the mMTC user profile to check

10 This parameter is defined as the arrival window that measures how many of the devices can arrive within that
window.
11 This is the factor that defined how many events are active and reserve some resource at one point of time.
12 As NB-IoT is using the same resources for control and data information transmission this is the factor that how
many of the resources can be occupied by the CP at a point of time
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the resource requirement depending on the event generation rate and arrival interval. The
results illustrated in Figure 10 portray the spectrum requirement for NB-IoT control signaling. It
shows that in order to handle 1 million devices in baseline scenario, NB-IoT requires around 400
kHz for CP, then another 400 kHz at most is needed for UP depending on the devices’ DL
activity. However, in the high load case the increased activities of same number of devices
actually require more resources than baseline case.

Figure 10 - NB-IoT resource requirements

Figure 11 - Resource requirement for control channel and NB-IoT (inband) in 5 MHz
channel bandwidth
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In Figure 11 we have compared the resource requirements of CP and NB-IoT for different
service options. It is interesting to notice that inband NB-IoT actually requires more percentage
of resource to be reserved for control than 5G or 4G AIV in high load. However, in balanced and
low load the requirement is similar to 4G. Still NB-IoT meets the energy efficiency, coverage
requirements of IoT services and reduces the devices design level complexity of regular UEs.
This helps to reduce the cost of connectivity price as well as device cost. However, one needs
to be more careful while provisioning resources for this type of services. Resource vs. UE cost
needs are to be considered more thoroughly in future studies.

Figure 12 - Impact of Concurrent connection in soft split
Figure 12 shows the impact of concurrent connections of devices in 5G with NB-IoT (inband).
We assume that macro cell below 1GHz is also used for xMBB services along with mMTC
services. Also, we have assumed that the 5G/NR can handle 1000 concurrent connections per
cell. As we have assumed that over the years, the device rate as well as device’s activity rate
will increase linearly. In such condition, with different penetration rate and annual growth rate
above figure shows the impact of concurrent connections over 10 years. According to the
findings, if the device penetration rate and growth rate follows the baseline case stated in Table
24 we need minor densification over the macro cells per km2. However, just a 10% increase of
the growth rate over the year may require 10 times more cells than baseline case that means
the site will densified with more cells per site until it reaches the maximum number of cells per
site before adding any extra site for the specified area.
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Figure 13 - Required NR for dimension strategy (Baseline scenario)
Figure 13 illustrates the deployments of different NR to meet the yearly traffic demands for 5G
networks starting from year 2020. We assume that 7 hexagonal cells are covering 99% of the
region (of area equal to 1 Km2). As we can see from the figure for the baseline case (values are
stated in table 24) we need the small cell deployment from year 2025 on. On the 10th year we
need only the outdoor small cell deployment and in this case it is only 1 hotspot per km2.
Moreover, we need 2 additional macro cells in 700 MHz in year 2030 in order to support 1
million devices with envisioned activity rate.

4.3

Techno-economic results and analyses

This section presents the results related to 5G xMBB and mMTC deployment in dense urban
area from an MNO point of view. It focuses on 5G AIVs for both xMBB and mMTC services. The
different deployment options as stated in section 3.2 have been considered. The NR spectral
efficiencies have been assumed to be the LTE-A spectral efficiency times the expected gain
brought by 5G, stated in the literature, aside from the massive MIMO spectral efficiency of
macro cell at 3.5GHz. In fact, the spectral efficiency with massive MIMO observed in a trial is
used to estimate the spectral efficiency of macro cell at 3.5GHz.
For mMTC services, the NB-IoT which is inband and shares the same frequency band as xMBB
has been handled. Furthermore, it is assumed that only the macro cells at 700 MHz are
responsible for handling mMTC traffic.
All results in the section are given for an area of 4 km2 (2km x 2km). The analyses and
conclusions would not be altered if the considered surface varies since both the cost and
revenues are linearly proportional to the surface.
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It is supposed that the 5G network deployment will begin in 2020, and the results hereafter are
estimated for 5G commercial opening in 2021. A shift of deployment schedule, e.g. the 5G
network deployment and its commercial opening will begin one year earlier, would not alter the
analyses and conclusion.
The cumulative discounted cash flow (cumulative net present value) of MNO is often used in the
following sections to conduct the economic analysis since it is the main criteria of economic
assessment.

4.3.1

Overview of the results

In nearly all studied situations, 5G deployment will be financially profitable for an MNO in dense
urban area under our traffic and cost assumptions.
In order to meet the traffic demand, only macro sites at 700 MHz will be needed at the
commercial opening of 5G network. The 3500 MHz and 2600 MHz should be deployed a few
years after the year 0. The small cells deployment should be started nearly in the same year
when the 3rd macro frequency band will have been rolled out. A large number of small cells,
especially for home/office indoor usage will be necessary to carry the forecast traffic. The small
cells deployment cost will take a much larger part of TCO than the precedent mobile technology
generations. Although the needed number of small cells is very high, it seems that generally
speaking 2600 MHz and 3500 MHz are enough for small cells. The mmWave might only be
needed for other service than xMBB and mMTC such as fixed wireless service, some URLLC
services like V2V.
Only in isolated business districts where the population density during daytime is much higher
than an average European dense urban area, the macro cell densification will be required near
the end of studied period mainly due to indoor traffic. Since it is practically impossible to densify
the existing macro network in such areas, the indoor traffic offload by alternative radio solutions
should be envisioned for these special zones.
For appropriate interpretation of our results, it is important to bear in mind the following 2 points:
•

•

4.3.2

Only main expenditures of MNOs, i.e. access and backhaul network CAPEX and OPEX,
are estimated in our study. The other expenditures of MNOs such as core network
expenditure, commercial expenditure, etc. are not taken into account.
The dense urban area is traditionally the most profitable area of a mobile network. The
business case of other areas, especially in rural area, could be less profitable or even be
in deficit, dependent on 5G use cases and services to be fulfilled (e.g. URLLC).

MNO environment impacts

This section examines the cumulative discounted cash flow of an MNO in different
environments.
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Figure 14 shows the cumulative cash flow at present value (cumulative discounted cash flow) of
an MNO sharing a market with different numbers of MNO. The calculation has been made
assuming each MNO has the equal share of market.

Cumulative cash flow (PV) of an MNO with
different numbers of MNOs in the area
20 000

15 000

10 000

K€

2 MNO
3 MNO

5 000

4 MNO

-

-5 000
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Figure 14 - Cumulative discounted cash flow of an MNO with different numbers of MNOs
in the area
As expected, the more there are MNOs, the less profitable the 5G business case of a single one
will be. The business case becomes profitable when the cash flow curve cuts the 0k€ axis. In a
market with more MNOs, not only the amount of cash flow will be lower in the end of the period,
but also the Payback Time will be longer.
The ARPU has been supposed to be independent of the number of MNOs in the market on
Figure 14. In reality, ARPU tends to decline with more MNOs sharing the market.
Figure 15 looks at the influence of market share of an MNO on its 5G deployment business
case. The cash flow of an MNO in a 4 MNO market but with different market shares is shown in
the figure.
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Cumulative cash flow (PV) of an MNO with
differet market shares in a country of 4 MNO
16 000
14 000
12 000

K€

10 000
8 000

8%

6 000

15%

4 000

25%

2 000

40%

-2 000
-4 000
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Figure 15 - Cumulative cash flow (PV) of an MNO with differet market shares in a country
of 4 MNOs
The MNO with small market share will have some difficulties deriving benefit from 5G
deployment even in dense urban area. The result seems to suggest that aggressive commercial
efforts to enlarge market share should be worthwhile.
The 5G deployment economic results’ sensibility regarding to population density is described in
Figure 16.
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Cumulative cash flow (PV) in areas of different
population densities
- relative to a MNO of 33% of market share in a country of 3
MNOs
50 000

K€

40 000
30 000

5000/KM2

20 000

10000/km2
25000/km2

10 000

100000/km2
-10 000
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Figure 16 - Cumulative cash flow (PV) in areas of different population densities
The ISD here has been set to 500 m, which is a typical value for an area with 25000 people per
square km. For a less dense populated area, a longer ISD should slightly reduce the macro
network cost. Nevertheless, it is clear that MNOs gain more benefits in denser area. Other
deployment strategies than what defined in this deliverable should be defined to make 5G more
profitable for MNOs in other types of area than dense urban.

4.3.3

mMTC service in 5G deployment

mMTC is one the characteristics of 5G.Table 26 summarizes the forecast and economic results
about this service in a 4 km2 dense urban zone of 25000 people per square km2 density equally
shared by 3 MNOs (33% of market share each).
Year
MNO 5G mMTC
subscription nbr in the
area
mMTC revenue of the
year, k€
mMTC incremental
cumulative discounted
cash flow, k€

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

0

127

674

1444

2273

4067

6012

8305

10835

13112

14447

0,0

0,6

2,7

5,1

6,8

10,2

12,0

14,9

17,3

18,4

17,3

0,0

0,6

2,8

6,6

11,3

17,6

24,4

31,8

39,9

47,7

46,8

Table 26 - mMTC in 5G
Our forecast mMTC subscription number is relatively low compared to other forecasts, and its
ARPU is expected to be also quite low as LPWA operators are currently setting the tariffs for the
lower end of the market. Our evaluation of the ARPU for mMTC also takes into account the
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trends observed from main MNOs in Europe, South Korea and in the USA. It should also be
kept in mind that mMTC is attractive for MNOs due to the reduced churn of these subscriptions
and the fact that customers pay for connectivity and not for traffic volume.
Nonetheless, mMTC takes little radio resources according to our mMTC dimensioning method,
e.g. 3.6% of 10 MHz at 700 MHz band for mMTC CP. Its incremental expenditure is in
consequence very low. As result, mMTC contribution to MNO cash flow will be positive.

4.3.4

Small cells in 5G deployment

Compared to other mobile technologies, small cells are of particular interest in 5G. The very big
traffic volume per xMBB user in dense urban information society scenario (METIS-II UC1)
results in the deployment of a large number of small cells, both outdoor and indoor. Table 27
illustrates this deployment in studied dense urban area of 4 km2. The results are given for the
scenario in which an outdoor small cell offloads the traffic in its coverage area, while an indoor
hotspot small cell offloads the traffic corresponding to its spectrum times spectrum efficiency,
and an indoor office/home small cell offloads a heavy user traffic.
Year
Nbr of outdoor SC
Nbr of indoor hotspot SC
Nbr of indoor home/office SC

2020
0
0
0

2021
0
0
0

2022
0
0
0

2023
0
0
0

2024
0
0
0

2025
0
0
0

2026
0
0
0

2027
22
2
712

2028
47
6
1986

2029
65
12
3628

2030
76
19
5359

Table 27 - Number of deployed small cells at the end of a year in a 4km2 DU area.
Figure 17 and Figure 18 represent respectively the breakdown of non-discounted CAPEX and
discounted expenditure (CAPEX + OPEX) of the network.

14%

44%

Cumulative macrocell
CAPEX
Cumulative outdoor
smallcell CAPEX
Cumulative indoor
smallcell CAPEX

41%

Figure 17 - Breakdown of cumulative non-discounted network CAPEX
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Cumulative PV of
macrocell CAPEX

24%

Cumulative PV of
outdoor smallcell
CAPEX
Cumulative PV of
indoor smallcell
CAPEX

71%

Figure 18 - Breakdown of cumulative discounted network CAPEX and OPEX
If not discounted, small cell’s cumulative CAPEX will exceed that of macro cells. Macro cell
discounted expenditure continues to overpass small cell’s as the small cell deployment starts
much later (see Table 27).
In all cases, small cell CAPEX is at least comparable to macro cell CAPEX. It will be challenging
for MNOs to benefit from 5G if the ARPU is at the same level while such large number of small
cells will be necessary to transport the xMBB traffic.
The economic analysis result is particularly sensitive to indoor home/office small cell price
because of the large number of necessary indoor home/office small cells. In our analysis, it is
assumed that a femto cell type plug and play small cell is deployed at home or in an office room.
The price of such equipment is estimated to be between 50€ and 140€ for the evaluation above.
Table 28 indicates the sensibility of such an analysis.
Year
Cash Flow, k€
Indoor home&office small cell
CAPEX from 50€ to 140€
Indoor home&office small cell
CAPEX from 250€ to 900€
Indoor home&office small cell
CAPEX from 2500€ to 7000€

2020

2021

2022

2023

2024

-1 144

-1 203

- 1 051

-929

-296

-1 144

-1 203

- 1 051

-929

-1 144

-1 203

- 1 051

-929

2025

2026

2027

2028

2029

2030

696

1 936

3 441

5 362

7 782

10 665

-296

696

1 936

3 362

5 146

7 400

10 112

-296

696

1 936

2 465

2 726

3 100

3 893

Table 28 - Indoor home/office small cell price sensibility analysis.
The importance of an economical solution to offload indoor home/office traffic has been shown
in Table 28. If an economical solution is not implemented, the benefit of an MNO‘s 5G
deployment will be impacted.
In our study, two scenarios have been made to dimensioning the outdoor small cells.
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Sc. A: Optimistic assumption: small cells are deployed in hotspots and offload a large
amount of traffic according to their available spectrum.
Sc. B: Pessimistic assumption: outdoor small cells deployment is not optimized, and they
only offload the traffic in their coverage area, calculated according to uniform traffic
distribution.

Table 29 presents the corresponding results. Scenario A is more favorable as it results in
deploying less small cells. However, Scenario B may be more realistic as it is not always easy
to localize traffic hotspots.
Year
Sc.
Nbr of sites in the area in the end of the year
Sc.
Sc.
Cumulative Present Value of outdoor small cell, k€ Sc.

2025
0
0
-

A
B
A
B

2026
0
0
-

2027
2
22
30
224

2028
6
47
79
473

2029
12
65
144
660

2030
19
76
223
789

Table 29 - Comparison of 2 outdoor small cell deployment scenarios.

4.3.5

Sensibility regarding traffic, revenue and cost

This subsection presents the sensibility of our results to forecast traffic and revenue in dense
urban area. The cash flow sensibility to traffic forecast is examined in Figure 19.

Cumulative cash flow (PV) variation of an MNO
according to user traffic volume
12 000
10 000
8 000

K€

70% of MBB traffic volume
6 000

100% of MBB traffic volume
130% of MBB traffic volume

4 000
2 000
2025

2026

2027

2028

2029

2030

Figure 19 - Cumulative cash flow (PV) variation of an MNO according to xMBB user traffic
volume.
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The cash flow decreases as a function of xMBB Average Use Per User (AUPU), because the
ARPU is supposed to be independent of the AUPU in our study. According to our assumptions
every user, independent of its traffic volume, brings actually the same revenue to MNO, with its
value going down from 238€ per year in 2021 to 220€ in 2030.
The MNO cash flow sensibility to ARPU is shown on Figure 20.

Cumulative cash flow (PV) variation of a MNO
with ARPU
16 000
14 000
12 000
10 000

K€

8 000

70% ARPU

6 000

100% ARPU

4 000

130% ARPU

2 000
-2 000
-4 000
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Figure 20 - Cumulative discounted cash flow variation of a MNO with ARPU.
The MNO cash flow is obviously very sensitive to its ARPU. For example, an MNO with 10% of
market share in a 4 MNO country (This example is not shown in Figure 20.) will never have
benefit until 2030 if ARPU decreases as much as 30% (70% ARPU).
At present, we do not have any knowledge about the massive MIMO cost. The base station
costs are based on the typical 4G base station cost without massive MIMO. A cost sensibility
analysis is conducted by supposing that the deployment of 3.5 GHz with massive MIMO cost
80k€, compared to 12k€ (see Annexe B). Figure 21 shows the impact of such an assumption.
On one side, the cumulative cash flow goes down in 2023 when the massive MIMO is
introduced in the 5G network, on the other side, the payback time is one year more. This
sensibility analysis was done with regard to massive MIMO cost, nevertheless an increase of
68k€ in macro base station cost would have the same impact on cost results.
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Cumulative cash flow (PV) of a MNO with different massive MIMO costs
12 000
10 000
8 000

K€

6 000

Assumed massive MIMO BS cost

4 000

4G BS reference cost
2 000
-

-2 000
-4 000
2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

Figure 21 – Massive MIMO cost sensibility – MNO with 33% of market share.
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Summary and outlook

This deliverable presents a quantitative techno-economic assessment for 5G RAN deployment
in the time horizon 2020-2030. It starts with a 5G market forecast including smartphones and
other connected objects, as well as vertical markets like factory of the future, energy, smart
agriculture, media and entertainment, public safety, eHealth and automotive. It then presents
estimated revenue for 5G services based on this market forecast. A dimensioning methodology
is then presented considering both xMBB and mMTC services, and for both user and control
planes. Based on an agreed deployment scenario, including spectrum bands availability for 5G,
and small cell deployment, both indoor and outdoor, a cost-benefit analysis for 5G RAN
deployment is performed in dense urban environment, showing a positive return on investment.
The dense urban area is traditionally the most profitable area of a mobile network. Since the
estimated payback time of investment in the dense urban area is longer than in the past, the
profitability of business case of other areas, especially in rural area, could be a challenge for
MNOs, dependent on 5G use cases and services to be fulfilled (e.g. URLLC). Our economic
analysis is conducted under the assumptions that the 5G xMBB ARPU is the same as that of
4G’s, it will decrease with time, and the ARPU is the same for all xMBB users. Higher xMBB
ARPU than 4G xMBB ARPU and differentiation of xMBB ARPU according to user traffic can
evidently make the 5G business case less risky for MNOs. Besides, the expected higher ARPU
of URLLC service (see Table 18), which is not included in this study, could eventually make 5G
business case more profitable.
The work presented in this deliverable is the first step towards a global techno-economic
assessment. Further possible extensions are the following:
•

To consider other geographic areas than dense urban, such as suburban and rural
areas. The methodology presented in this deliverable is quite general and applies also to
these environments. However, if the use case “Mobile Broadband Everywhere” is
considered, this dimensioning methodology has to be extended to include the target of
50 Mbps for 95% of users in location and time. A possible extension of the methodology
to consider this target is presented in Annex D.

•

To include URLLC service in addition to xMBB and mMTC. This requires detailed traffic
forecasts for URLLC use cases and a new dimensioning methodology for URLLC, taking
into account latency and reliability constraints.

•

To consider the impact of different function splits on the RAN cost.

•

To consider the impact of SDN/NFV evolution in the Cloud RAN, that will result in the
sharing of processing resources between 4G and 5G services.

It is also worth noting that the analysis of this deliverable is generic and that the actual
deployment strategies will be strongly country and operator dependent.
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Traffic for mMTC and vertical
markets analysis

This annex presents the traffic analysis for mMTC and describes the demand analysis for the
following verticals:
•

5G and the factory of the future

•

5G and energy

•

5G and agriculture, forestry and environment

•

5G and public safety applications

•

5G and the media and entertainment industry

•

5G and the eHealth industry5G, transport and logistics

We also shortly describe the potential for other transport (maritime, in-flight communications,
railways), public safety and the agriculture/forestry sector.

A.1

LPWA technologies

LPWA technologies which are currently being deployed all around the world are interesting as
they set the trend for the lower part of the machine type communications market. It should be
noted that they are all using unlicensed spectrum.
Table 30 - LPWA system characteristics (1/2)
Technology

SigFox

LoRa

Senaptic

Ingenu

Spectrum

868 MHz (EU)
915 MHz (US)
470 MHz (China)

868 MHz (EU)
915 MHz (US)
470 MHz (China)

868 MHz (EU)
915 MHz (US)
470 MHz (China)
Other unlicensed
spectrum

2.4 GHz (Random Phase
Multiple Access)

Battery
lifetime

> 10 years

> 10 years

Up to 20 years (6-7
years for parking
case)

20 years

Bitrate

100 bps

From 300 bps to 50
kbps

Uplink : 72.5 bps
Downlink: 500 bps

50 bps

Mobility

No

Yes

Yes

Yes

Two way

No (acknowledge
only)

Yes

Yes

Yes

Payload size

12 bytes

Up to 256 bytes

NA

NA
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Range

Up to 40 km in
rural area

Up to 15 km

20 km in rural area
3 km in urban area

30 mile (48 km)
RPMA access points can
cover 300 square miles

Link budget

160 dBm

160 dBm

-159 dBm

172 dB/-142dBm

Depth

++

++

++

1 mile (1.6km)

Costs

Around 8 EUR per
module
Connectivity: 2
EUR per year

Around 8 EUR per
module

NA

From $35 to $50 for a 2,4
GHz module

Table 31 - LPWA system characteristics (2/2)
Technology

Weightless SIG
Weightless-W (Ex-NEUL)

Weightless SIG
Weightless-N

Weightless SIG
Weightless-P

Spectrum

White space (700 MHz)

868MHz in Europe, 915MHz in
the US

169/433/470/780/868/915/923
MHz

Battery
lifetime

2 years

10 years

100uW power consumption in
idle state (compared to more
than 3mW for the best cellular
technologies.)

Bitrate

Very flexible (up to 16 Mbps)

100 bps

from 200bps to 100kbps

Mobility

NA

Yes

Yes

Two way

Yes

No (acknowledge only)

Yes

Payload size

NA

NA

NA

Range

Several kilometers

5 km in urban area

2 km in urban area

Link budget

+20 dB better than GPRS

ND

160 dBm

Depth

+

++

++

Costs

2 USD per module
3000 USD per antenna

-

More expensive than
Weightless-N (need for more
silicon)

A.2

5G and the Factory of the Future

The manufacturing industry is engaged in the digital transformation, with specific applications
and requirements. The fourth industrial revolution announced is to be strongly based on
interconnection of existing systems and improved communications. This makes the
manufacturing domain a potential candidate as adopter of 5G technologies.
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Market context

A diverse and complex manufacturing domain
The target of the factory of the future technologies, the manufacturing domain is large and
complex. In Europe it represents more than 2 million enterprises, 30 million employees and
generated more than €1620 billion of value added in 2012. The manufacturing domain is also
very diverse in term of type of activities, size of enterprises, and technology awareness and
readiness: from high tech manufacturing of complex products to the aerospace and automotive
sectors, process industries or handmade manufacturing of luxury items or the food processing
industry.
There are also important geographic differences across Europe in term of size, focus and
dynamism of the various industrial sectors. Overall, with the notable exception of Germany
(European leader in 18 out of 24 manufacturing domains in value added) and some eastern
countries benefiting from outsourcing, the European manufacturing industries are often
experiencing downturn.
This global context has important consequences in term of technology needs, requirement,
adoption and overall market opportunity.

Main demands of the manufacturing industry
The evolution of the manufacturing industry is driven by long term societal trends, the first and
foremost of which being the globalisation of the economy. But other societal trends such as the
society focus on environmental sustainability or growing individualism are also impacting the
development of manufacturing.
This leads to a transformation of the manufacturing domain toward more integration with
additive manufacturing, a stronger role of the customer in the production process, and a trend
toward a circular economy. The following diagrams sums up this new manufacturing model:
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Figure 22 - Evolution of the manufacturing domain (source: Road4FAME13 project)
3 main type of demand emerge from the manufacturing industry regarding the smart factory
opportunities:
•

Demand for increased flexibility in manufacturing: There are demands both for more
flexibility in the manufacturing process itself and in the supply chain integration. This
includes needs to anticipate, forecast and adapt production rapidly and the tighter
integration of the manufacturing process in the value chain require that this forecasting,
flexibility and adaptability will need to be global on the value chain.

•

Demand for cost reduction and increased efficiency: As a direct result of the global
competition, the demand for solution for reducing cost and increasing efficiency is
important. This can take many forms in the manufacturing process, such as reduction of
start-up times, and scale up of production, reduction of maintenance needs, of
integration time for new equipment or workforces needs through automation. It also
includes demand for production monitoring and decision making tools that can improve
overall efficiency.

•

Demand for better integration of human workers in the manufacturing process:
The manufacturing domain is looking for increased productivity by better integrating the
workers with the manufacturing process. This can take different form from uncaged
robots to new user interfaces based on mobile devices, contextualization of information
displays and controls, etc.

13 http://road4fame.eu/
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The Factory of the Future trend
Several trends are developing in Europe and abroad to develop new manufacturing practices
that take advantage of ICT innovations.
This goes include but goes beyond the introduction of new technologies in the production
process. The core principle is the increase of connections and integration of the different
ICT enabled component in a single networked system. The trend is foreseen as a 4th
industrial revolution that will have important and long lasting effects on society as a whole.
All the activities along the manufacturing process are concerned by the Factory of the Future
trend, with a global objective of tightening connections and integrations between them. This
ranges from design and engineering (with increased use of Virtual Reality), to new
productions techniques (such as 3D printing, or uncaged robots), assistance to human
operators (through Augmented Reality), measurements and analytics (through sensor
networks and big data), and production management and control (from CPS to full factory
automation).
Many industry and or state sponsored initiatives have emerged across Europe, at regional,
national or European level to support the development of this trend, the most notorious being
the “Industry 4.0” initiative in Germany and the Factory of the Future initiative at European level.

A.2.2

Services

5G technologies can answer to some of the needs of communication and flexibility of the
manufacturing industry in the Factory of the Future domain.

Use cases
The 5G and Factories of the Future whitepaper [5GPPP-15] identified 5 use cases families that
illustrate the different requirements of the manufacturing domain.
Table 32 - Expected impacts for use case families and scenarios
Use case Family

Use case 1:

Scenarios

Expected Impacts

Real-time closed loops
communication between machines to
increase efficiency and flexibility

Time-critical process
optimization inside
factory

3D augmented reality applications for
training and maintenance

Use case 2:

Identification/tacking of
objects/goods inside the factory

Non Time-critical infactory

Increased efficiency
Increase worker satisfaction
Increased safety/security

3D video-driven interaction between
collaborative robots and humans

Non-real-time sensor data capturing
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for process optimization

Minimized stock level

Data capturing for design, simulation
and forecasting of new products and
production processes

Increased eco-sustainability

Remote quality
inspection/diagnostics
Remote virtual back office

(emissions, vibrations, noise)
Increased product/process
quality

Identification/tracking of goods in the
end to end value chain
Reliable and secure interconnection
of premises (intra-/inter-enterprise)

Increased efficiency (cost,
time)

Exchange of data for
simulation/design purposes
Connecting goods during product
lifetime to monitor product
characteristics, sense its surrounding
context and offering new data driven
services

Increased sales (new product,
services)
Improved product/process
design

Roadmap of Factory of the Future
To be able to best address the needs of the manufacturing domain, the development of the 5G
domain will have to coordinate with the development of the Factory of the Future innovations.
We present here a roadmap of future technological development of the factory of the future
domain from the Road4FAME EU project (Development of a Strategic Research and Innovation
Roadmap for Future Architectures and Services for Manufacturing in Europe).
This roadmap provides an idea of timing of the Factory of the Future innovations as well as link
with 5G defined scenarios.
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Figure 23 - ICT innovation roadmap of the manufacturing domain
Flexible production equipment and interconnection
Solutions which enable different types of products to be manufactured using the same
production plant through plug-and-play modularity of production equipment, robot collaboration,
3D printing technologies and intra enterprise autonomous transport systems.
This type of solutions corresponds to use case family 1 and 2 and can have in some case
important requirements of latency.
Supply chain visibility and decision assistance
These solutions aim at enabling information and exchange inside the supply chain through “realtime” data collection and information exchange systems associated with decision making
technologies.
This type of solutions corresponds to use case family 4 and can have important requirements of
autonomy.
Context centric display of information to human operators
These solutions would improve existing human interfaces by providing contextual information to
human operators. They require technical solution in data collection and analysis as well as
display and user experience.
This type of solutions corresponds to use case family 1 and 3 and can have important
requirements of bandwidth.
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Product and services co-design with customers
There is increasing demand for quickly manufactured, on-demand, fully customizable products.
These solutions aim at active engagement of the customer in product / service design. They
include solutions for urban factories, such as extensive 3D printing, as well as collaborative
design and engineering solutions.
This type of solutions corresponds to use case family 4 and 5.
System integration platforms
There is a need for IT platforms enabling the integration of the various processes of a
manufacturing activity together and enabling data access and sharing through standardized
interfaces. Such solution would improve decision making, integration of various pieces of
equipment and enable additional smart factory uses cases.
This type of solutions corresponds to use case family 1, 2, and 4.
Joint cognitive decision support systems
This solution is for the development of intra company decision support systems (DSS)
combining machine and human expertise to facilitate decision making. It builds both on machine
learning and user experience (UX) technologies including virtual and augmented reality
solutions.
This type of solutions corresponds to use case family 1 and 2.
Engineering platform for design / operation continuum
One of the challenges of manufacturing flexibility will be to remove boundaries in the design /
operation continuum to enable engineering and design to be able to integrate with more
reactivity at different times in the product lifecycle. These solutions involve product and process
monitoring and exchange of data between engineering and data throughout the whole product
lifecycle.
This type of solutions corresponds to use case family 1, 2, and 5 with requirements of
bandwidth.
Big data analysis and use for quality control
Currently data is mainly produced in isolated steps for different production processes, such
solutions would transform production environment into data driven decision environment where
data from any operation can be used to aid quality decisions.
This type of solutions corresponds to use case family 2 and 4.
Customer demand data gathering and analysis
This pushes furthers the flexibility of manufacturing by integrating feedbacks of existing product
use and future desires and preferred design in the creation of new products.
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This type of solutions corresponds to use case family 5 with requirements of autonomy.
Information and Operating Technologies convergence
This long term vision is the convergence of information technology systems with operating
technologies systems into nearly fully automated factories. Such system would enable seamless
information flow from a variety of Cyber Physical Systems in global Systems of Systems
removing current information and business silos.
This type of solutions corresponds to use case family 1 and 2 with high latency requirements.

A.2.3

Requirements

Communication performance requirements
Based on the use cases presented above an evaluation of the communication requirements of
the manufacturing domain has been provided in the 5G and manufacturing whitepaper.
Table 33 - High-level needs for the five use cases
Use case families
(according to WP “5G and
Factories of the Future”
[5GPPP-15])

High Level needs for the communication
Latency

Reliability

Bandwidth

Coverage

Autonomy

UCF1

Time critical
optimization

Ultra-low

Ultra-high

Low to
High

Indoor

Less
critical

UCF2

Non-time
critical control

Less
critical

High

Low to
High

Indoor +
onsite
outdoor

Critical for
location
tracking

UCF3

Remote
control

Less
critical

High

Low to
High

Wide area

Less
critical

UCF4

Intra-/interUltra-low
enterprise
to less
communication critical

High

Low to
High

Wide area

Less
critical

UCF5

Connected
goods

Low

Low

Wire area

Critical

Less
critical

As it appear in this table, the manufacturing domain needs and potential scenarios are multiple
and complex. What we can extract from these requirements are some of the key focus and
specificities of the manufacturing domain:
•

Importance of reliability: The reliability of the communication channel for the
manufacturing domain is a question of high importance. The 5G network would here be
used to command real world processes and default in reliability could have serious
consequences in term both of security for human operators and cost of the
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manufacturing process. Predictability of the communication layer is essential for the
manufacturing domain.
•

Indoor coverage: Communications for the manufacturing domain
communication in the factory, and thus good level of indoor coverage.

require

Other requirements appear as more scenario specific:
•

Latency for automation: Automation of the production process is a key challenge of the
Factory of the Future trend and requires ultra-low latency. 5G must be able to ensure
these ultra-low latencies to be considered in automation scenarios.

•

Bandwidth for 3D: The demand for bandwidth in the manufacturing domain is linked
with the use of 3D models and video, in virtual reality or augmented reality scenarios. It
is really specific to these scenarios and on the contrary, all the other scenarios of the
factory of the future domain can work with low bandwidth without any problem.

•

Autonomy for connected goods: The requirement of autonomy relates more with the
manufactured connected goods than with the manufacturing process in itself. If we focus
on the needs of the manufacturing domain this need appear as less critical and can be
at least partially covered by advance in vibration energy harvesting.

Security and Integration
Additional specific requirements of the manufacturing domain concern more the set of the new
communication layer than its direct performance.
There is a strong demand for security in the manufacturing domain. This includes the security
of communication in the sense of authentication and authorization but should be more
understood in a demand for reliability of the infrastructure. Availability of the system is the
most important objective, followed by integrity and confidentiality.
The other important requirement of the manufacturing domain is the easy integration of the
technology in their process and environment.
This relies with the specific conditions of the manufacturing domain with which the technology
will have to comply: climatic conditions (dust, humidity, temperature, etc.), mechanical
conditions (shock, vibration, etc.), and intrinsic safety conditions (e.g. limiting the power
consumption to avoid explosions).

Potential competing technologies
The main likely competition to 5G technologies in the manufacturing domain are older wireless
technologies such as 2G, 4G or LPWA which certainly don’t answer to all the needs of the
manufacturing industry but may be adopted for specific scenarios if they are considered as good
enough and have a price advantage.
Because of the cost constraints of the manufacturing industry the development of Factory of the
Future is likely not to develop as a single unified trend but rather as a multitude of small
improvements in various use cases. There is therefore a significant risk that cheaper, older
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wireless technologies are chosen as they are considered “good enough” for individual
use cases while the deployment of more advanced use cases requiring 5G-like performances is
just further delayed.
Wired technologies should also be considered as competitors for some scenarios where the
devices will anyway have to be plugged for power (such as the automation of production
lines). If they are considered as more reliable and predictable they could have a significant
advantage over wireless technologies even at a small loss in flexibility.

A.2.4

Foreseen development

Main potential adopters
Regarding the manufacturing domain in itself, as noted earlier, the domain is complex and multiform with important variations between domains and individual practices.
The main factors to identify potential early adopters of 5G technologies are:
•

Industries with production of large numbers of products, so that automation makes
the most sense and can compensate costs.

•

Industries with high needs of flexibility, responding to uneven customer demand,
rapid changes and customization demands, such as industries facing directly the
consumer market.

•

Industries that are already technology users. Some domain of the manufacturing
domain can be quite risk adverse and not ready to invest in technology

•

Industries with lower cost sensitivity. Although the manufacturing domain is generally
very cost sensitive, some sectors have higher margins than others enabling a bit more
risk taking.

Based on this we can see the most likely candidates for smart factory technologies adoption.
The automotive and high tech industries look like strongest candidates for early adopters as
they already have high level of technology adoption and automation, and target production set
large enough for automation to provide important benefits. Other domains such as white
goods, consumer devices, and aerospace will follow with additional delays. Process
industries such as chemicals, pharmaceuticals and food and beverage face additional
complexity in the automation of processes but are also among the list of potential candidates.
On the other side, domains that still rely strongly on hand manufacturing such as textiles, luxury
and leather industries are likely to be lagging behind, except for a few luxury production use
cases.

Main Market Drivers
The main driver for the adoption of 5G in the manufacturing domain is the development of the
factory of the future trend along the various use cases we have presented above.
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The development of the trend in parallel of the development of the 5G communication layer is
an opportunity for both research and innovation initiatives to adjust their agendas and
better understand each other’s needs and opportunities.
The manufacturing demands for flexibility and reliability as well as the strong performance
demands of some of the use case is also an opportunity for the 5G layer as older wired or
wireless alternatives are unlikely to meet all the requirements of the domain.
Finally it is to be remembered that the main sources for innovation take up in the manufacturing
domain are usually:
•

Increasing competitive pressure pushing companies to optimize their core business
processes.

•

Demands imposed by large buyers down the value chain.

•

Standards and regulation (including environmental ones).

Main Market Barriers
The manufacturing domain is usually slow to take up new ICT technologies, with a 5 to 10 year
delay compared to consumer domains in term of adoption.
There is a high aversion to risk and a global cautiousness regarding ICT technologies often
considered as potential hazard in term of security with high upfront costs.
As mentioned above, most of the manufacturing industry is strongly cost constrained with
short term profitability objectives that can delay necessary investments to upgrade the
production lines. The demonstration of the benefit of technologies has to be done, with
quantifiable return on investment to convince manufacturers to modernize their tools of
productions.
The integration of new technologies in the current processes and their interoperability with
legacy technologies are also strong concerns. ICT technologies are often perceived as
unreliable and complex by manufacturers. There are significant concerns in the cost of
integration, operation and maintenance of new technologies that can hinder adoption.
Security as mentioned above is also an important concern and can be a barrier to the adoption
of new technologies. The reliability of the technologies has to be demonstrated, with
sufficient trials, proof of concept, and certification processes that can significantly delay the
large scale deployment of technologies.
Additionally there can also be additional delays due to internal company organisations and
purchase decisions process especially when dealing with large companies. These delays
have also to be taken into account as they have specific impact on the adoption of innovations
(multiple decision makers have to be convinced of the benefits).
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Specific focus: the Mining Industry

The mining industry can be seen as a specific case and a vertical domain with requirements that
are similar to the manufacturing domain. We present here an overview of the context and
specificities of this vertical application domain.

Context
The number of underground mines in Europe has significantly declined over the past years
(Strong cuts in production over the last 3 decades). Prices have continuously decreased and
now hit historical low levels. Companies find it very difficult to recalibrate as a time when they
also face a number of key challenges (falling demand and volatility of prices, mutable issues,
rising risks for physical and cyber security, necessity of innovate to survive…).
Innovation appears to be a key response to stagnation. It will be more and more feasible to
collect data from mining equipment. The move towards plugging intelligence into mining
machinery has already begun. Remote controlled machines will help reduce labour costs and
accidents in this hazardous industry. Incorporating wearables into personal clothes will also
contribute to reduce accidents while measuring miners’ vital data and improving miners medical
care.
The mining industry is a highly cyclical and long-term. In Europe, it has to prepare as soon as
possible to compete with emerging countries.

Services
The long-term technology trends will likely focus on energy efficiency, health and safety. As a
consequence, services improving safety in mines and taking into account workers’ health will be
a strong focus: remote control of heavy machinery is expected. Measurement of workers’ vital
aspects to prevent accidents or injuries will also be a strong focus.
Overall the services required by the mining industry fall into the same categories as the
requirement of the manufacturing industry:
•
•
•

Demand for increased flexibility in manufacturing
Demand for cost reduction and increased efficiency
Demand for better integration of human workers in the manufacturing process

The main use cases revolve around machine remote control, measurement of performance,
incidents detection (such as smoke or carbon monoxide emissions, dramatic temperature
changes) and workers’ health control (monitoring, alerting, actuating). The use of wearable
devices in addition to deployed sensor networks and traditional communication devices (tablets,
laptops, smartphone) is likely.
A pilot was launched in August 2015. The pilot is a joint research collaboration project involving
Swedish companies or research institutes from the ICT industry and the construction equipment
sector (Ericsson, ABB; Swedish ICT, TeliaSonera, Volvo Construction Equipment and Lulea
University of Technology). A 30 ton Volvo wheel loader will be remotely controlled as from 2016.
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Requirements
Mines’ specificities have to be considered (mines are underground, underwater or located very
far away, interferences with metal-made equipment can stop/lower the signal) to install the
network.
Machine monitoring
Reduced latency is critical for real-time machine communication requirements. The amount of
traffic exchanged is highly dependent on nature of traffic (usual: medium traffic and
periodic/traffic in case of an event: high traffic). Network availability and transmission reliability
have to be quite high.
Sensors/Wearables
The amount of traffic is low in this case (hundreds of Kbytes). Data transmission does not
require high data rates. Latency is not a critical component; it can be on a medium range. The
main issue in this case is about the high number of devices in operation.

Foreseen development
The development of the 5G adoption in the mining industry can be seen as similar as the
adoption in the manufacturing domain, with mostly similar drivers and barriers. The mining
market development has however to be considered by itself as it will impact potential adoption.
Mining production at EU level has continuously decreased over the last three decades. In EU28, production estimated at 1196 billion tons in 2000 and 881 billion tons 13 years later in 2013
(figures include the 28 EU members for the whole period). In short, production was cut by a
quarter in 13 years’ time resulting in mine closures, workers redundancies and very bad image
at continent level.
Forecasts in the mining industry are really difficult to draw. It is a long-term cyclical industry
where revenues are linked to GDP growth. Minerals and metals are indeed part of any industrial
activity. Increase in population (the 9 billion mark is expected to be reached around 2050) and
increasing living standards are strong drivers for demand growth in raw materials. Massive
growth in demand for mineral resources is thus expected. The FP7/BRGM farhorizon paper”
critical minerals for the EU economy: foresight to 2030” states that mining will represent 20% of
industrial contribution to GDP by 2020 and more later. Demand will be more important for
specific technology-friendly metals. Base metals demand will be robust as well (copper demand
is expected to grow by 250% between 2000 and 2030 for example in the FP7/BRGM farhorizon
paper” critical minerals for the EU economy: foresight to 2030”.
The challenge of anticipating and meeting demand will grow as the environment is evolving
significantly.

82

Document: METIS-II/D1.2
Version: v1.1
Date: 2017-09-30

A.3

Status: Final
Dissemination level:
Public

5G and Energy

The energy domain is transforming itself to adapt to new challenges such as renewables,
electric vehicles and decentralization. The Smart Grid trend is thus developing and gathering
important investment to integrate ICT based capabilities in the power grid. These evolutions
come in various use cases with different requirements in communication capabilities.

A.3.1

Market context

The challenges of switching to a decentralized model
The European power grid includes today 29 countries and more than 10 million kilometers of
power lines for a capacity of 3500 TWh of energy annually. Energy consumption is expected
to continue to increase and reach 4.300 TWh by 2050.
The main communication technologies used in the energy domain have up to now been wired
technology, including old fieldbus technologies and industrial Ethernet applications. These
communications have been around for 15 to 30 years but were considered until recently as
sufficient to fulfil the needs of the energy domain. However, structural evolutions in the
energy domain are now challenging this vision.
Historically controlled by state owned operators at national levels, organized as centralized
networks and controlling all aspect of the energy sector from production and transport to
distribution. The domain is now evolving toward a more decentralized and liberalized vision
with more stakeholders and new business models.
The way energy is generated is also itself evolving, switching increasingly to renewable
energy sources. Current estimates indicate that 14% of European energy comes from
renewables but this figure should increase to 50-80% by 2050. The switch to renewable is not
neutral in term of energy network as renewable sources bring decentralized energy
production, uneven production and increase the complexity of production forecast. The
development of electric vehicles is also impacting the grid, opening increased demand,
unpredictable charging behaviors but also new possibility in term of electricity storage.
These evolutions of the energy domain lead to a demand for increased communication
capabilities at all levels of the energy production, transport and distribution layers. These
foreseen evolutions are gathered under the “Smart Grid” term.

Evolutions toward a Smart Grid
As we have seen the driving force behind the development of the Smart Grid trend are:
•

The liberalization of the energy market

•

The increasing switch to renewables with unpredictable production behavior

•

The increasing unpredictable demand of consumers
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To answer those needs the Smart Grid concept proposes to integrate intelligent behaviors at all
levels of the energy grid and to allow bidirectional communication between all layers of the
network.
The concept of the smart grid is to double the energy network by a communication network
and to use this communication layer to manage both demand and production of energy.
As the grid evolves to increased decentralization and unpredictability, the challenge of
managing the grid increases too. The unpredictable production and consumption can create
emerging behaviors that can turn into systemic failures. Decision making has to take place
with incomplete information which in turn requires greater reactivity and adaptability to
ensure resilience of the system.

The Smart Grid trend
The development of Smart Grid is supported by several initiatives in Europe. According to a
study by the EC Joint Research Center, 459 projects with over 3.15 billion € of budget were
addressing the Smart Grid trend in Europe in 2014.
The projects cover a great variety of use cases from network management, to energy customer
behavior optimization, the integration of electric vehicles, and distributed energy resources in
the grid, and smart metering initiatives.
Investment in the domain is getting larger and larger over the years, with project moving from
early research and development phases to demonstration and deployment problematics. 90% of
projects have received some sort of public funding, either from national or European authorities.

A.3.2

Services

The Smart Grid concept implies new possibilities in the transport and distribution networks both
in term of technical capacities and business offering.

The Energy Value Chain
Once concentrated in centralized, national energy companies, the energy sector is evolving
under the impulse of both increased liberalization and use of renewables. Production and
storage is increasingly decentralised in the network and new roles are appearing.
Today value chain integrates actors such as: generators, transmission network operators
(TNO), distribution network operators (DNO), and consumers which can increasingly act also as
generators.
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Figure 24 - Energy sector value chain and use cases
New actors are expected to appear fulfilling specific roles in the value chain (brokers) and
providing additional services. Some of these new actors may require specific communication
capabilities for their use cases (such as home automation or smart vehicles use cases).
In term of communication network needs, it is however the traditional owners of the
transmission and distribution/access network that will be the main potential users of 5G
technologies by their ability to deploy on a large scale.

Use cases of the Smart Grid
Smart Metering
The Smart Grid concept relies in part on the deployment of new metering technologies that
enable a remote, real time, measurement. To enable precise monitoring, this requires the
integration of communication capabilities to all meters in the distribution network. Wireless
technologies, including 5G are thus good candidate for this use case.
The smart meters will eventually have to handle not only real time monitoring of consumption,
but also to work for endpoints of the network that have production capabilities (through
renewables) and storage capabilities (through batteries and electric vehicles).
Profiling / prediction
The data gathered through monitoring can be useful to establish profiles of consumers and
producers, and thus create predictions of future behaviors. This can help shape the grid and
better adapt to the demand.
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The prediction of production and consumption also has to integrate additional sources of
information such as weather record and forecasts and other events that may shape the
behaviors of consumers.
Control of network
The information gathered through the analysis of metering data can in turn be used to adapt the
behavior of the grid in order to optimize the matching between demand and production.
This includes near real-time reconfiguration of the topology of the network to adapt to demand,
but also increased security with predictive maintenance, rapid fault detection and isolation, and
self-healing behaviors (adaptation of topology and production).
New services and New Business Models
The smart grid paradigm enables new possibilities of services and revenue models.
Market like mechanisms can be used to adapt the demand to the production in real time. Price
can be controlled in a decentralized, iterative mechanism to adjust demand to production in
specific domains (such as the charging of electric vehicles or the consumption of specific
appliances).
New services can be based on the increased knowledge obtained through monitoring. Either by
exploiting directly the data to provide the customer with insight and new services or indirectly by
reselling the accurate information gathered on the customer behavior.
New revenues model can be found based on variation of the quality of supply or on alternate
pricing mechanisms. The decentralization and rapid control of the network could also enable
high frequency energy trading opening a new market.

Ownership of network infrastructures
Energy producers and utilities are often used to own and operate their own communication
networks. The communication network is seen as a critical part of the infrastructure and the
quality of service they require often push them to choose self-owned solutions. They are also
used to important upfront investment, so the additional investment cost of deploying a
communication network is for them something that can be worked with.
However for communications between plants, and moreover for the distribution network a mix of
ownership and commercial network is used by utilities. The use of commercial networks is
preferred when service and quality guarantees can be met.

A.3.3

Requirements

Power networks have high requirements in term of communication; they often require ultra-low
latencies and ultra-high reliability to be able to avoid equipment failure and damages on the
power grid.
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Communication performance requirements
The communication performance of the energy sector vary significantly accross the power
network layers. Production stations and network as well as the backbone network work with
high and extra high voltage and require ultra high communication performances. In these cases,
the required performance and stability often limit communication network to wired solutions.
However distribution and access networks require performances that can be met by wireless
technologies.
The following table presents the requirements across the different layers of the power networks.
Table 34 - Network requirements – energy sector
Network
Requirements
Coverage Zone
Bandwidth
E2E Latency
(guaranteed upper
bound)
Packet Loss

Availability

Grid Access

Grid Backhaul

Grid Backbone

<10km
1 kbps per residential
user
<1s

<100km
Several Mbps
<50ms

<1000km
In the range of Mbps
to Gbps
<5ms

No specific
requirement as long
as latency is
maintained
>99% (eq. 9h / year)

<10-6

<10-9

>99.999% (eq. 5min /
year)
Seamless failover
required: no loss of
information and within
small number of
millisecond
convergence.
Mandatory

Failure
Convergence Time

<1s

>99.99% (eq. 50min /
year)
<1s

Handling of Crisis
Situations (surviving
power down-times on
a large scale and
assuring black start
capabilities)

Not Required

Mandatory

Security and robustness
The power grid is a critical infrastructure and there is a strong requirement of security and
robustness of the communication infrastructure in the energy domain.
In the energy sector, the communication network is used to control critical power infrastructure
and devices and to manage the power network in case of localized equipment failure. The
consequences of potential issues, delays or mistake can be tremendous. There is a strong risk
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of spreading overvoltage across the network following short-circuits, spreading damages across
the network and increasing the time and cost of recovery.
Thus the requirements of communication networks in the energy domain are for high security,
robustness and reliability. They are usually formulated not for average performance, but rather
for minimum and maximum performances in worst case scenarios.
A strong attention is given to quality of service and to service agreements with means to
validate the performance of the communication network.
The communication network also has to be able to function in degraded conditions, to face
power outage and cascading failure, which can involve important investment in technological
redundancy in deployments.

Lifespan and standardization
The energy industry also has important requirements in terms of lifespan. Indeed, to ensure the
security and robustness of the grid, the industry has to plan and manage the grid capacity with a
long term vision. The standard lifespan for equipment in the industry is considered to be around
20 to 30 years.
There is also a strong preference for well proven solutions based as much as possible on
standards. Standards are considered an important guarantee to ensure the long term
maintenance of equipment and to avoid vendor lock-ins.
Adoption of new technologies also usually takes longer time than in other industry as detailed
tests and certification of performance are considered important to validate new technologies.
Cost constraints can also push to increase the lifespan of technologies when they are
considered as “good enough” to fulfil security requirements. Stable and robust technologies are
thus preferred by the energy sector.

Pricing
Overall the cost of generating energy is rising due to increasing demand, resource scarcity and
tighter environmental regulations (for non-renewable sources) and often requires important
upfront investment. The energy sector is thus quite sensitive to cost, especially to the total cost
of ownership as long term planning is generally taken into account.
The following prices give a vision of what is considered as accepted pricing levels for
communication devices in the energy domain. Keeping in mind that trade-off can exist between
capability and requirements and that some modules are hybrids.
•

Power line communication (PLC) module = 3 EUR

•

Prices varies a lot: between 2 and 17 EUR (2 EUR for GPRS)
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Foreseen development

Main market drivers
Several factors can act as driver for the adoption of 5G technologies in the energy sector.
The Smart Grid trend
First the Smart Grid trend is a strong opportunity. The trend is impulsed by a combination of
strong forces: liberalization of the energy market, development of distributed, renewable energy
resources, and increasing deployment of electric vehicles. It will lead to significant investment
(over 400 billion $ in 2020) in power networks and equipment and opens opportunity of
rethinking the relation between power networks and communication networks. The development
of new business models on the energy market can also contribute to the support of
communication technology demands.

Figure 25 - Smart Grid investment forecast 2013 – 2020 (source: GTM Research)
The limits of wired technologies
The use of 5G in the energy domain can also be supported by the drawbacks and limits of
wired technologies (the most used solution for now). Wires are not entirely fault proof, they
can be cut off and connectors suffer from oxidation. The deployment of cable based solution is
also time consuming and costly due to long set up times (connecting correct cables to ports,
testing for errors…).
The smart meter market
The requirements and constraints of the access network are more easily met by wireless
technologies and thus the deployment of Smart Meters is the Smart Grid use case that can
provide demand for wireless communication technologies (including 5G) the sooner. The
deployment of smart meters represents a large market that will unfold in the coming years.
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Figure 26 - Smart meter penetration, by application, world, 2013-2025
Although a part of the market will certainly be addressed by other wireless alternatives (2G,
LTE, LPWA), 5G like performance should be required for more advanced use cases (including
additional services through the meter, and adaptation to prosumer and electric vehicles use
cases).

Main market barriers
There are however important barriers that can come into play in the adoption of 5G technologies
in the energy sector.
Cost constraint
The energy industry is increasingly sensitive to costs and the increasing liberalization (and thus
competition between actors) will further increase this sensitivity.
This can especially impact the smart meter use case, which represents a volume market for
which cost will be an important decision factor. There is a significant risk that older technology
alternative (2G, LTE, LPWA) could be chosen over 5G if they fit some of the requirements for
the early generations of smart meters at a lower cost. The adoption of 5G would thus be
significantly delayed as the energy sector is used to long equipment lifespan.
Critical infrastructure requirements
Another obstacle that can delay the adoption of 5G in the energy sector is the high level of
requirements of the energy industry.
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The technical requirements of backbone network or even of the backhaul network are high,
especially considering they are not average value but worse case scenarios requirements. It is
unlikely they can be answered by 5G technologies in the short term.
The strong test, validation and certification process of the energy industry can further delay
adoption of new technologies until there performance can be well proven in other use cases
(making the energy domain a follower rather than early adopter).
The cautious mentality, preferring status quo or known technologies, and long decision making
process in the energy industry will also likely delay adoption of new technologies in the power
network.

Vision of 5G adoption in the energy domain
The adoption of 5G in the energy sector is likely to be, at least at first, concentrated on smart
meter use cases and some distribution / access network problematics. With a relatively slow
adoption and delay compared to the consumer market because of the cost sensitivity of the
market and the important security requirement of critical infrastructures.
There are also risks that older wireless technologies or proprietary solutions (self-owned
networks) could be preferred by energy utilities. The question of quality of service guarantee,
cost and the possibility to promote new services over 5G will be essential in the adoption of the
technology. The ability to offer energy equipment the ability to adapt to future network with
strongly decentralized energy production (high level of renewables) and important use of electric
vehicles should be the main arguments in the adoption of 5G in the energy sector.

A.4

5G and Agriculture, Forestry and Environment

A.4.1

Market context

Europe and also the growing world population are demanding large amounts of products taken
from nature, such as food, feed and other bio-based products, and large amounts of bio-energy
— all delivered by agriculture, forestry and fishing. However, natural resources are limited and,
thus, they have to be used in an optimal and renewable way, i.e. with minimal environmental
impacts such as resource demands, greenhouse gas emissions and waste. It is also important
to ensure security and safety of food and feed throughout the whole food chain.
Agriculture faces major challenges: in 50 years, the world population that will increase
significantly will require 100% more food to be produced with less water, less pesticides and
less extensive means. The additional food has to come majorly from efficiency-improving
technology. The technology evolution in agriculture underwent two major steps in the recent
past: in the early 2000’s technology helped reach accuracy in agriculture with guidance
systems. As from 2006, it was the time of precision farming (precision irrigation, section control
and mapping for example). From 2012 onwards, the time of coordinated telematics enabled
agriculture has begun.
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The forest industry is addressing todays and future major socioeconomic and environmental
challenges: poverty alleviation, food security, renewable energy, climate change and
biodiversity conservation.

A.4.2

Agriculture

It is forecasted that the Agriculture IoT in 2050 will significantly increase production and
be able to feed more than 9 billion of people by the year 2050 (iotworms).
Demand for agri-food products is undoubtedly closely linked to population increase. At a time
when the world population will reach 9 billion people very soon, market potentials for agriculture
are bright in volume. In value however, commodity prices are really volatile. Lower prices led to
reduced farmers’ income in Europe, consolidation and smaller holdings disappearance.
For the years to come, flat production is expected to continue in Western European countries
and reinforce the downward trend in value that will not be offset by production surplus in some
Eastern European countries.
In Europe, the number of agricultural holdings has decreased significantly in the last years.
There were 13.7 million agricultural holdings in 2007 in EU-27 (14.5 m in 2005 and 15.0 in
2003). However, very small holdings (<5ha) still account for the vast majority of holdings (9.6
million in 2007, 10.3 in 2005 and 11.0 in 2003).
The increased concentration of agricultural holding and reduction in commodity price are
pushing toward increased meccanization and automation of the agricultural industry to sustain
profitability through volume rather than value. Agricultural machines are used in various
activities (sowing, reaping, fertilizing). Tractors, haying and harvesting machines are the key
agri-machineries. The agri-machinery market decreased in 2015 and machine sales dropped
steadily (5-10%) according to CEMA in a 2015 economic press release. But this downward
trend follows two years of sales boom from 2011 to 2013. Long-term trends show steady growth
of machine volumes and prices should go up with innovative capabilities embarked.

A.4.3

Forestry

In the forestry market, long-term outlook show steady growth in wood production excluding
cyclical downward trends illustrated below:
•
•

425.4 million m3 of round wood produced in EU-28 in 2014 (434.3 m in 2013, 433.2 in
2012, 433.7 in 2011, 427.6 in 2010, 384.1 in 2009, 415.1 in 2008, 458.3 in 2007)
99.2 million m3 of sawn wood produced in EU-28 in 2014 (99.7 in 2013, 100.1 in 2012,
202.0 in 2011, 100.8 in 2010, 91.7 in 2009, 100.0 in 2008; 116.2 in 2007, 112.8 in 2006,
108.7 in 2005, 106.4 in 2004, 102.7 in 2003)

Based on 2010 figures at the latest, the European Forest Sector Outlook Study II sees a more
dramatic production increase where 143 million m3 of sawn wood produced is forecasted in
2030 and 137 million m3 in 2020.
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Services

New services are well described by CEMA (www.cema-agri.org), the European Agricultural
Machinery Association, in agriculture in a number of press releases. They highlight digitalisation
of farming, precision farming issues, technologies and concepts (http://www.cemaagri.org/page/precision-farming-key-technologies-concepts). Principles are similar in the forest
industry. All these services help/improve farm or forest management and provide adequate and
customised services including:
•
•
•
•
•

•
•
•
•
•

Precise planting
Remote management of rural forests (selection of trees to be cut, visualization of space
to be covered or space where trees are damaged/infested/are dying…)
Remote control of operating machines/autonomous vehicles
Remote fire detection
Monitoring of farming conditions through various sensors (soil moisture, soil humidity
control, amount of sugar in grapes, amount of required pesticides, controlled
irrigation….)
Crop quality enhancing (monitoring of soil moisture and trunk diameter in vineyards,
remote control of the amount of sugar in grapes…)
Control micro-climate conditions to maximize production of fruits and vegetables
Study of weather conditions and prevent crop from extreme weather conditions
Animal tracking
Meteorological conditions metering

A number of these new services already exist:
•
•
•
•

A.4.5

365FarmNet is a SaaS (Software as a Service) which enables farmers to manage their
entire agricultural holding with a single software.
DairyMaster is a heat detection system to allow farmers to monitor their herds remotely
to assess health, and fertility issues of cows.
SmartVineyard is a precision viticulture technology for grape disease monitoring.
SmartVineyard helps optimizing pesticide output by providing accurate data on diseases.
FoodLoop retailer platform ties grocer inventory system to consumer-facing mobile apps
to provide real-time deals and personalized offers based on consumers' interests,
purchase history, and location.

Requirements

The requirements of the farming and forestry domains are linked with the specific use cases of
the domain and with the more general requirements of the domain in term of robustness and
outdoor use.
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Communication requirements
The communications needs of the agriculture and forestry industry can be summarized around 3
uses cases (that somewhat resemble some of the requirements of the manufacturing domain):
•

•

•

Automation: Automation of farming equipment and machinery through remote control
and automated behaviors. This includes equipment such as autonomous, driverless
tractors, the use of drone in agriculture, automatic/robotic milking machines, and other
automation scenarios.
Monitoring: Remote monitoring of the evolution of farm / forest measurable constants.
This includes crop monitoring, animal tracking, environment monitoring, remote fire
detection, etc.
Assistance to operators: Assistance to human operators in the farm / forest through
human machine interfaces, decision help systems, remote maintenance support,
training, etc. including the use of augmented and virtual reality equipment.
Table 35 - Communication requirements - Agriculture

Automation

Latency
Low to UltraLow

Reliability
Critical

Bandwidth
Mostly Low

Monitoring

Less critical

High

Low

Assistance
to human
operators

Low

High

High

Coverage
Outdoor
(including
wide area) +
some indoor
Outdoor +
Indoor
Outdoor

Autonomy
Less critical

Critical
Less critical

Coverage and robustness requirements
The farming and agro-forestry domain has specific requirements linked with the environment in
which the use cases deploy: rural, outdoors areas.
This requires robustness of the devices with an ability to function in adverse conditions
(temperature, water, dust, etc.). The rapid development of the microelectronic industry is still for
a good part driven by the consumer electronics domain which doesn’t face the same kind of
constraints. This can lead to the need of improvements in the industrial process of microelectronic component themselves but can be seen also as a delay for the maturity of large scale
operational deployments.
In addition network coverage (both fixed and mobile) of rural areas has been historically lagging
behind the coverage of urban areas. This is mostly simply linked with the number of potential
subscribers (and thus potential revenues) being lower in rural areas. The agriculture industry
face important cost constraint and cannot, by itself cover the deployment of ad-hoc network, it
will thus usually prefer solutions that can be supported by existing network or wide area
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networks. This can be seen as an opportunity for some 5G solutions that can deliver fixed
service instead of using costly fiber deployments.

A.4.6

Main drivers for 5G adoption

An increasingly industrial domain with demands for automation
The agricultural and forestry domain is getting more and more industrial, with fewer but larger
exploitations. A very competitive market with highly volatile prices driven by both speculation
and an aggressive distribution sector put increased pressure on the profitability of exploitations
and tends to favor larger players, smaller actors being only able to subsist thanks to
governments support (such as the common agricultural policy subsidies) or through
differentiation in quality (with the use of origin and quality labeling).
The push toward larger exploitation can benefit 5G adoption as gains from automation will be
larger in larger exploitations, and as these actors may have easier access to finance.

Consumer demand for environmentally friendly practice can also support 5G
adoption
On the other side, as consumer demand grow for food and product that can be sourced, and for
lower use of chemicals in the agricultural process, 5G can also benefit from this trend by
providing a communication network for environment monitoring solutions.
The ability to precisely monitor the quality of soils and the growth of crops combined with the
ability to process and analyze the data gathered (through cloud computing) is expected to
enable the development of a more efficient and less chemical intensive agriculture
The ability to source and localize the origin and destination of every product, offered both to
producers and consumers should enable the development of a more local food economy, but
also to better match demand and production and to support the implementation of sustainable
fisheries (through more efficient monitoring of quotas).
These societal demands can be expected to push for adoption of monitoring solutions and will
require a reliable communication network to support their deployments.

A.4.7

Main barriers to 5G adoption

Slow rate of adoption of innovations
The rate of adoption of new technologies and modernization of existing installations is quite low
in the agricultural and forestry domain. The industry is used to long buy cycles and to long
lifespan of equipment.
The adoption of 5G technology in the agricultural domain would have to take these market
constraints into account and to work closely with existing distributors to assess the best way to
penetrate the market.
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The potential disruption brought to the ecosystem (if 5G technologies actually enable reduction
of chemical uses through automation and tighter monitoring) would also have to be taken into
account, as incumbent with a strong take on the market (chemical companies) may be worried
by potential disruption.

Investment capacity
Investment capacity can also be a significant issue for the adoption of 5G technology. The
adoption of 5G technology will not come by itself but as part of a global effort of automatization,
monitoring or worker assistance technology deployment. These deployments will require
important investment (largely exceeding the cost of the communication technology by itself).
The investment capacity of agricultural and forestry actors is often very limited and strongly
linked with bank support and government subsidies. The global economic trend, as well as local
agricultural policies and regulation will thus have a strong impact on the potential adoption of 5G
technologies in the domain.

A.4.8

Vision of 5G adoption in the agriculture and forestry
domains

The potential of 5G technologies in the agricultural domain is real. The 5G capacity to bring
coverage and quality network to rural areas will enable new scenarios in the agricultural domain.
There is a demand for these new applications and globally the high benefits expected by smart
technologies for precise farming (but needs and benefits depend on farm size) lead to a
relatively high willingness to invest even though the actual capacity of actors is often limited.
However, the market size, dynamic and attitude will lead the agriculture and forestry vertical to
be more a follower than a driver of 5G deployment. The domain will bring additional deployment
opportunities to 5G technologies, further expanding the market, but rather as mid-term / longterm scope.

A.5

5G and Public Safety Applications

A.5.1

Market context

Public safety is a top-priority subject for governments. Radio solutions are an essential element
in public safety operations. The public safety services, including fire brigades, police forces,
ambulance services and maritime and coastguard services, are the primary protector of both
public and private property in cities, towns and beyond, throughout the world. These
organisations provide an individual and professional response to incidents and disaster
situations.
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The public safety market is undoubtedly not a huge market. But its specificities alongside with
current trends and the increasing number of provoked or non-provoked catastrophes in Europe
gives a precise idea of its high potential.
In ECC Rep. 102, the number of Public Protection and Disaster Relief (PPDR) workers is
estimated at approx. 2 million in 2013. A 2015 TETRAPOL factsheet issued by the Switzerland
telecom authority (Swiss National Regulatory Authority (NRA) chose TETRAPOL as the public
safety technology) draws an estimate at 5 million users (from the conservative estimate of 22
million users in 2010 in the world). This paper also gives a 10 million estimate for the number of
potential users in Europe.
A growth rate of 5%-6% per year is being forecast from various sides. This growth is expected
because market penetration of PMR (Private Mobile Radio) systems in Europe amounts to only
2%.
In addition, approximately 65% of the PMR systems are still currently based on outmoded
analogue technology, which will eventually be replaced by more modern digital systems.
Current narrowband or wideband PPDR systems are expected to operate at least until
2025/2030.

A.5.2

Services

Major services for public safety are:
•
•

•
•

•
•

A.5.3

Proximity based services are the identification of mobile phones in physical proximity
and the possibility to pass optimized communications between them.
Direct Mode Operation is an important means of communicating voice and narrowband
data.
PPDR organizations may also have requirements for broadband airborne applications as
used in the terrestrial PPDR. There are called Air-Ground-Air communications services.
PPDR users frequently need to communicate in dynamic groups that might involve both
mobile users on the scene and fixed users (“dispatchers”) working in a remote control
center. Often these groups operate in a Push-To-Talk mode.
Preferential treatment for access is also a service that is critical for public safety.
Network resilience is also vital for critical communications systems to support continuous
mission critical network operations regardless of the existence of the backhaul link.

Requirements

The current PPDR applications are mostly narrow-band supporting voice and low data-rate
applications, typically in channel bandwidths of 25 kHz or less. Current LTE is not suitable for
public safety. There is now a clear global consensus that LTE will be the baseline technology
for next generation broadband public safety networks but with major improvements underway
with LTE-A.
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Security is critical for PPDR. A set of features that guarantees a high level of security is highly
needed, including subscriber authentication, user privacy and communication/network security.
End-to-end latency should be less than 10 ms. Availability and reliability should be very high
anytime and at any place. Users are supposed to be static and moving humans but D2D
functions are highly required. Throughputs in case of video usage have to be high both DL (>75
Mbps) and UL (around 20 Mbps).
The model of narrowband public safety networks combined with a Mobile Virtual Network
Operator model is currently operating. Commercial LTE using commercial spectrum with
specific requirements is also already alive. The use of a dedicated broadband public safety
network – when it becomes viable – would appear to be the most suitable option to meet high
broadband public safety requirements but it does raise the questions of spectrum and of high
upfront investment.

A.5.4

Main market drivers

The demand for public safety service and equipment is likely to stay sustained in the coming
years. The market is relatively small but of high priority for governments.
There is a demand for new use cases requiring a dependable communication network. This
includes demand for video link and file transfer requiring high bandwidth as well as critical
machine type communication with low latency.
The current infrastructure is outdated and there is a clear understanding that new deployments
are required. The 5G potential capabilities match well the potential demand of both uMTC and
xMBB services. The need for flexibility in networks and rapid adjustment between standard
situations and degraded context can also be seen as an opportunity for 5G technologies.
It is thus likely that the public safety market can be of interest for 5G.

A.5.5

Main market barriers

The main barrier to 5G adoption in the public safety market is the limited investment capacity of
public actors in Europe. Although the need for a new communication infrastructure is clear the
investment cost can deter many actors from adoption.
Alternate consideration such as spectrum regulation, and the guarantee of quality of service in
critical, degraded conditions can also delay the adoption as time may be needed to certify new
technologies capabilities for critical services.

A.5.6

Vision of 5G adoption in the public safety domain

The public safety market is small and cannot by itself be a strong driver for global 5G adoption,
but it can represent none the less a significant revenue opportunity once efficient business
models have been found.
A hybrid model mixing the use of commercial networks for bandwidth intensive public safety use
cases and ad-hoc networks for mission critical disaster relief use cases can be seen as a
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promising solution to address the market. Given the low investment ability of public authorities a
XaaS business model might be considered.

A.6

5G and the Media and Entertainment industry

A.6.1

Market context

Audiovisual content and services have been amongst the key drivers of the take-up of fast and
superfast broadband and of the adoption of new consumer technologies. They could play a
similar role in the adoption of 5G. The demand for audiovisual content and services has never
been greater.

A.6.2

Market vision

IDATE predicts that the global content market will annually grow by 4-5% over 2016-2025. This
growth masks shift from physical to dematerialized content and bets on the volume opportunity
to deliver content while physical consumption remains stable. Indeed, dematerialization usually
pushes content unit price decrease.
Apart from content market steady growth, estimates from Cisco VNI emphasise the urgent need
for stable and reliable networks for video exchanges. Video is a major component of mobile
data traffic. Mobile video traffic in Europe will experience a very strong growth by 2020
according to Cisco VNI forecasts released in February 2016. Global European CAGR from 2015
to 2020 stands above 50%. Mobile video traffic will then be multiplied by 8 from 2015 to 2020.
•

•

In Western Europe, mobile video traffic will reach 2.1 Ebytes per month by 2020 up from
246.4 PBytes per month in 2015. Video will be 76% of Western Europe mobile data
traffic by 2020, compared to 57% at the end of 2015. Mobile video is forecasted to grow
at an unprecedented rate in Western Europe by 2020 (54% CAGR). As a consequence,
mobile video traffic is expected to be 8.7-fold from 2015 to 2020.
In Central and Eastern Europe, growth is forecasted to be as strong as in Western
Europe. Mobile data traffic is expected to grow 8-fold from 2015 to 2020, or at a CAGR
of 52%.

Over the top video is set to grow fast in the coming years due to improvements in technologies,
bandwidth, service innovation and the increasing personalization of video consumption.

A.6.3

Players

Many different types of players are involved in the media and entertainment field including:
•
•
•

Content producers develop material that can be pushed across any distribution channel
Broadcasters push the content to consumers (including aggregators…)
Specialized European associations: European Broadcasting Union
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Distributors including mobile players: Deutsche Telekom, Telecom Italia, Orange,
Telenor
Equipment manufacturers: Intel, Ericsson, Nokia, Samsung

Services

An extension of current use cases
The media and entertainment services enabled by 5G are mainly an evolution of existing media
and entertainment use cases:
•
•

•

Audio/Video media consumption, with demand increasing for higher and higher
definition images (HD, 4K, etc…)
Interactive media such as Video games (and similar applications such as Augmented
Reality and Virtual Reality), with a demand for high interactivity (low latency) and
increasingly high data consumption.
Video media upload: with an increasing demand for live video streaming requiring
higher uplink throughputs.

The adoption of these use case will continue to increase steadily, reaching a larger and larger
share of the global population. This will result in the requirement of a network able to sustain a
larger and larger number of users with intensive use of bandwidth.

Evolutions in consumption habits
The extension of the current services will also see evolutions regarding the type of device and
the behavior (mobility) of end users.

Increased Mobility
From a business perspective, broadcast and unicast distribution of video content will have to be
widely supported. The distribution of video will rely on the complementarity of various existing
networks (wired, wireless, unicast, broadcast …). Mobility will be an important feature, as video
consumption is getting more and more personal but very small latency will be a requirement
only for selected use cases (online gaming, virtual reality).
The demand for mobile access to media and entertainment is also reflected by specific services
and use cases from other vertical industries such as Automotive and Transport (see the related
sections).

Device independence
The growing penetration of connected devices, including mobile devices, and the simultaneous
appearance of fixed and mobile unlimited access plans in most developed markets, have
contributed significantly to a shift towards ATAWADAC (Any Time Any Where Any Device Any
Content) consumption of digital content. It is no longer necessary to have a special device to
listen to an album and another one to watch a film. The vast majority of connectable devices are
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multimedia capable. Additionally, the development of the anytime, anywhere, any device, any
content experiences supposes the ability to hop seamlessly from one device to another.

A.6.5

Requirements

The specific requirements of the media and entertainment industry for 5G can be summarized
as below:

Communication performance requirements
The requirements for communication performance for the media and entertainment services are
an extension of the current abilities of the mobile network (LTE) to reach into extreme mobile
broadband (xMBB).

High throughputs
Audiovisual media services tend to generate a very large amount of data traffic and the main
demand will be for an increase in bandwidth. Since video will remain the main source of data
traffic in the future and because of increased resolution and quality of video flaw, 5G network
will have to support higher throughputs both for upload and download and a higher density of
users at the same time.

Predictable and guaranteed quality of service
Video and entertainment consumption requires a continuous quality of service served to all
viewers, independent from their number. The demand for quality of service will continue to
increase and extend to include very small latencies, seamless switch between different network
technologies, and low error rates.
Media and entertainment requires low error rates for video and audio as well as low latency for
gaming and VR/AR applications. Seamless and switch between sources (including unicast,
multicast and broadcast) will also be required to match the user behavior of mobile consumption
and multi-device consumption.

End-to-end connection and large service coverage
Media services require end-to-end connections across the whole coverage area and eventually
optimized for the delivery of content to very large audiences.

Anytime, anywhere, any Device
The evolution of the usage habit toward mobile and multi-device media consumption also bring
additional functional and nonfunctional requirements:
The vertical will be driven by ATAWADAC content delivery on mobile networks. Fixed and
mobile devices (tablets, TVs, smartphones and any connected devices) enabling usage of
multiple devices, independently from the user’s location or movements, with the best
connectivity, even during peak hours without signs of congestion, reduced throughputs and
higher latency.
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Independent from the user’s location or movements
Content enabling usage of multiple devices has to be delivered on mobile networks
independently from the user’s location or movements, with the best connectivity, even during
peak hours without signs of congestion, reduced throughputs and higher latency.

High number of viewers/Low cost of media services distribution
On broadcast platforms costs of distribution of media services are irrespective of the number of
users. In the internet world, costs are based on the number of viewers.

A.6.6

Foreseen development

Main market drivers
Several factors are playing in favor of an adoption of 5G to match the demand for media and
entertainment.
As mentioned above the trend toward ATAWADAC is increasing and the consumer market will
move toward a greater number of devices and increase habits of mobile usage. The demand is
also evolving toward higher definition content and increased interactivity. This demand can play
a significant role in the adoption of 5G xMBB solutions as it requires additional bandwidth.
The demand will also grow in number of users and network coverage will be important as use
cases now limited to millennials in urban areas will widen to a larger share of the population.
The increased demand for coverage and the diversity of use case can be seen as a significant
driver for 5G adoption.
Finally, the media and entertainment market is by nature a consumer market where demand for
new services can be driven by marketing efforts more easily than other B2B verticals that will
require a proof of ROI before investing in new technologies.

Main market barriers
One potential barrier to the adoption of 5G for media and entertainment use cases is the price
sensitivity of the market which will be tied to the global economic context. A slow economic
growth context could somewhat delay and limit adoption.
Potential technological competitor for 5G on providing high bandwidth media and entertainment
services could be legacy technologies such as wifi and 4G that could retain consumer use
without any upgrade in a price sensitive market. The switch of end user to newer devices
capable of harnessing the full 5G possibilities will be dependent on cost.

Vision of 5G Adoption
Media and entertainment consumption will be one of the main demands of consumer requiring
extreme mobile broadband capabilities. It is likely to be one of the main drivers of 5G XMBB
solutions adoption and deployment as long as it is supported by sufficient marketing effort and
doesn’t face a global economic downturn.
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The media and entertainment demand has however to be seen as impacting other verticals,
especially automotive and transport, for both of which one of the potential use case is media
consumption in mobility scenarios.

A.7

5G and the eHealth Industry

A.7.1

Market context

Challenges facing the health sector
Health sector has been confronted with severe social-challenges for years. To begin with, the
current average spending in healthcare accounts for 9-10% of national Gross Domestic
Products (GDP) in Europe, and the share seems to continue to grow further over the next
decades.
Meanwhile, aging becomes a common concern for a majority of nations. According to WTO, by
2025 more than 20% of Europeans will be 65 or over, with a particularly rapid increase in
numbers of over 80s. In addition, 300 million people in the North America and Europe with at
least one chronic disease, which made up 80% of healthcare spending in 2010.
Further, the healthcare resources are still short of general demand and unevenly distributed
across regions and countries. 14% of European population lives in remote rural regions where
there are more aging population and weaker health infrastructure. A recent Eurostat report
implies that in 2015, in Europe, the number of hospital beds per 1000 inhabitants is 5.3, and the
number of practicing physicians per 1000 inhabitant is only 3.4.
Under such pressure, the healthcare system is undergoing a fundamental transformation.
Healthcare is being shifted from the hospital based, specialist driven and centralized model
towards a patient centred and distributed model.

Trends identified to respond the industrial challenges
There are several trends in play in the health industry, in terms of care delivery models and new
objectives of health care:
Decentralization
The idea is to bring care closer to the user with the point of care scattering to the periphery. This
is particularly true for chronic diseases where home care may enable to make considerable
savings in terms of hospital beds and reduction in readmission rates, and reserve the critical
resources for the most critical conditions. There are serious efforts on the way to enable the
remote monitoring and treatment of chronic diseases such as COPD and diabetes, allowing
self-management outside of conventional clinical settings with the intervention of informal homecare teams, thereby reducing the amount of clinic visits and hospital admissions.
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Independent and active ageing
As a significant component of silver economy, the objective is to allow autonomous living and
taking action before the diseases attack. In addition to health or diseases condition monitoring, it
also encompasses the living condition monitoring and timely alert. Such applications might
include a specific vital sign tracking, such as blood glucose or heart ECG or a variety of
indicators for homebound patients. Senior users can also receive reminders to take their drugs,
follow up the evolvement of health conditions, and get their families or doctors alerted in case of
falling down, abnormal or worsening conditions.
Personalised and preventive care
Precision/ Personalized Medicine is aiming at the collection of a variety of personal data leading
to an individual pharmaceutical approach, rather than applying estimated dosages derived from
statistical analysis of large groups or populations. Personalized medicine may accelerate a new
era of medicine that delivers the right treatment at the right time to the right person, taking into
account individuals’ health history, genes, environments, and lifestyles. It demonstrate a new
model of patient-enabled research, leveraging industry-led progress to give access to EHRs and
other health data through application programming interfaces (APIs), and breaking down the
research data silos that slow scientific progress. While some advances in precision medicine
have been made, the practice is not currently in use for most diseases.
As attention is being shifted to the root causes – genes, environment, lifestyle and wellness.
Preventive care is built on the intersection of biological technologies, genetics, sensors, data
science and much more other new knowledge. The approach is to reduce or delay the currency
of diseases, and eliminate complications or recurrence of diseases. The prevention task should
be addressed to save investments and to improve the effective of the treatments.

A.7.2

Services

With the vibrant growth of IoT in the healthcare sector, the industry along with healthcare
providers, authorities and standardization bodies, has put much emphasis on the connected
health, where an amount of promise has been placed to address the challenges. The most
often cited issues within connected health include: telemedicine and remote patient monitoring,
mobile access to care services, connected medical or fitness devices, robotics, assisted living
and prevention.
Beyond connected health, there are also some possible scenarios where 5G network offers new
capabilities to improve the right execution of the use cases, such as assets management.

5G enabled use cases
Remote monitoring of health or wellness
It includes wearable and portable devices for consultation, monitoring, diagnosis and therapy,
and supporting treatment plans at distance for people living with chronic disease. Active aging,
prevention care as well as follow-up of discharge of hospitalisation will be all addressed.
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Patients are at the core of such services, and given more power in self-managing their own
care. Consequently, as mentioned in the Trend section, hospital resources will be optimised
(e.g., bed and structures for hospitalization reduction).
Those services will inevitably require the collection of abundant individual data on a continuous
basis via sensors and cyber-physical systems quickly exhausting the available network
capacities. The type and allocation of resources (IT services, data availability and monitoring
activities) varies depending on the intensity of care needed. Identifying the correct needs is
crucial. Meanwhile, to ensure that health and social care providers will process information to
coordinate their activities in a seamless way, the 5G network should facilitate the integration
with the service layer and enable an effective network resource negotiation, including bit rate,
QoS and network availability in both rural and urban area with high density of users.
Assets management and intervention management in hospitals
Real-time tracking of hospital resources and assets is also critical. The assets include
wheelchairs, ECG monitors, consumables and drugs. Main services that have close relationship
with care delivery efficiency and quality are listed below.
•
•
•

Tagging and tracking of equipment and consumables, to prevent them from being
removed from the operating theatre;
Real time tracking of value asset to avoid the unauthorised removal of the value items;
End-to-end management of pharmaceuticals across the whole supply chain for drug
security concern.

Intervention management often refers to the surgery planning, which involves the set-up of right
priority of the items in the surgery list. Considerable information should be available for the
correct scheduling for the critical surgeries.
In this critical context, it is essential to have available data updated in real-time. Continuous
monitoring is more than necessary, which requires medical devices and other assets, monitored
data and personnel of responsibility connected to a central infrastructure through a secure and
reliable network.
Robotics
Robotics is being applied principally to remote surgery. Specialists can thus join local surgeons
remotely to perform some procedures, or assist junior surgeons to fulfil a particular task. In the
robotics assisted surgery scenario, the quality of image, a sensation closer to reality such as the
resistance of organs, and synchronisation of cooperative action pose critical requirement for
end-to-end latency. For another, reliable availability of information from back-end databases and
real time data streaming from a large variety of sources should be guaranteed in such immense
coordination.
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Source: 5G PPP

Figure 27 - Robotics assisted surgery scenario

Smart medication
With city-wide monitoring devices and big data analytics for public health, the decision for
medication could be made not only based on monitoring from the patient’s conditions but also
from the tracking of various high risk factors such as air pollution and climates.
In addition, new pharmaceuticals with embedded connected devices could be applied to the
treatment and management of chronic diseases in general. This process may require the
connection of thousands of devices per geographical area, and data processing after
transmission to secured clouds. 5G will provide capabilities to guarantee the real-time data
gathering, sending and process with much higher level of security.

Healthcare value chain
Across the health care value chain supported by 5G network, sensors and connected
equipment, as well as data management will be at the centre to make the new services a reality.
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Source: IDATE, Connected Health, May 2016

Figure 28 - Healthcare value chain

Connected devices being used in this sector refer to objects equipped by sensors and a
connectivity module enabling them to communicate with the external world. They can be
wearables (wristband, watch, and sticky patch), stationary (medical equipment), implantable
(pacemaker) or congestible (pill). Two types of connected devices are playing an essential role
in health market - connected medical devices and consumer devices.
A large offering of consumer wearable devices exist, they are fitness centered and allow
wellness tracking and coaching (through companion apps), actively involving prevention
services. Fitbit, Jawbone, Apple Watch and Withings are pioneers in this market. Medical-grade
medical devices collect more comprehensive physiological data and via particular software,
generate clinical-meaningful analytics for both health professionals and patients. Such devices
and services are generally prescribed by physicians, thereby assuring a high patient
engagement. Traditional medtech companies and a wealth of startups are main players in this
segment.
Aggregated wellness and health data from multiple sources is another indispensable service
enabler. It requires the connection of care givers, patients and payers within the health systems
through care delivery platform and connected devices, thus assuring the correct information
delivered in the correct hands at the correct time.
Although cloud computing has seen entry into mobile-centric health deployment through, for
instance, mobile offloading solutions or through the introduction of cloud-based fitness data
storages (e.g., Apple HealthKit and Google Fit), current solutions are still heavily relied on
centralized data centres. Supporting flexible content and service function placement within the
proximity of sensors, devices and users, 5G holds promise to address many problems related to
such centered model, like latency, availability and service provision speed.
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Requirements

Communication performance requirements
Generally, eHealth applications require very low latency (especially for tele-surgery), high
throughputs and especially largely improved uplink throughputs, traceability of data, QoS
management and reliability of the network, and easy deployment in case of emergency. In
addition, this must be delivered in a high-quality and secure way to allow for trustworthy e-health
services.
One more challenge is to the data management. With more and more sensor data and the rise
of electronic health record, all the flow of data should be able to consolidate, then be stored,
managed and accessed in a proper way.
Table 36 - General requirement of healthcare vertical to 5G infrastructure

Source: 5G PPP
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The gap to be filled with communication technologies in healthcare sector is particularly related
to 1) latency 2) reliability 3) density of connected devices and sensors 4) coverage (including
indoor) 5) mobility and 6) data rate. The requirements depend on the service, whether voice,
email, video conference, radio imaging-file exchange or another.
Table 37 - Communication performance requirements to particular 5G enabled use cases
High Level needs for the communication
Latency

Reliability

Data Rate

Coverage

Mobility
(speed)

Density (No of
connected
devices)

UC
1

Remote monitoring
of health or wellness

Less
critical

High

High

Ultra-High

High

Ultra-High

UC
2

Assets management
and intervention
management in
hospitals

High

Less
critical

Low

High

Low

High

UC
3

Robotics assisted
surgery

UltraHigh

Ultra-High

Ultra-High

Less
critical

Low

Low

UC
4

Smarter medication

Less
critical

High

Low

High

High

Ultra-High

Source: IDATE DigiWorld, 5G Verticals, 2016

Remote monitoring of health or wellness data
The topmost requirement for remote monitoring is to improve coverage and to support dense
deployment of connected devices. With much higher penetration in urban areas, the healthcare
service delivery in rural areas via the future network is of particular importance. Indoor coverage
is also important - it must be covered for alarm type solutions where the patient is carrying the
device 24/7 and may sound the alarm at any time, any place. Meanwhile, the deployment of
increasing number of sensors on a wide scale should not put network under extreme pressure.
Beyond that, optimized energy consumption and battery life at device level is another critical
requirement. The goal is to be able to have connected devices (wearable/implants) selfsustainable and adapted to the duration of a medical diagnostic or treatment, which can be
weeks, months or even years. In addition, a wearable must be configurable for different
services, allowing the delivery of a patient experience in function of the disease evolution and of
the treatment improvements.
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Furthermore, remote monitoring also imposes a requirement related to mobility at high speeds
(> 300 km/h). In the case of emergency, mobility is crucial to retrieve patient information at the
point of care and on the way to the hospital.
Assets and interventions management in hospitals
Scalability of connectivity in terms of number of connected devices is the first requirement, as
this service requires thousands of equipment and objects tracked in each hospital.
Then second concern is seamless switchover supported by multi-radio access technologies.
The service continuity should be assured, for instance, tracking of assets (e.g., ambulances)
should by no means interrupt when moving across different regions or outside of hospital.
Precise positioning accuracy is another requirement that is more specific to this use case.
Indeed, precision of one meter at indoor conditions is necessary to locate objects rapidly in a
very big hospital.
Robotics
The uppermost requirement of robotics assisted surgery is the reliability of transmit/received
data. As the most demanding use case, tele-surgery requires a maximum tolerable packet loss
rate of 0.000001%. The continuity of a remote surgery must be preserved in all cases so as to
avoid any surgical failure.
In parallel, network must not add further to the system immanent latency of operating robot. On
the contrary, the future network seems to be a case for a significant reduction in end-to-end
latency, which should not be beyond 30 ms.
Smart medication
Similar to the remote monitoring service, smart medication requires a better coverage and
mobility, as well as much higher energy efficiency for connected pharmaceuticals. Beyond that,
there is a strong requirement for increasing the number of connected drugs per covered area,
since smart pharmaceuticals implies tens of drugs connected simultaneously inside each
patient.

Security requirement
Healthcare sector operates in a highly regulated space, which differentiates it from verticals.
Besides device and software security issues, connected healthcare exposes related data to new
hazard that did not exist before.
Typically, there are national or regional entity playing the role of trusted organizations, providing
infrastructures for health data storage and access. At the EU level these services are called E
Personal Health Record (PHRs) and Electronic Health Records (EHRs). On this basis, the
ePSOS infrastructure provides service and semantic interworking capabilities between national
PHRs/EHRs.
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Regarding the user requirement in terms of data security, patients stand for the control over
their own data, which is generated from the remote healthcare services. They also demand
flexible sharing with different parties, with identity protected and no health related data
distributed without consent, or to unauthorized parties. From physicians’ perspective, data
quality is essential to avoid biased diagnostics and liability consequence. In addition, the data
management should not add far more load to their existing major work.
Thus, the 5G network needs firstly provide a strong and reliable authentication system for
sensors as well as for associated services. Certain security technologies, e.g., such as
embedded SIM are highly advocated by GSMA. GSMA clearly states that the physical hardware
element adds an indispensable layer of security to healthcare applications, whereas a soft SIM
solution is not recommended due to the stringent requirements on security and data privacy.

Existing technologies options
There exist a wide range of wireless network technologies that serve the healthcare sector,
ranging from short-range communication (e.g., Bluetooth and Wi-Fi), over wireless sensor
networks, cellular networks, to wireless networks of the 802. family. More specifically, regarding
connectivity in hospitals, according to the European Hospital Survey 2012-2013, 32% of
European hospitals had a broadband connection above 50 Mbps, and 56% declared having a
broadband connection below 50 Mbps. With reference to wireless communication, 32% had no
wireless infrastructure, 39% had a single unified wireless network able to support most
applications, and 27% had individual wireless networks for discrete applications.
Each of the wireless technologies aims to meet certain requirements. However, one of the main
challenges in deploying connected healthcare services is to ensure that all the devices speak
the same language. Historically, hospitals have dealt with one device at a time – but this will
become increasingly difficult due to the growing number of networked devices. Solutions that
allow for disparate devices to communicate via a gateway device on a single platform help
healthcare organizations to reduce the cost of deploying an IoT solution by leveraging existing
equipment. This situation will makes both medical device developers and gateways developers
faced with a choice problem, in case to support several wireless technologies.

A.7.4

Foreseen development

Main market drivers
Multiple factors seem to propel the adoption of 5G technologies in the healthcare sector.
To begin with, limited capabilities enabled by existing wireless technologies will be a main
concern. Aforementioned requirements, such as latency, reliability, data rate, coverage, and
many others, are critical elements to support decentralised care delivery model and
personalised medicine in the coming years. 5G systems compared to the previous generations,
hold many advantages, to name a few:
•

Guaranteed user data rate ≥ 50 Mb/s.
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1/5 X in end-to-end latency reaching delays ≤ 5 ms.
Service reliability ≥ 99.999% for specific missions and critical services.
1000 X in number of IoT devices reaching a density ≥ 1M terminals/km2 and total
number ≥ 1 trillion.
1000 X in mobile data volume per geographical area reaching a target of 0.75 Tb/s for a
stadium.
1/10 X in energy consumption compared to 2010 while traffic increases dramatically at
the same time.

In addition, 5G will support for the convergence of vertical applications onto a single common
wireless network. This is expected to accomplish by advances in Network Function
Virtualization (NFV) and Software-defined Networking (SDN), allowing a flexible usage and
configuration of network functions to enable use cases with very diverse requirements by means
of network slices.
Further, strong and continuous growth of connected health market will be another impetus.
Driven by potential cost-saving and increasing of care delivery efficiency, health caregivers such
as hospitals and clinics have huge interest to deploy connected solutions. The connected
healthcare is expected to grow rapidly. IDATE estimates that the global connected installation
base, which encompasses both connected healthcare wearables and medical systems, will
grow from 29.5 million units in 2014 to 91.6 million units in 2020, at a CAGR of 20.8% for this
period. 5G architecture is expected, by riding on the trend, to accommodate a wide range of use
cases with advanced requirements, especially in terms of latency, quality of service, coverage
and flexibility of deployment.

Main market barriers
CAPEX and OPEX issues extensively brake on the investment by health organizations on new
network infrastructure. In addition to purchase new hardware /software, redesign their practices,
upgrade EHRs, and reconfigure or add medical office staff, the deployment of new devices and
capabilities tends to intensify the pressure on the available budgets. Deployment may introduce
new recurring costs, the cost of servicing them, and additional time for communication with
patients, pharmacists, hospitals, home-care centers, etc. Budget holders are reluctant to
introduce changes and new capabilities unless there is a substantial value proposition proven.
Apart from this, 5G networks, together with other existing networks, impose a new question on
the E2E quality control, typically when services span several networking technologies with
different ways of controlling communication in each technology segment. To cope with this
problem, a service provider has to develop the capability to control network performance.
Otherwise, a lack of E2E service quality control and assurance will be great obstacle for
massive uptake of expected applications in the healthcare sector.
Beyond that, some immanent problems are frequently cited within healthcare sector and are
being addressed and must be resolved (1) interoperability of different information systems
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among hospitals or regions, (2) coordination over eHealth standardisation, 3) severe privacy,
security and safety requirements, (4) how to leverage on the fast evolving ICT and last but not
least governance.

Vision of 5G adoption in the healthcare sector
Wireless technologies are important in this sector and for new eHealth applications; however,
the 5G network, as many industry giants mentioned, will not be likely to make revolution but
brings marginal impact, depending on specific use cases (application layer), remote surgery for
example, as well as the costs-benefits issue.
For this reason, 5G network may start by supporting some particular applications but not
globally. For instance, data gathered for personalized medicine (genetic and genome
information) can be overwhelming, and usually requires analysis/interpretation locally before
transported to EHRs, therefore the network capacity is important. In some other cases such as
connected ambulatory services, where mobility and coverage requirement is critical, new
wireless technologies also hold some prospects.
Lastly, the adoption also depend on the “who pays” problem. It greatly impact the end users –
patients’ choice that if 5G-enabled healthcare services will be covered by social system or
private insurers, because the willingness-to-pay of patients remains low.

A.8

5G and Transport and Logistics

The transport sector has different needs and requiring depending on the type of transport used
and depending on whether passenger or freight is concerned. The use cases vary mostly
between passenger transport (requiring xMBB for media and entertainment consumption) and
logistic transport (requiring mMTC type of communication for goods tracking).

A.8.1

Passenger transport

Market context
Air transport
Demand for new commercial aircraft is directly linked to the strength of the global economy.
Demand is strong for short-medium range aircrafts. According to Airbus in Global Market
forecasts book2015, there are 4093 aircrafts >100 seats at the beginning of 2015, an estimated
7208 in 2034 (3665 new deliveries of which 3115 new aircrafts, 3250 replacements, 843 stay in
service and remarketed, global market forecasts 2015). Out of the 6365 new deliveries, 5052
will be single-aisle aircrafts and 787 small-twin-aisle aircrafts. In 2014, 879 million passengers
travelled by air in EU-28 (Eurostat). Growth is mainly driven by low-cost carriers. World
commercial traffic will double in the next 15 years (Airbus, ICAO, 2014-2029), mainly driven by
emerging countries.
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Europe will have the slowest passengers’ growth rate at 2.7%, but will still cater for an additional
591 million passengers a year. The total market will reached 1.4 billion passengers in 2034.
Railways
UNIFE estimates there will be 486 billion passenger km in 2025 (415 in 2012, 462 in 2020).
UNIFE also estimates there will be 540 billion Ton-km in 2025 (405 in 2012, 495 in 2020).
According to UIC, 3 603 high-speed commercial trains sets were in operation in April 2015.
Conventional TEN will be predominant with 82 188 km of networks. High-speed TEN networks
will be less dominant in 2020 with “only” 30 706 km in service. 123 990 km of conventional offTEN in 2020 will however remain in Europe despite intensive efforts to improve equipment and
routes (Source ERA).
Rail transport in Europe has been declining in recent decades, especially in what concerns
freight flows. In 2010, rail freight volumes in the European Union were estimated to be 16%
below the 2008 peak level. DRail anticipated in 2009 a moderate growth of 1.5% annually for
rail freight transport over the 2010-2050 period. CAGR for Western European countries show
lower levels than CAGR for Eastern EU members, assuming that EU12 countries will have a
higher GDP growth than EU15 EU members. As far as passengers are concerned, approx. 381
billion passenger-kilometers travelled on national railway networks of the EU-28 (Eurostat). The
number of passengers is expected to growth moderately. Competition with low-cost flights is
intense.
In 2013, there was around 100 000 km of lines in Europe covered by GSM-R according to ERA
data. This is only an estimate as data for some small countries are unavailable. Ultimately 150
000 km of lines in Europe are to be covered by GSM-R.
Maritime passenger transport
There were approx. 120 cruise ships in Europe including river boasts in 2012 and a little less
140 ships in 2015. Around 150 are expected to be operational in 2017. Shipbuilding growth
trends are robust at the world level. They also are in Europe which is the star destination but
strong uncertainties could shake the market in Europe because of terrorism threats. To compare
figures, more than 500 ships are forecasted in 2016 in the world. The number of cruise ships is
expected to more than double by 2030 in Europe. In terms of passengers’ numbers, a robust
growth is expected. For the first two years (2015-2017), 6.5 million passengers are forecasted in
2017 from 6.1 million on 2015 and 5.7 million in 2013 (a 7% CAGR). A 130% growth between
2017 and 2030 is expected.
At the world level, 21 million passengers were carried in 2013; 22.3 million in 2015 and 23.7
million are forecasted in 2017.
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Services
Air transport
General needs for in-flight communications will be the capacity to provide high-speed internet
access, a portal of content and services (video, online shopping, etc.) typically delivered over a
local area network, live TV and GSM services (voice and data).
On board WiFi
According to Routehappy 2016 report, WiFi can be found on more than one third of available
seats worldwide with 60 airlines offering the service. The service is however most often offered
for a fee with various business models (price varying between type of device, data consumption,
time of connection etc…).
On board WiFi is becoming more and more mainstream but the current technology (both Air-toground (ATG) and Satellite) limits the available bandwidth and comes at a significant cost.
Current deployments rely mainly on ATG in the US and on satellite for long distance flight. The
diverse regulatory regimes in Europe have for now limited the possibility of a substantial ATG
network.
The current aviation connectivity is very competitive with many players involved and important
investment in new high-powered satellites. Concentration is to be expected in the coming years
over this market.
5G thus offer a promising opportunity to answer some of the technical challenges of the field
and enable widespread adoption of in-flight connectivity.
WiFi, Media, Entertainment and More
The current connectivity service provided to airplane consumer is often limiting the possible
uses to email and web navigation. However consumer demand for a full connectivity, high
speed internet experience exists and will lead to a wider service offer once technology catches
up.
Future services are all about passengers’ entertainment encompassing high-speed Internet
access, on-board cloud, and access to a specific portal of content/services (video, online
shopping, etc.), Audio/video streaming/live TV as well as telephony services.
Additional uses of on board internet connectivity exist such as weather patterns identification,
route optimization, support for point of sales, and rapid reporting of maintenance issues but are
unlikely to generate by themselves enough incentive to deploy connectivity.
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Source: Gogo Air

Figure 29 - Inflight service offering beyond passenger internet

New offerings, segmenting access to connectivity in various levels of bandwidth access and
bundling connectivity with content are expected to bring new revenues (including through
advertising).
Railways
Railways face major trends: connectivity is by far the number one improvement to on-board
services on railway passengers’ list. Safety and security needs increased in the last years.
Improved communications (train to infrastructure) are key.
General needs for on-board train communications for passengers in Europe will be the capacity
to provide high-speed internet access, a portal of content and services (video, online shopping,
etc.) in trains that can reach very high speed (high speed trains for intercity transport) or lower
speeds (“normal” trains).
Additional use case such as traffic update, on board CCTV, last minute ticketing and real-time
management of traffic disruption also open up for train operators.
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Source: Moxa

Figure 30 - Onboard connectivity use case

Maritime passenger transport
In the cruise business high-speed internet connectivity is a must-have for passengers.
The idea is to enlarge potential customer bases and attract younger customers, families and
business men. All these passengers want to stay connected 24/7 making this objective a major
structuring trend in the cruise line business.
The focus is on passengers’ entertainment services, high-speed internet access and telephony
that enable smart cruise. Entertainment services encompass “Cloud on the ship”, audio/video
streaming or live TV and online shopping. Smart cruise requires accessing the web anytime
anywhere on-board.
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Requirements
Air transport
Current technologies used
There are currently to a terrestrial and a satellite way of offering in-flight Wi-Fi. LTE trials for inflight connectivity are underway in Europe. The LTE ATG Europe-wide network is scheduled for
operation at the end of 2016. Satellite players are using the Ku-band (12-18 GHz) and are about
to launch new systems. The A2G solution is demonstrated by US player Gogo. Hybrid solutions
exist:
•

Hybrid ATG/Ku systems led by Gogo (Ground-to-Orbit) using a hybrid antenna. Gogo
has been innovative in the sense that, even if the system still uses two antennae – one
air to ground (ATG) and one to the sky (satellite), the operator has designed the most
integrated dish possible, with a single box that hands over automatically between ATG
and satellite signals.

•

Hybrid Ku/Ka systems designed for military purposes so far: ViaSat has just completed
the development of a hybrid Ku/Ka antenna that it will be offering up for military
purposes: the US Army is due to place an order to outfit its cargo C-130 and C-17
aircraft. The antenna will make it possible to connect to any Ku- or Ka-band satellite,
albeit with a brief interruption of a few minutes during handover.

•

A LTE/ATG solution backed by ALU and Inmarsat in S-band is emerging: aircrafts
connect on LTE eNodeBs during take-off and switch to satellite systems at usual flight
altitude. This solution will be trialled together with Deutsche Telekom in 2017.
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Source : Lufthansa

Figure 31 - On Flight connectivity relying on ground stations and satellite.

Identification of requirements
Entertainment is not critical for passengers even if those services are more and more
considered as must-haves. As soon as high-speed internet access is available on-board flights,
the amount of data transferred increases significantly: according to the digital agenda web site,
the amount of data exchanged through mobile communications on-board aircraft (MCA)
increased by 300% between 2011 and 2012).
High-speed internet access has to be provided to users travelling at 1000 km/h.
Latency has to be lower than today. Expected latency is also very low for video streaming.
Throughputs of at least 15 Mbps (possibly 30 Mbps) are awaited to be able to provide adequate
user experience in video streaming/conferencing. A 10 ms E2E latency could be a good deal.

Railways
Functional requirements, even in 2030, are not radically different from functional requirements
today. Coverage requirements, however, change as new (high speed) lines are brought into
service. The ability of the rail industry to continue to support GSM-R beyond roughly 2030 is
doubtful.
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To provide a satisfactory service to many passengers (the number or embarked passengers can
reach 1000 people) at a speed of 300 km/hr (today) and above (tomorrow with improved
technology) is a major challenge. As many business men do travel by high-speed train and use
office applications while on-board, low latencies and robust communications are required in
those specific cases. For common passengers using entertainment services, latency is not
critical. Throughputs of 50 Mbps delivered per user are needed to ensure a good to excellent
user experience at more than 300 km/hr.
For the successor of GSM-R, speeds above the 5 to 15 kbps delivered today are expected with
very latencies to ensure safety and security connections. Resilience is also one of the most
awaited functions.

Source : Synertone.

Figure 32 - Rail internet connectivity set-up

Maritime passenger transport
Services are not critical at all but a large diversity of services should be supported, such as file
downloading and video streaming. There are all about entertainment and comfort. That said,
business men will appreciate stay connected with their offices. Demand for internet access
increased dramatically in the last past years. So did the download volume according to
feedbacks from Tallin & Silija cruise line (3.5 Tb in 2013). On-board Wifi currently often delivers
adequate throughputs (2 Mbps estimated on average shared by all passengers with satellite
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compared to 10 to 15 Mbps per vessel up to 37 km from the coast) for low-demanding services
(emails basic surfing, basic audio streaming) but definitely too slow throughputs for video
streaming and large files downloads.
A consistent user experience with respect to throughput, needs a minimum data rate
guaranteed everywhere. The target value of 50 Mbps everywhere on-board should be
understood as the minimum user data rate and not a single user’s theoretical peak rate. A lower
RAN latency is expected: a higher latency is a downside effect to satellite-based networks (the
signal has to travel from the ground to the satellite). It could be lower than 10 ms with a high
number of connected devices at peak hours.
Cruise ships have then to be equipped with macro/small cells/DAS to support high data traffic
during limited peak hours. On shore backhaul via VSAT system on-board the ship is required.
River passengers benefit from LTE cellular throughputs.

Foreseen development
Main market drivers
The passenger transport market will continue to develop and grow in the coming years in all
domains: maritime, aircrafts and high speed trains. A robust, sustained growth can be expected.
This should act as a support to the demand of media and entertainment services (and thus of
connectivity) in transport.
The behavior of consumers is also evolving (as presented in the media and entertainment
section). The trend is to ATAWADAC (anytime, anywhere, any device, and any content) media
consumption. Consumers are more and more mobile, use more and more devices, and expect
connectivity to be available anywhere and anytime. The development of transport connectivity
services should also benefit from this evolution.
The rise of Intelligent Transport Systems (ITS) is also providing additional support to the
deployment of 5G connectivity in transport. Interactive, real time management of the transport
fleets, routing, and maintenance comes as added benefit to the deployments of end user
oriented services. These costs saving opportunity will further support transport operator
willingness to invest in connectivity.
The increasing mobility of the consumer population is also offering increased opportunity for
connectivity based services across transport. Intermodal applications that follows the end user
across his journey and provide personalized assistance, shopping opportunity and/or
entertainment possibilities. This new range of services will require reliable and relatively low
cost connectivity across transportation means.
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Main market barriers
The lack of consumers’ willingness to pay additional costs for connectivity can be a barrier to
the deployment of 5G solutions in transports. Connectivity is still regarded as a nice to have
feature but most transport user won’t pay an additional premium for it. They will also, if available
prefer to use their own connection channel (mobile phone) rather than an on board service. This
can especially impact railway transport, as user may prefer to directly benefit from 5G advances
in mobile XMBB from their mobile phone subscription rather than from an onboard service.
This can translate into delays in adoption by transport providers for whom providing on board
connectivity can be seen as a cost without much opportunity for matching revenues. Given the
important competition on transport prices in the sector, they may be quite sensitive to costs and
delay adoption if 5G adoption requires too important investments for them.
Vision of 5G adoption in the passenger transport industries
The 5G technologies, especially the extreme mobile broadband capability and the ability to
switch seamlessly between various connectivity technologies will be an important enabler for on
board connectivity in passenger transport.
The ability for consumer to pay a premium for accessing this new connectivity should however
not be taken for granted, and thus the delay for adoption will strongly depend on the ability to
find business models that incentives either consumer to purchase the service or transport
operators to invest in connectivity deployment.
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Freight and logistic

Market context
Logistics is, by definition, a business process that involves the management and movement of
material, service, information and capital flows, from the point of origin to the point of
consumption. A typical logistics framework consists of physical supply, internal operations and
distribution of goods and services. Main services include freight forwarding and multimodal
transport through air, ship, truck, and rail. In addition, it also provides customs brokerage,
warehousing and storage, and tracking and tracing of freight goods services.
Logistics market overview
The global logistics market is estimated to grow at a moderate CAGR of 5.98% from 2016 to
2020, while European logistics market will see a growth of 6.81% CAGR for this period. With the
steady growth in freight volumes throughout Europe, the long-term forecast is 80% growth in
freight transport by 2050 (EC, 2012a).
According to Eurostat statistics (January 2016), the total inland freight transport in the EU-28
was estimated to be over 2 200 billion tonne-kilometres (tkm) in 2013. Regarding the market
value, global Third Party Logistics Market (3PL14) alone will worth 925.31 billion USD by 2020.
With the IoT solutions penetrating down to the logistics, connected logistics market, enabled by
IoT technologies in fleet management, warehouse and inventory management is expected to
grow from 5.05 billion USD in 2015 to 20.46 billion USD by 2020, at a CAGR of 32.3%. A report
by DHL and Cisco forecasts that there will be 50 billion devices connected to the Internet by
2020 compared to 15 billion today.
Existing IoT adoption
The main challenges face the logistics services are, after all, they are required to be capable of
tracking every movement of their assets, products transported and personnel, as well as
anticipating the problems such as fuel shortage, errors due to manual entry or system failure.
Tagging containers or goods with RFID are main applications, however, lacks process
automation and operational efficiency. Other solution supported by wireless technologies
(GSM, 3G, satellite) involves the tracking of goods, assets, people and processes. Those IoT
initiatives provide broader operational and actionable data that can be used to mitigate loss and
risk, and empower process and cost optimization.
Nevertheless, the problem of current IoT initiatives, which is associated with energy
consumption, costs of deployment as well as precise tracking, remains to be solved.

14 3PL is a contract logistics that companies outsource of various elements of logistics and distribution to third-party
logistics solutions providers. 2PL, 3PL and 4PL are three major logistics model under contract logistics. The market
value of 3PL in the report covers the Dedicated Contract Carriage, Domestic Transportation Management,
International Transportation Management, Warehousing and Distribution and Software.
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Services
No matter which means of transportation is concerned, the technology trend in logistics is in
general around freight and goods tracking and monitoring which lead to shorter delivery
time and less delays, operational optimization such asset tracking, lower fuel consumption
and fleet management, improved warehouse management including inventory management,
automated shipment and optimized distribution, enhanced security of both carriers (cargo,
container, vessel, etc.) and goods, as well as some particular needs such as platooning
management for land transportation and crew connectivity for air and rail freight.
Maritime
Maritime shipping is a significant component in logistics – it accounted for 9.6 billion tons of
cargo in 2013, which equates to around 80% of global trade by volume and more than 70% of
global trade in monetary value.
Maersk, the world’s largest ocean shipping company, has established a partnership with
Ericsson on mobility and satellite technology since 2012; recently they are working on
developing bespoke maritime ICT Cloud solutions. Main services cover:
•

From the fleet/vessel perspective: Fleet management, container monitoring, asset
tracking, crew connectivity, fuel efficiency, voyage optimization, GSM voice and
data.

•

On the shore side: ICT management, global site integration, system integration,
OSS/BSS, e-commerce and business process management.

One of those services, Remote Container Management (RCM), is circulating the globe with
300000 of those units. As Maersk said to Forbes, the potential benefit was huge, both for
customer satisfaction, and in a commensurate reduction in insurance expenses (around half of
its claims arose from those technical problems).
In another partnership of Ericsson, with U-Ming, a Taiwan-based maritime company, Ericsson
provide Maritime ship-to-shore service in addition to similar ICT Cloud solutions. This service
includes Connected Vessel offering, which will support high-quality ship-to-shore VoIP and
email communications for personnel on board vessels.
Rail
DB Cargo, a Deutsche Bahn Schenker (DB logistics division) subsidiary, is the largest rail
freight company in Europe. DB Cargo deploys RFID and GPS technologies for different
purposes.
The RFID technology is applied to two types of services:
•

Rail freight locating and tracking: by equipping the wagons with RFID tags, customers
will know where their shipments are. In addition, DB took a step further and installed a
network-wide monitoring system to manage and plan its entire rail network. This system
comprises over one billion “nodes” that collect data of track, wagon, station, engine,
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switch, spanning the global operating network to provide near-real-time information
across the entire fleet. As a result, DB provides customers a convenient, automated realtime display of processes and flows of goods.
•

RFID sensors for condition monitoring: called Sensor Guard, this RFID-sensor-based
solution monitors a specific area, a complete warehouse or individual packages. Sensor
information is sent via radio from transponders, in real time or at intervals defined, and is
available to customers locally or online. Customers can thus actively monitor all
parameters or have them automatically monitored, allowing proactive actions when
deviations from e.g. predefined temperature or humidity ranges trigger alarms.

Source: Intelligent Mobility Insight.

Figure 33 - Condition monitoring system for rail applications

Meanwhile, DB also offers GPS solutions for monitoring transported goods, including the
tracking of rail cars, the alert of unauthorized access to the customers’ consignment.
In 2014, DB Netz, another subsidiary of DB focusing on rail infrastructure announced fiber
sensing solution. Development by OptaSense, this solution holds potential to reduce the costs
of running the network for rail freight, and to optimize the rail track operation. One trackside
sensor based on fiber optic sensing technology is expected to replace many in-field sensors, to
detect and alert multiple events, such as failure of inner-train systems and track defects.
Land freight
Similar to rail freight, RFID, IoT-enabled sensors are used to get real-time information of fleets
and goods, thereby allowing freight tracking and conditions monitoring. Those configurable
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tags and sensors can monitor a range of factors: location, temperature, humidity, barometric
pressure, and even light exposure, which is particularly critical for some cases, interrupted cold
chain for example. Data from these sensors are collected live and aggregated on central
servers, where analytics send push alerts to customers if present criteria are met.
DHL added IoT-enabled sensors to its delivery fleet so that it could more efficiently deploy
trucks to make deliveries. In addition to the freight itself, DHL’s sensors collect volumes of data
about non-shipping events, such as traffic jams, road closures, weather events and more. By
adding other publically available data such as postal strikes, DHL was able to create a full endto-end picture of the risks to a commercial customer’s supply chain. Called DHL Resilience360,
the service is designed to identify and predict risks to delivery of key supplies, and help
users to re-route shipments to avoid blockages and disruption, assuring goods to arrive on time.
Given its high value to customers, DHL is able to charge for this service, potentially generating
subscription-based new revenue to the existing shipping services.
Another promising service coming with industrial IoT technologies is Truck Platooning. The
trucks used a system called “platooning” drive about 50 feet apart, connected by Wi-Fi.
Sensors, processors and radios control the trucks, and the second and third trucks in the line
mimic each of the first truck’s actions without driver intervention. The expected benefits can be
reduction of costs, carbon emission and accidents, and bypassing the rigid regulation limit of
drivers’ hours. Volvo, Scania, Daimler, MAN, DAF Trucks and Iveco has initiated a successful
trail - European Truck Platooning, in which self-driving truck platoons converged in Rotterdam in
April 2016. However, as each truck manufacturer has its own Wi-Fi network, the truck platoons
are not able to join together at this time.
Air
General tracking of pallets is almost a standard service for many big air cargo companies, such
as UPS Airlines and DHL Aviation. On this basis, to reduce lost or delayed shipment, or
damaged products as well as increase process efficiency, some of them are beginning to
provide real-time tracking of shipments at the piece level.
Air Canada Cargo is an example of carriers that launched such service with Franwell. With use
of RAIN RFID (passive UHF), freight can be tracked when moving through key doorways of
facility and to and from the tarmac. This RFID solution covers every aspect of a shipment, from
streamlining the tagging process to sending updates of the last known location change. RAIN is
an acronym of Radio frequency Identification - a nod to the link between UHF RFID and the
cloud, where RFID-based data can be stored, managed and shared via the Internet.
Air transportation is often used for high value and low volume shipment. Qatar Airway Cargo, for
example, opened new facility to launch premium services in 2014 – Q Fresh for perishables and
Q Pharma. Temperature monitoring and control is thus essential to such service with air
transport.
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Warehouse
The challenges face warehousing is seeking higher levels of efficiency and automation, and
responding to possible problems in a proactive manner. Concretely, services include inventory
tracking, replenishment signalling, automated sorting and orders fulfilment, as well as assets
tracking.
Amazon is a pioneer that embraces robotics for shipping automation. As of July 2016, there
are 15000 Kiva robots that operated in its 10 automated shipment centers. It also uses one of
the largest robotic moving arms in the world to help transfer pallets for order fulfilment. The
robotic solutions are proven to make its warehouses more productive - unloading and receipt of
an entire trailer of inventory can be fulfilled in as little as 30 minutes instead of hours.
M2M communication solutions are also suitable for warehouse logistics. When forklift trucks and
warehouse ceilings are equipped with laser sensors, the warehouse management system will
know in real-time where every forklift truck is and then relay the transport order and the fastest
route to the self to the ruck by WLAN.
Then, for particular industries, such as textile and food industries, RFID has been able to
deliver value to inventory system on an item-level. By addressing the detailed characteristics
(size, cut, color, etc.), RFID provides some real-time visibility of products, whose value is high
enough to bear the costs of RFID and can be combined with anti-theft systems. Major projects
have been rolled out by Marks & Spencers, American Apparel or C&A and are used as
benchmarks by the rest of the industry.
Besides vendors or retailers mentioned above, logistic service providers such as Kuehne +
Nagel and LogiTag also provide warehouse or distribution center solutions. LogiTag, an Israel
company focusing on medical industries, provides RFID and Barcode technologies based
solutions for a range of warehouse services: real-time product traceability – inside and outside
the warehouse, medical inventory management, temperature monitoring for controlled storage
conditions, and many others.

Requirements
The following table presents the IoT devices being used, and the wireless technologies
available to support particular applications for each transport modal.
Table 38 - IoT devices and requirements for warehouse applications
Transport
modals

Maritime

Main players

Maersk, CMA
CGM, MSC,
American
President Lines
(APL), Hapag-

IoT devices

Cellular
(Mobile)

Sensor type

Short-range
communication
technology

Vessel/containe
r/ merchandise
/location
tracking,
condition

RFID tags,
Zigbee, SAW
(Surface acoustic
wave)
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GSM
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Lloyd,
Evergreen Line

monitoring
(temperature,
humidity, fuel,
pressure, etc.)

Rail

CSX, BNSF, DB
Cargo, PKP
Cargo SA,
SNCF Geodis/
rail freight
business

Location
tracking,
defaults&events
detecting,
assets
monitoring,cond
ition monitoring
(e.g., humidity
or temperature).

RFID, fiber optic
sensing

Land

Fedex Freight,
YRC Worldwide,
Hub Group,
UPS Freight,
Dachser, DB
Schenker
Logistics, DHL
Freight, XPO,
Kuehne + Nagel

Assets tracking
sensor(truck/
trailer/container)
, merchandise
and condition
monitoring,
external
environment
monitoring (e.g.,
traffic, weather)

Air

UPS Airlines,
Fedex Express,
Cathay Pacific
Airways,Emirate
s SkyCargo,
DHL Aviation,
Lufthansa
Cargo, Korean
Air Cargo

Assets tracking,
location, motion
and shock
tracking,
merchandise
monitoring (to
piece level),
condition
monitoring
(temperature,
humidity, fuel,
pressure, etc.)
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mobile
WiMAX(for
on-board
personnel),
onboard
cellular base
station15
GSM-R,
MIMO and
4G LTE, 3G
cellular
16
network#

broadband
service

GPS,
IsatData Pro
satellite

Sigfox

bar codes, BLE,
Wi-Fi (plantooning
)

GSM, GPRS,
HSPA

GPS,
IsatData Pro
satellite,
Dual-mode
(cellular and
satellite)

Sigfox, LoRa

RFID, BLE

GSM,GPRS/
EDGE, 3G,
4G LTE for
A2G (air-toground) and
in-flight
communicati
on for crew
&passengers

GPS, S-band
satellite,
hybrid Ku/Ka
band satellite

Sigfox, LoRa

15 In some particular cases, each container equipped with a sensor firstly transmits data to an onboard cellular
system; the aggregated data is then delivered to the satellite.
16 4G LTE combined with IsatData satellite is applied to meet some emerging needs (an partnership between
Orbcomm and Canadian National (CN) Railway) such as continually monitoring parameters like power status, tank
level, dispensed material volume, wheel/ axle count and more.
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Warehous
e

DHL Supply
Chain, XPO
Logistics Inc.,
FedEx Corp.,
Amercold
logistics, OHL,
Ceva Logistics,
UPS Supply
Chain solutions,
Ryder Supply
Chain Solutions,
DB Schenker
NFI, Kenco

Assets tracking,
merchandise
tracking,
locating, sorting
and routing,
inbound
process tracking
and controlling

RFID/NFC, bar
code scanning,
ZigBee, laser
sensor
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GSM, EDGE

GPS

LoRaWAN17,
Wi-Fi (IEEE
802.11
a/b/g/n), LED
lighting
(Manipulate
to light(M2L),
Li-Fi)

The following table sums up the requirements of the logistics sector in term of communication
technology.
Table 39 - Logistics communication requirements
Domain

Use cases

Latency

Reliability

Bandwidth

Maritime

Tracking/Monitoring

non critical

high

low

low

high

high

Coverage

Autonomy

Rail

Tracking/Monitoring

non critical

high

low

low

high

low

Land

Defaults and event
monitoring
Tracking/Monitoring

non critical

high

low

near shore and
off shore
near shore and
off shore
Land, high
speed
Land, high
speed
Land

low

high

high

Land

non critical

Crew connectivity

Crew connectivity

High
non critical
Very High
High
Very High

ultra-low

very high

low

Land

non critical

Air

Platooning /
automation
Tracking/Monitoring

non critical

high

low

Aerial

High

Warehouse

Tracking/Monitoring

non critical

high

low

Indoor

High

ultra-low

very high

low

Indoor

High

Automation
Source: IDATE DigiWorld, 5G Verticals, 2016

One of the specificities of the logistic domain is the requirement for high autonomy. This is
especially the case for tracking and monitoring use cases. They require long lasting battery
powered solutions to enable tracking to follow containers or parcels independently of the means
of transport and all along the logistic chain.

17 Swiss Post has been testing LoRa for automatic alert for stock replenishment and security in the customers’
warehouse since March 2016;
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The requirements in term of coverage are also especially important and form a challenge of
their own, similar to the passenger transport domain.

Foreseen development
The logistics sector is embracing IoT solutions. A research conducted in 2015 for Zebra
Technologies Corporation reflects the views of information technology decision-makers in firms
that serve or have supply chain or logistics business:
•

Connected devices, equipment and processes enable companies to gain operational
efficiency. IoT extends further, granting visibility into supply chain, and allows managers
to prepare or adjust proactively before small problems become big ones.

•

83% of surveyed manufacturers either already have IoT implementations in place or
plans to deploy within a year.

•

Wi-Fi, real-time locating systems (RTLS), security sensors, barcodes, GPS and mobile
computers were cited as the most important technologies for enabling IoT solutions.

•

Half of the surveyed manufacturers cited cost concerns as the largest barrier to
adopting IoT solutions while 46% indicated privacy and security concerns along with
integration challenges.

Whether 5G technologies will be favored by the logistics industry depends on its capabilities
concerning cost-benefits to adopters.
A report by Research and Markets states that high cost of operation remains one of particular
challenges that restrict the growth of the logistics market in Europe. One reason that IoT
initiatives supported by GSM or 3G/HSPA+ have not gained momentum may be high price of
module and subscription fees (as much as several tens EUR per month, see Appendix). A
French pioneer providing IoT service leveraging Sigfox UNB technologies, Ffly4u indicated that,
the clients requests and contracts from the logistics industry have soared since its low cost
(starting from 2-3 EUR/ month) offering was launched in 2014.
Further, those who have no plans to adopt an IoT strategy, feel it is not currently a viable
solution for their facility. As seeking higher levels of efficiency and automatization using the
latest technology is always a goal, ensuring that the 5G solutions can be evaluated, proven and
integrated to current facilities, many of which are still operating in manual environments, are
likely to arouse more interests of logistics industry.
Beyond that, some advantages over available technologies, such as wider coverage than
LPWA, much lower energy consumption than existing cellular technologies, increased
positioning/ tracking accuracy, are appealing to the logistics industry and the service providers
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5G cost inputs

The following table illustrates cost inputs used in the network cost estimation.
The cost estimations have been made for the sake of our study. They do not represent real values in an MNO’s networks as there
are and will be many different factors which may lead to other values.

Item

Cost (k€)

Comments

CAPEX
First 5G macro base station on an existing site, including 5G
BS, embedded SW, installation, new MIMO antennas and
infrastructure adaptation

55

Adding an additional frequency (non mmWave) band to an
installed 5G macro base station

12

New 5G outdoor small cell including all related cost such as
integrated antenna, router, security gateway, site related
costs, backhauling (a mixer of optical fiber and Microwave)
New 5G indoor hotspot small cell including all related cost
such as integrated antenna, router, Security gateway, inch,
site related costs, backhauling (a mixer of optical fiber and
Microwave)
Upgrade 5G outdoor small cell to 2 bands including all
related costs

The new 5G BS shares the existing infrastructure, an
infrastructure upgrade cost is assumed. In dense urban
zone, it is assumed that the site is already connected by
optical fiber. This is NOT an mmWave base station. In
our scenario, this corresponds to 700MHz FDD
deployment.
Upgrade an installed 5G macro, e.g. installation of
3.5GHz

11

Small cell on a new site, non mmWave cell

5

Small cell on a new site, non mmWave cell. It is an pure
assumption based on outdoor small cell cost since I do
NOT have information on indoor small cell costs.

3

Non mmWave station

2

Non mmWave station

Upgrade 5G indoor small cell to 2 bands including all related
cost
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Installation of a mmWave 5G outdoor cell on existing small
cell site

10

Installation of a mmWave 5G indoor cell on existing small
cell site

8

A new macro site build cost, excluding telecommunication
equipment

60

A new backhaul link for outdoor small cell

4

5G femto cell 1st band
5G femto cell 2 bands
5G femto cell 3 bands

0,05
0,065
0,14

In dense urban zone
70% of optical fiber link and 30% of microwave link
weighted
For home or office usage
For home or office usage
For home or office usage

OPEX
Macro site
Average macro site rental per year
Operation & maintenance, including SW licenses
Annual macro site energy cost, 5G part

0,8
10%
0,6

10% of CAPEX

10%
9%

10% of CAPEX
9% of CAPEX

Small cell site
Annual outdoor small cell OPEX
Annual indoor small cell OPEX

Table 40 - Cost inputs.
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C

RACH dimensioning for reliable link guarantee

C.1

Traffic Arrival Model

Consider a single cell with one base station at the center, and a massive number of user equipment (UEs) which are uniformly
distributed in the cell. Random access channel (RACH) of LTE is the typical way for inactive devices to establish connection with the
BS. Regarding the contention-based nature of RACH, collision in random access is inevitable, and hence, access class barring has
been standardized in cellular networks. Based on the ACB, each device which has data to transmit decides to start contention at
each time slot with probability q or postpone the contention with probability 1 − q. If a device makes K successive unsuccessful
attempts, it will be blocked. As highlighted by the Metis project [POP13] and state of-the-art [NIE15], reliability in communications is
of paramount importance for 5G cellular networks. For example, in test case 5 of [POP13], which deals with tele protection for smart
grid networks, 99.99% reliability has been envisioned. Motivated by the facts that the number of random access resources per cell
per time is limited and the disconnected devices must go through the RACH procedure to transmit data to the BS, RACH resource
planning is of paramount importance in order to guarantee a required level of access rate to the network, while preserving the
expensive radio resources. To achieve this level of reliability, we investigate the ways in which RACH planning in time and frequency
can be performed to ensure a required level of accessibility to the cellular network.
Access rate, denoted by R, demonstrates the percentage of devices that can successfully pass the RACH procedure within a limited
number of retransmission opportunities. Uplink RACH resources, red-colored blocks in Figure 34, are reserved to occur in regular
intervals of TRA seconds. Each RACH slot in frequency domain consists of Mp orthogonal preambles, and Mf parallel RACH slots
can planned in frequency domain per time slot. Then, M=MfMp preambles have been reserved in each TRA seconds for random
access. Other uplink resources are reserved for physical uplink shared/control channels (PUSCCH and PUSCH).
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d)Proposed model for modeling IoT and HTC traffic coexistence with retransmission

Figure 34 - RACH Resource planning and traffic arrival modeling
When there is only HTC traffic, the traditional Poisson user arrival model can be used for performance modeling, as depicted in
Figure 34. While in case of MTC/HTC coexistence, especially when event-driven MTC traffic is taken into account, the achieved
access rate from Poisson model cannot be used anymore. A switched-Poisson process (SPP) model matches well with the new
arrivals of HTC/HTC traffic to the system, i.e. when there is no retransmission, as depicted in Figure 34. SPP introduces high- and
low-arrival rate modes for the traffic. The lengths of high- and low-arrival-rate (HAR and LAR) modes can be modeled as Lh = nhτ and
Ll = nlτ , in which nh and nl are geometrically distributed with parameter µh and µl respectively. While the SPP model can model the
arrival rate of users, retransmission after failed transmission possess challenges in modeling the access rate performance as it adds
a transient state to the system in which a complex set of new arriving/re-attempting nodes try to access the network. Then, in order to
model the traffic a modified SPP model is proposed in Figure 34 which consists of the HAR, LAR, and transient states. The state
transitions of the proposed model are depicted in Figure 35. As the worst case access rate is achieved in the case of massive access
occurrence, in the following we focus on the following transition: (LAR → HAR → transient states).
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Figure 35 - State Transition of the proposed model

C.2

Analytical model

Denote granularity of radio resources in time domain as τ, the time interval between two successive random access opportunities
(RAO) as TRA, the ratio between TRA and τ as X ≥1, number of RACH frequency slots per RAO as Mf, number of orthogonal
preambles in each RACH slot as Mp, and maximum number of allowed (re-)transmissions as K. Let us assume that the high-arrivalrate mode starts at the reference time, i.e. t0. The expected number of attempting devices at t1 is derived as
𝑁1 = 𝑎𝑟𝑟𝑖𝑣𝑒𝑑 𝑖𝑛 [𝑡0 ; 𝑡1 ] + 𝑓𝑎𝑖𝑙𝑒𝑑 𝑎𝑡 𝑡0
(𝑎)

⇒ 𝑎𝑟𝑟𝑖𝑣𝑒𝑑 𝑖𝑛 [𝑡0 ; 𝑡1 ];

(1)

where (a) is due to the fact that massive access occurs at 𝑡0 .Also, ℎ ≫ 𝜇𝑙 is assumed due to the characteristics of the IoT traffic
[10]. Then, 𝑁1 can be approximated as:
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𝑋− 1
𝐼(𝑋−𝑖−1)

𝑁1 ≈ 𝜆ℎ 𝑇 + ∑ [𝜆ℎ 𝑖𝜏 + 𝜆𝑙 (𝑋 − 𝑖 − 1)𝜏 ](1 − µℎ )𝑖 𝜇ℎ

,

𝑖=0

≈ 𝜆ℎ 𝑚𝑖𝑛{𝑇𝑅𝐴 ,

𝜏
𝜏
} + 𝜆𝑙 𝑚𝑎𝑥{𝑇𝑅𝐴 −
, 0},
µℎ
µℎ

where 𝐼(𝑧) = 1 for 𝑧 > 0 and 0 otherwise. Regarding ACB,
𝑁1 = 𝑁1 (1 − (1 − 𝑞) 𝑋 )
Devices out of 𝑁1 will decide to contend at 𝑡1 , where 1 − (1 − 𝑞) 𝑋 is the probability that a device decides to content for channel
access after 𝑋 time slots, and 𝑞 shows the probability of decision for contention in each time slot. The average probability of collision
in random access for 𝑥 devices and 𝑦 preambles is derived as:
𝑃𝑐 (𝑥, 𝑦) = 1 − [

𝑦 − 1 𝑥−1
.
]
𝑦

Then, 𝑁1 𝑃𝑐 (𝑁1 , 𝑀) devices will be unsuccessful at 𝑡1 and will retry at 𝑡2 , where 𝑀 = 𝑀𝑝 𝑀𝑓 . Also, some new devices will try for
random access at 𝑡2. The number of new arrivals depends on the length of HAR mode, i.e. 𝑙ℎ = 𝑛ℎ 𝜏 . Regarding the geometric
distribution of 𝑛ℎ , the average number of new arrivals can be modeled as
𝑋 +𝑖−1 𝐼(𝑋−𝑖)
𝑁2𝑛𝑒𝑤 = 𝜆𝑙 𝑋𝜏 [1 − ∑𝑋
µℎ
] + 𝑋 ∑𝑋
𝑖=1(1 − µℎ )
𝑖=1[𝜆ℎ 𝑖𝜏 + 𝜆𝑙 (𝑋 − 𝑖)𝜏 ] (1 −

µℎ ) 𝑋 +𝑖−1 µ𝐼(𝑋−𝑖)
.
ℎ

(2)

Then, at time 𝑡2 ,
𝑁2 = 𝑁2𝑛𝑒𝑤 + 𝑁1 [(1 − (1 − 𝑞) 𝑋 )𝑃𝑐(𝑁1 , 𝑀) + (1 − 𝑞) 𝑋 ]
devices will have data to transmit, out of which 𝑁2 = 𝑁2 (1 − (1 – 𝑞)𝑋 ) will decide to content for RACH transmission. Following the
same trend, at time 𝑡𝑘 , where 𝑘 > 1,
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𝑁𝑘 = 𝑁𝑘𝑛𝑒𝑤 + 𝑁𝑘 − 1[(1 − (1 − 𝑞) 𝑋 )𝑃𝑐(𝑁1 , 𝑀) + (1 − 𝑞)𝑋 ]
devices will have data to transmit, where,
𝑋

𝑁𝑘𝑛𝑒𝑤

𝑋

= 𝜆𝑙 𝑋𝜏 [1 − ∑(1 −

𝐼(𝑋−𝑖)
µℎ )(𝑘−1)𝑋 +𝑖−1 µℎ

𝐼(𝑋−𝑖)
.
] + ∑[𝜆ℎ 𝑖𝜏 + 𝜆𝑙 (𝑋 − 𝑖)𝜏 ] (1 − µℎ )(𝑘 − 1) 𝑋+𝑖−1 µℎ

𝑖=1

𝑖=1

Then, 𝑁𝑘 = 𝑁𝑘 (1 − (1 − 𝑞)𝑋 ) devices will decide to contend at 𝑡𝑘 . Given 𝐾, the maximum number of attempts, for delay critical
traffic 𝑞 must be selected such that on average 𝐾 attempts fall inside the tolerated delay in RACH access, i.e. 𝑇𝑑 , as follows:
⌈

𝑇𝑑
⌉ /⌈(1/𝑞)/𝑋⌉ ≥ 𝐾,
𝑋𝜏

where ⌈𝑥⌉ shows the ceiling of 𝑥. One sees that access rate for a given device is a function of probabilities of collision in the selected
set of RAOs in which the devices contend for channel access. The expected access rate for devices that start contention at 𝑡𝑗 is
calculated as:
𝐾−1

𝑅𝑗 = 1 − ∏ 𝑃𝑐 (𝑁

1/𝑞
𝑗+𝑙 ⌈
⌉
𝑋

𝑙=0
𝐾−1

= 1 − ∏ (1– [
𝑙=0

, 𝑀)

𝑀 − 1 𝑁𝑗+𝑙 ⌈1/𝑞
⌉
𝑋
]
) , ∀𝑗 ≥ 1.
𝑀

(3)

We investigate RACH resource planning using MATLAB. Figure 36 depicts access rate as a function of number of preambles and the
time interval between two successive RAOs. The system and traffic parameters can be found in Table I. It is evident that a target
access rate can be achieved by adequate resource allocation in time and frequency domains. For example, one sees that 0.9999
access rate is achieved both with (M = 161, 𝑇𝑅𝐴 = 1 msec) and (M = 261, 𝑇𝑅𝐴 = 2 msec). Then, one may decrease the allocated
bandwidth to RACH by increasing the occurrence frequency of RAOs in the time domain. The detailed access rate analysis is given
in Figure 37, in which the yellow-colored regions specify the (𝑀, 𝑇𝑅𝐴 ) values that satisfy the access rate requirement. It is interesting
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to see that, given the access rate, the boundary values of M and 𝑇𝑅𝐴 that satisfy the access rate construct an exponential curve.
Doing a linear approximation of this curve, one sees that the slope of this curve is inversely proportional to the access rate

Figure 36 - Access rate as a function of number of preambles in each RA and the time interval between two successive
RAOs

138

Document: METIS-II/D1.2
Version: v1.1
Date: 2017-09-30

Status: Final
Dissemination level:
Public

Figure 37 - Access rate as a function of number of preambles in each RA and the time interval between two successive
RAOs. The threshold access rates are 0.9999, 0.99, and 0.95. The yellow regions show the configurations in which the target
access rate has been satisfied

139

Document: METIS-II/D1.2
Version: v1.1
Date: 2017-09-30

D

Status: Final
Dissemination level:
Public

Dimensioning for a target throughput

The classical methodology for xMBB dimensioning considers that a cell is able to carry a traffic equal to its maximal capacity, i.e. its
spectral efficiency (SE) multiplied by the available bandwidth (BW). This approach does not guarantee a target throughput for users.
If a target throughput (Target) is sought, the temporal and spatial variations are to be considered:

Taking into account the temporal dimension
The number of active users in the cell is subject to variations due to user arrivals and departures. Throughput is degraded when
there are many active users in the cell. The first step towards guaranteeing a throughput is to compute the maximum number of
simultaneous users so that the rate is acceptable:
Nmax=SE*BW/Target
From simple queuing theory analysis (Processor sharing), the load of the cell is computed by:
ρ=traffic (Mbps)/(SE*BW)
The probability of having n active users is then computed by:
Pr[𝑛] = 𝜌𝑛 (1 − 𝜌)
The probability of degraded throughput is then:

𝑁𝑚𝑎𝑥

Pr[𝑑𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛] = 1 − ∑
𝑛=0

𝑛𝜌𝑛 (1 − 𝜌)2
𝜌

The dimensioning rule consists in finding the traffic so that Pr[degradation]<5%.
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Taking into account the spatial dimension
In addition to the temporal dimension, the spatial dimension has also to be taken into account as cell edge users have more
probability to be degraded.
Let uy consider that there are K classes of radio conditions in the cell, with weights wk, spectral efficiencies SEk. These classes are to
be obtained from CDF of throughput over the cell.
The maximum number of simultaneous users for a good performance of users of class k is Nmaxk=SEk*BW/Target.
A similar (simple) equation can be found for the degradation probability, including both spatial and temporal dimensions:

𝑁𝑚𝑎𝑥𝑘

Pr[𝑑𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑘] = 1 − ∑
𝑛=0

𝑛𝜌𝑛 (1 − 𝜌)2
𝜌

Pr[𝑑𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛] = ∑ 𝑤𝑘 Pr[𝑑𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑘]
𝑘

𝛒=∑
𝒌

𝒘𝒌 ∗ 𝒕𝒓𝒂𝒇𝒇𝒊𝒄
𝑺𝑬𝒌 ∗ 𝑩𝑾
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