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EXECUTIVE SUMMARY
According to the September 2018 report of the Boston Consulting Group (BCG), Europe’s mobile
industry faces a next-generation conundrum with major ramifications for mobile network operators,
policymakers, consumers, and businesses. The ability of 4G technology to handle fast-rising traffic
demand is approaching its limit. Current networks cannot support the enormous data growth without
massive site “densification” - increasing the number of cell towers and antennas in heavy traffic areas
- which could drive up costs by as much as three times and is generally not acceptable to city
governments and residents. The BCG estimates that 4G capacity in the typical large European city will
be exhausted by 2021. Advanced 5G technologies present the best and least expensive way to
accommodate traffic increases, but thanks in part to the widespread use of unlimited data plans,
monetisation of traffic growth is a major challenge, and network operators have little incentive to
invest in, and build out, advanced networks.
Adverse policy and innovation environments have already resulted in EU nations falling behind
the US and Asia-Pacific with respect to both digital innovation and the development of digital
and mobile economies. Europe needs to stimulate the rapid and efficient deployment of 5G if it is
to drive economic development and job creation, stem the shift of profit pools to the US and AsiaPacific, and enjoy the consumer and business advantages of 5G high-speed connectivity. If
Europe continues on its current path, it is electing to forgo the benefits of digitisation.
Advanced 5G technology can substantially expand network capacity and lower its cost. The BCG
projections show that the costs of serving increasing traffic demand with 4G technology would triple
from 2020 to 2025, driven largely by site densification. Under a 5G scenario, the average annual
network spending would be about half of what it would be under 4G; nevertheless, the increase in
absolute spending levels will still constitute a serious economic challenge for Mobile Network
Operators (MNOs).
According to the BCG, difficult economics put socio- economic benefits of 5G at risk. There is an
imbalance of investment benefit: GDP impact outweighs Telco infrastructure investment after less
than 1 year and MNOs require 5-10 years to recoup infrastructure investments. See Table 1:

Table 1: GPD impact outweighs Telco investment
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Full 5G deployment is viable from a financial perspective, but it requires the full engagement of
all stakeholders. The BCG analysis indicates that the investment hurdles can be overcome but
doing so, will require all participants to ramp up their commitment to 5G in a concerted way. The
telecommunication industry must lead, with the support of governments and telco ecosystem partners
and the participation of network-dependent entities, such as content and service providers. Remaining
with 4G is not a long-term sustainable option, especially in urban areas. Neither is building out and
operating a 5G network based on 4G business models.
Network Operators need to change the way they think about 5G, adjusting old business cases and
pursuing new ones to make the economic model work. Operators need to optimise network
deployment using all available tools, including advanced analytics and artificial intelligence, to lower
the cost base. The industry also needs to collectively use the upgrade to 5G, and the new services that
it would enable, to explore pricing models that move away from the current data plans, which have
contributed to a downward spiral in revenues per user in recent years. Operators and European
industry need to work together to explore new use cases with innovative business models in such areas
as mission-critical services and the so-called massive Internet of Things, which can generate new
revenue streams for telcos while enhancing the global competitiveness of Europe’s companies and
economy.
Policymakers and regulators can help stimulate and enable change in thinking and approach. Past
policy has focused on incentivising competition and keeping prices low. Today’s priority should be on
incentivising investment - especially in the next-generation infrastructure that can enable further
technological advances. This paradigm shift has widespread implications for regulation in areas as
diverse as spectrum auctions and municipal planning rules.
Non-Operator participants in the telco ecosystem can also benefit from facilitating the deployment of
5G. For tower companies, this means working more closely with Operators to prepare sites for 5G
deployment, considering new partner pricing models, and potentially providing active networksharing services. For technology vendors (including makers of equipment and handsets), it also means
being first with the innovations that are most needed, such as innovative handsets and open standards
for more software-based networks.
Companies in all sectors should work with their telco partners to investigate and unlock the benefits
enabled by 5G capabilities. Financial-services firms, industrial-goods companies, health-care
providers, and others that plan to leverage digital innovation need to engage with the various players
in the required ecosystem - especially with regard to connectivity to the cloud - and make their views
known about the importance of reliable infrastructure. Such co-operation will give governments and
Operators confidence in the potential of 5G business cases and stimulate innovation and 5G
leadership in Europe.
Countries in North America and Asia-Pacific have already opened a 5G lead. Operators in Europe
have not been idle - the Scandinavian telco Ericsson even claims the first commercial 5G network but the transition is not happening broadly, or quickly enough.
Europe was the centre of gravity with its great success of GSM 1. The centre of gravity seems to have
shifted slowly away from Europe in 3G and 4G. Will 5G be a second chance to recover its center of
gravity? It is really about large scale industry deployment and facilitating policy-making, not just
heavy funding and pioneering research, despite its necessity.
The author of this deliverable is a 3GPP PCG2 (board) member since 1999 whose contribution was the
promotion of the use of IPv6 in 3G back in 2000 with the adoption of IPv6 in May 10, 2000 in IMS
(IP Multimedia System) while the 3GPP core technical committee was planning to design a new

1
2

Global System for Mobile
3rd Generation Partnership Project (3GPP), PCG (Project Coordination Group)
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protocol totally different from the Internet Protocol and therefore would not be connected to the
Internet today. The author has also facilitated the co-operation between the IETF (Internet Engineering
Task Force) and 3GPP so that 3GPP can use the IETF RFC protocols and if any changes are needed
by 3GPP, it needs to go through the standardisation process of the IETF:
https://tools.ietf.org/html/rfc3113
3GPP plays a major role in harmonising and aligning all 3/4/5G standards bodies to use the same and
open protocols and spectrums with the clear benefit of scale and massive reduction of the cost of
handsets to the end-user but also to get new industries to create new products such as the new
smartphones that have revolutionised the mobile and Internet industry.
The 3GPP PCG standardisation initiative, created in December 1998, coordinates and channels
3G/4G/5G standardisation activities with the technical and financial support of the major SDOs 3
(ARIB, ATIS, CCSA, ETSI, TSDSI, TTA, TTC)4. 3GPP submits then its recommendations to the
ITU-R for spectrum alignment. In this respect, Europe and China are de-facto very well harmonised
and aligned especially in taking the time to pilot, in larger scale, the 5G specifications.
However, MNOs face competitive and stakeholder pressure to launch 5G:
•
Widespread political pressure to make their nation a 5G leader
•
High public expectations of the value of 5G
•
Opportunities for attackers in 5G – especially fixed-network players
The business case for 5G faces substantial challenges:
•
Limited to no growth from core connectivity revenues
•
Continued traffic growth requires costly network capacity
•
Network Opex and Capex could double, or more
The adoption in Europe according to the 5G IA and 5G-PPP seems to be focused on the exploitation of
vertical markets to make 5G a real success. However, 3GPP PCG and its 3 WGs have not seen any
verticals joining the 5G Working Groups to define their specifications and use cases which is the
prime place to create the real standardisation work for verticals. Making the vertical markets the
precondition for 5G success can be very risky if the verticals are not engaged in 3GPP standardisation
efforts, as the MNOs are left alone to determine how to approach the verticals as best as they can,
instead of having real anchors to start from. A case in point, T-Mobile in the US and Deutsche
Telekom are taking an aggressive move to 5G for a different competitive edge. T-Mobile in the US
announced back in July 2018 that they will deploy 5G coast-to-coast to compete against its main
competitors AT&T and Verizon to offer 5G only (including VoIP and IPv6) to the enterprise sector
where it is expecting to take a bigger share of the US market. Deutsche Telekom in Germany
announced in September 2018 that they will offer 5G to the industry zones where manufacturing is
happening, as their focus in the past has been just on downtown areas where the majority of the 4G
users are concentrated. An important technical element is that keeping 4G along with 5G will require
3G to be maintained as well for voice, as 4G did not have voice built-in. This was fixed in 5G by
having voice built-in, therefore there is no need to keep both 4G and 3G, thereby reducing Capex and
Opex dramatically. The author together with Huawei have written an ETSI ISG (Industry
Specification Group) document on the use of 5G and IPv6 exclusively in Annex I as a
recommendation the MNOs assembling the major best practices and large scale deployment of 4G
using IPv6.

3

Standards Developing Organisations
ARIB (Association of Radio Industries and Businesses, Japan), ATIS (Alliance for Telecommunications Industry Solutions,
US), CCSA (China Communications Standards Association), ETSI, (European Telecommunications Standards Institute),
TSDSI (Telecommunications Standards Development Society, India), TTA (Telecommunications Technology Association,
Korea), TTC (Telecommunication Technology Committee, Japan)
4
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T-Mobile and Deutsche Telekom have decided to move to 5G in large-scale for their own business
case and it will be very likely the model used by all MNOs, not waiting for the verticals that will
happen later when all their use cases and business incentives have been demonstrated and validated.
The Luxembourg government announced in September 2018 the deployment of 5G in five selected hot
spots due to the upcoming elections in October: https://www.wort.lu/fr/economie/une-strategie-pourla-5g-au-luxembourg-5b9a7023182b657ad3b92a7b
A new H2020 pilot project called 5G-DRIVE between the EU and China in the area of V2X starting in
September 2018 with funding from the EU for 6 M€ and 80 M$ from the Chinese side; 95% of the
funding coming from the Chinese industry led by China Mobile. Some partners from the EXCITING
project are partners of 5G-DRIVE. This project will strengthen the co-operation between the 5G and
V2X/Autonomous driving community on both sides demonstrating the viability of one of the major
vertical markets, in accordance with common standards.

© EXCITING Consortium 2016-2018

Page 6 of 86

D3.4: Harmonisation of Standards for 5G Technologies, version 1.0

TABLE OF CONTENTS
EXECUTIVE SUMMARY.................................................................................................................... 3
TABLE OF CONTENTS....................................................................................................................... 7
LIST OF FIGURES ............................................................................................................................. 10
LIST OF TABLES ............................................................................................................................... 12
ABBREVIATIONS .............................................................................................................................. 13
1

2

INTRODUCTION ...................................................................................................................... 16
1.1

Motivation .......................................................................................................................... 16

1.2

Objectives of this deliverable ............................................................................................. 17

STANDARDISATION ESSENTIALS ..................................................................................... 18
2.1

2.1.1

3

Objectives of Standardisation ............................................................................................. 18
Categories of Standards .......................................................................................................... 18

2.2

Benefits and Disadvantages of Standards .......................................................................... 20

2.3

Standards, Patents, and IPR ................................................................................................ 21

2.4

Objectives of Standards Harmonisation ............................................................................. 22

APPROACHES TO STANDARDISATION ........................................................................... 23
3.1

3.2

Europe ................................................................................................................................ 23
3.1.1

Main Standards Bodies ...................................................................................... 23

3.1.2

IPR Strategy and Status...................................................................................... 37

3.1.3

5G-related standardisation activities .................................................................. 37

China .................................................................................................................................. 38
3.2.1

Main Standards Bodies ...................................................................................... 38

3.2.2

Reform of the Standardisation system ............................................................... 40

3.2.3

IPR Strategy and Status...................................................................................... 41

3.2.4

5G-related standardisation activities .................................................................. 41

3.2.5

Related Industrial Programs and Initiatives ....................................................... 42

3.3

China’s European Investment Strategy .............................................................................. 45

3.4

EU-China Comparison ....................................................................................................... 46
3.4.1

IMT-2020 (5G) Promotion Group ..................................................................... 46

3.4.2

CCSA ................................................................................................................. 46

3.4.3

ETSI ................................................................................................................... 46

3.4.4

NetWorld2020 .................................................................................................... 46

3.4.5

5GAA (5G Automotive Association) ................................................................ 46

3.4.6

5G-ACIA (5G Alliance for Connected Industries and Automation) ................. 46

© EXCITING Consortium 2016-2018

Page 7 of 86

D3.4: Harmonisation of Standards for 5G Technologies, version 1.0

4

THE WIRELESS COMMUNICATIONS MARKET ............................................................ 47
4.1

4.2
5

6

7

5G and The Big Four .......................................................................................................... 47
4.1.1

Ericsson .............................................................................................................. 47

4.1.2

Nokia .................................................................................................................. 47

4.1.3

Huawei ............................................................................................................... 48

4.1.4

ZTE .................................................................................................................... 49

Mobile infrastructure market evolution .............................................................................. 50

EU-CHINA HARMONISATION OF 5G STANDARDS ....................................................... 53
5.1

Pre-requisites for Harmonisation........................................................................................ 53

5.2

Europe 5G priorities ........................................................................................................... 53

5.3

China 5G priorities ............................................................................................................. 54

5.4

The ITU and Spectrum (IMT-2000 – IMT-Advanced – IMT-2020) ................................. 54
5.4.1

5G Capability Perspectives from the ITU-R IMT-2020 Vision ........................ 55

5.4.2

IMT-2020 Standardisation Process – Where we are and what is ahead ............ 56

5.4.3

Detailed Timeline & Process For IMT-2020 in ITU-R ..................................... 56

5.4.4

Various millimetre wave bands are being considered ....................................... 58

5.4.5

Barriers to harmonisation ................................................................................... 58

SUMMARY AND CONCLUSIONS ........................................................................................ 60
6.1

Opportunities for 5G Standards Harmonisation ................................................................. 60

6.2

The Way forward................................................................................................................ 60

ANNEX - IPV6-BASED 5G MOBILE WIRELESS INTERNET ......................................... 63
7.1

7.1.1

Introduction ........................................................................................................................ 63
IPv6 Transition Strategies in Mobile Networks ..................................................................... 64

7.2

7.3

World Wide 5G Initiatives ................................................................................................. 65
7.2.1

Introduction ........................................................................................................ 65

7.2.2

Next Generation Mobile Networks (NGMN) .................................................... 65

7.2.3

3rd Generation Partnership Project (3GPP) ....................................................... 66

7.2.4

Internet Engineering Task Force (IETF) ............................................................ 68

7.2.5

5G Infrastructure Public Private Partnership (5G-PPP) ..................................... 70

7.2.6

Focus Group on network aspects of IMT-2020 (FG IMT 2020) ....................... 71

Best Cases on IPv6 Transition Strategies in Cellular Networks ........................................ 71
7.3.1

Introduction ........................................................................................................ 71

7.3.2

US Operators: Example 1 .................................................................................. 72

7.3.3

US Operators: Example 2 .................................................................................. 73

7.3.4

EU Operators: Example 1 .................................................................................. 73

© EXCITING Consortium 2016-2018

Page 8 of 86

D3.4: Harmonisation of Standards for 5G Technologies, version 1.0

7.3.5

EU Operators: Example 2 .................................................................................. 73

7.3.6

EU Operators: Example 3 .................................................................................. 74

7.3.7

EU Operators: Example 4 .................................................................................. 75

7.3.8

China Operators: Example 1 .............................................................................. 75

7.3.9

China Operators: Example 2 .............................................................................. 76

7.3.10

Content Delivery Network Providers: Example 1 ............................................. 76

7.3.11

Content Delivery Network Providers: Example 2 ............................................. 76

7.3.12

Social Media Providers: Example 1 ................................................................... 76

7.3.13

Example of Web Performance Improvement in Cellular Networks using IPv6 78

7.4

5G and Internet of Things (IoT) ......................................................................................... 80

7.5

Possible IPv6 Transition Strategies in 5G .......................................................................... 80

7.6

Lessons Learned ................................................................................................................. 81

7.7

Conclusions ........................................................................................................................ 82

REFERENCES ..................................................................................................................................... 83

© EXCITING Consortium 2016-2018

Page 9 of 86

D3.4: Harmonisation of Standards for 5G Technologies, version 1.0

LIST OF FIGURES
Figure 1: Europe exponential traffic growth .................................................................................................... 16
Figure 2: Revenue from eMBB (80-90%)........................................................................................................ 17
Figure 3: Overall 5G Architecture: a) 5G system (5GS); b) 3GPP Option 3 ............................................. 24
Figure 4: 3GPP definition of 5G: LTE evolution and New Radio (NR), supporting new usage
scenarios [8] .......................................................................................................................................................... 26
Figure 5: Main initial 5G deployment options ................................................................................................ 28
Figure 6: Medium-/Long-term migration paths .............................................................................................. 28
Figure 7: Main migration strategy in Europe: From 3GPP NSA Option 3x to 3GPP NSA Option 7 .... 29
Figure 8: Other possible migration strategy: From 3GPP NSA Option 3x to 3GPP NSA Option 4 ...... 29
Figure 9: NG-RAN and Core Function Splits in 3GPP Standard ................................................................. 30
Figure 10: Overall NG-RAN architecture ........................................................................................................ 30
Figure 11: 4G/5G User Plane protocol stack ................................................................................................... 31
Figure 12: 4G/5G Control Plane protocol stack .............................................................................................. 31
Figure 13: 5G Core (5GC) functions and interface ........................................................................................ 32
Figure 14: E2E QoS management and 5GC Slicing ....................................................................................... 33
Figure 15: 3GPP RAN Support for Network Slicing ..................................................................................... 34
Figure 16: NG-RAN Slicing............................................................................................................................... 34
Figure 17: Key hierarchy generation in 5GS ................................................................................................... 35
Figure 18: E2E Security Enhancement with 5G Evolution ........................................................................... 35
Figure 19: 3GPP NSA Option 3 and SA Option 2 security deployments ................................................... 36
Figure 20: 3GPP NSA Option 7 and NSA Option 4 security deployments ................................................ 36
Figure 21: Evolution of selected SEP family filings at ETSI per year [9] .................................................. 37
Figure 22: Relationship between CCSA, SAC, and MIIT [12] .................................................................... 39
Figure 23: Relationship between CCSA and other SDOs [12] ..................................................................... 39
Figure 24: Chinese investment in the European Union by Sector [25] ....................................................... 45
Figure 25: Top Five Telecommunications Equipment vendors in 5G Network Trials [37] .................... 49
Figure 26: Wireless infrastructure suppliers – Turmoil and consolidation vs. continuity ........................ 50
Figure 27: Mobile Network Infrastructure market shares by manufacturer 2007-2017 [35] [36] .......... 50
Figure 28: Mobile Infrastructure (RAN) market share evolution by manufacturer 2000-2015 [38] ...... 51
Figure 29: EU-28 Telecommunications equipment trade with China between 2000 and 2017 [39] ...... 51
Figure 30: EU-28 Telecommunications services trade with China between 2010 and 2016 [40] .......... 52
Figure 31: ITU main bodies ............................................................................................................................... 55
Figure 32: ITU IMT2020 5G KPIs and user scenarios .................................................................................. 55
Figure 33: ITU IMT2020 standardisation process .......................................................................................... 56
Figure 34: ITU-R IMT2020 5G Roadmap ....................................................................................................... 56
Figure 35: ITU-R WRC-19 Future bands......................................................................................................... 57
Figure 36: Frequencies drivers (FCC, Ofcom and ITU-R) ............................................................................ 58
Figure 37: BCG Playbook for Europe .............................................................................................................. 61

© EXCITING Consortium 2016-2018

Page 10 of 86

D3.4: Harmonisation of Standards for 5G Technologies, version 1.0

Figure 38: BCG – Smart Rollout can reduce network costs.......................................................................... 62
Figure 39: BCG – 5G Key drivers and disruptive capabilities ..................................................................... 64
Figure 40: Non-Roaming 5G System Architecture in reference point representation, based on 3GPP
TS 23.501 .............................................................................................................................................................. 67
Figure 41: 5G Architecture .................................................................................................................... 70

© EXCITING Consortium 2016-2018

Page 11 of 86

D3.4: Harmonisation of Standards for 5G Technologies, version 1.0

LIST OF TABLES
Table 1: GPD impact outweighs Telco investment ................................................................................. 3
Table 2: Different standards-setting entities and their resulting standards [3] ...................................... 18
Table 3: Overview of possible advantages and disadvantages of standards [4] .................................... 21
Table 4: Time line for Release 14, 15 and 16 on Next Generation Networks/Systems......................... 66

© EXCITING Consortium 2016-2018

Page 12 of 86

D3.4: Harmonisation of Standards for 5G Technologies, version 1.0

ABBREVIATIONS
3GPP
5G
5GAA
5G-ACIA
5G IA
5GMF
5G-PPP
5GTF
5G TSA
AI
AIOTI
ARIB
ATIS
AQSIQ
BBF
BRI
CAE
CAICT
CAICV
CCSA
CEN
CENELEC
CEPT
C-ITS
C-ITS
CNCA
CPC
CSA
DECT
DG
ECC
eMBB
eMBMS
EPC
EPO
ERA
ESO
ESS
ETSI

Third Generation Partnership Project
Fifth-generation (wireless communications system)
5G Automotive Association
5G Alliance for Connected Industries and Automation
5G Infrastructure Association (Europe)
Fifth Generation Mobile Communications Promotion Forum (Japan)
5G Public Private Partnership (Europe9
5G Technical Forum (US)
5G Open Trial Specification Alliance (S. Korea)
Artificial Intelligence
Alliance for the Internet of Things Innovation (Europe)
Association of Radio Industries and Businesses (Japan)
Alliance for Telecommunications Industry Solutions
General Administration of Quality Supervision, Inspection and
Quarantine of the People's Republic of China
Broadband Forum
Belt & Road Initiative
Chinese Academy of Engineering
China Academy of Information and Communications Technology
China Industry Innovation Alliance for the Intelligent and Connected
Vehicles
China Communications Standards Association
European Committee for Standardisation
European Committee for Electrotechnical Standardisation
European Conference of Postal and Telecoms Administrations
Co-operative Intelligent Transport Systems
China ITS Industry Alliance
Certification and Accreditation Administration of the People's
Republic of China
Central Committee of the Communist Party of China
Coordination & Support Action
Digital Enhanced Cordless Telecommunications
Directorate General (European Commission)
Electronic Communications Committee (Europe)
Enhanced Mobile Broadband
Evolved Multimedia Broadcast Multicast Service
Evolved Packet Core
European Patent Office
European Railway Agency
European Standards Organisation
European Standardisation System
European Telecommunications Standards Institute

© EXCITING Consortium 2016-2018

Page 13 of 86

D3.4: Harmonisation of Standards for 5G Technologies, version 1.0

FIE
FSS
GDP
GSA
GSC
GSM
GSMA
H2020
HAPS
HS
ICT
IEC
IEEE
IETF
IMT
IMT-2020
IoT
IoV
IPR
IPv4
IPv6
ISG
ISO
ITS
ITU
ITU-D
ITU-R
ITU-T
LTE
M2M
MEC
MEF
MIIT
MMTC
MNO
MOH
MOST
MOT
MTC
NDRC
NFV
NGMN
NR
NSA

Foreign-Invested Enterprise
Fixed Satellite Services
Gross Domestic Product
Global mobile Suppliers Association
Global Standards Collaboration
Global System for Mobile
GSM Association
Horizon 2020 EU Research and Innovation programme
High Altitude Platform Stations
Harmonised Standard
Information and Communication Technologies
International Electrotechnical Commission
Institute of Electrical and Electronics Engineers
Internet Engineering Task Force
International Mobile Telecommunications
Next-generation IMT System (5G)
Internet of Things
Internet of Vehicles
Intellectual Property Rights
Internet Protocol version 4
Internet Protocol version 6
Industry Specification Group
International Organisation for Standardisation
Intelligent Transport Systems
International Telecommunication Union
ITU – Development Sector
ITU – Radiocommunications Sector
ITU – Telecommunications Sector
Long-Term Evolution (4G)
Machine-to-Machine
Mobile Edge Computing
Metro Ethernet Forum
Ministry of Industry and Information Technology (China)
Massive Machine-Type Communication
Mobile Network Operator
Ministry of Health (China)
Ministry of Science and Technology (China)
Ministry of Transport (China)
Machine-type communication
National Development and Reform Commission (China)
Network Functions Virtualisation
Next-Generation Mobile Network Alliance
New Radio
Non-standalone

© EXCITING Consortium 2016-2018

Page 14 of 86

D3.4: Harmonisation of Standards for 5G Technologies, version 1.0

OBOR
OECD
ONAP
OPNFV
oneM2M
PCT
PoC
PPDR
P.R.C.
QoS
QoE
RAN
RAT
RIOH
RNIS
RSPG
SAC
SAMR
SDO
SEP
TIAA
WFOE
WIPO

One Belt One Road
Organisation for Economic Co-operation and Development
Open Network Automation Platform
Open Platform for NFV
Global M2M Standardisation Alliance
Patent Co-operation Treaty
Proof of Concept
Public Protection and Disaster Relief
People's Republic of China
Quality of Service
Quality of Experience
Radio Access Network
Radio Access Technology
Research Institute of Highway (China)
Radio Network Information Service
Radio Spectrum Policy Group (Europe)
Standardisation Administration of China
State Administration for Market Regulation (China)
Standards Developing Organisation
Standard Essential Patent
Telematics Industry Application Alliance (China)
Wholly Foreign-Owned Enterprise
World Intellectual Property Organisation

© EXCITING Consortium 2016-2018

Page 15 of 86

D3.4: Harmonisation of Standards for 5G Technologies, version 1.0

1

INTRODUCTION

1.1

Motivation

The 45-year history of the mobile industry has been one of rapid growth and enormous value creation
for consumers, businesses, investors, and national economies. Even as mobile penetration matures in
most developed countries, growth and value generation are set to continue as more users come online
in emerging markets, and new uses - such as the Internet of Things (IoT), Augmented Reality (AR),
and Artificial Intelligence (AI) - enter the mainstream.
There is a big question, however: will the gains be broadly distributed, or will they be concentrated in
the two centres of gravity of today’s digital world - the US West Coast and the East Coast of China?
In addition, how can Europe become once again a centre of gravity after its great success of GSM?
Europe faces three interconnected problems for mobile networks: exponential traffic growth,
unsustainable site densification, and little incentive to invest in building out networks.
Cellular traffic demand continues to grow exponentially, driven largely by video applications, and it is
expected that this growth will continue for at least the next decade. Traffic growth forecasts vary
among countries and operators, but according to the Cisco Visual Networking Index, consumed
gigabytes (GB) per user per month ranged from 0.7 GB to 4.4 GB at the end of 2017, and growth rates
are expected to range from 30% to 58% annually until 2021 (see Figure 1). The BCG’s case
experience confirms this view.

Figure 1: Europe exponential traffic growth
According to the BCG in their interviews with 50 CEOs of the largest MNOs, they see diverging
opinions on the investment in 5G and some are struggling to make the business case for 5G:

•

“Verizon estimates the market opportunity for initial 5G residential broadband services to be
approximately 30 million households nationwide”
Hans Vestberg, Verizon CTO at CES 2018
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•

“The investment in 5G is not easy if there is no innovative business model”
Park Jin-hyo, SK Telecom CTO in 2018

•

“I talk to other CEOs around the world and we’ve all been struggling a little bit making the
5G business case work”
Gavin Patterson, BT CEO at BBFM 2017

The BCG shows in the following chart that eMBB will be generating 80-90% of the revenues by 2025
while the verticals using mMTC and URLCC will generate 10-20%. This confirms that there is a lot of
work to be done to get the verticals to adopt the 5G ambitions of the 5G-PPP and 5G IA:

Figure 2: Revenue from eMBB (80-90%)

1.2

Objectives of this deliverable

This document summarises the findings of Phase 2 of Task 3.1, which aims to identify global
standardisation opportunities for 5G, with a focus on Europe and China.
In this deliverable, we review and compare the general and 5G-specific standardisation and IPR
strategies in the EU and China and identify the focus areas in which harmonisation of 5G standards
should be addressed.
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2

STANDARDISATION ESSENTIALS

2.1

Objectives of Standardisation

Standardisation is the process of implementing and developing technical standards based on the
consensus of different parties that include firms, users, interest groups, Standards Developing
Organisations (SDOs) and governments [1].
Technical standards are formal documents that establish uniform engineering or technical criteria,
methods, processes and practices developed through an accredited consensus process [2].
Standards should be:
•

Developed based on guiding principles of openness, balance, consensus, and due process.

•

Established in order to meet technical, safety, regulatory, societal and market needs.

•

Catalysts for technological innovation and global market competition.

2.1.1

Categories of Standards

There are three broad categories of standards-setting entities: single companies, formal SDOs, and
forums or consortia. The type of entity responsible for a standard usually has implications for the
status of that standard, particularly regarding its degree of openness. Table 2 provides a general
overview of the different types of standards-setting entities and the nature of their standards [3].

Table 2: Different standards-setting entities and their resulting standards [3]
2.1.1.1 Standards developed by single companies
Standards developed by a single company are also known as “proprietary specifications”. The firm
retains full control over the specifications and their future evolution, typically not allowing others to
participate, or setting the rules by which others can participate but keeping the final say. Such
specifications, to their developers, have the benefit that they can be developed, published and taken to
market faster than their consensus-based counterparts (which allow input from many competing
interests), and they may be optimised to serve the specific interests of the firm developing them. If a
“proprietary specification” comes into widespread use (assuming the owner has allowed this to happen
by granting licences to intellectual property), it can translate into a strong source of revenue, or
provide other benefits. It is important to note that these “proprietary specifications” are not the same as
collaboratively-developed standards, and the owner of any related patents is not subject to the specific
licensing constraints (such as ‘RAND’, which will be discussed later).
Since standardisation is essentially a voluntary activity, any company (or group of companies) can
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develop its own specification or standard.
When these publicly available specifications or standards become very successful in terms of market
acceptance (or adoption) they may be referred to as ‘de facto standards. Growth in popularity as a
measure of determining whether a technique or technology has become a de facto standard is a
significant element of informal standardisation, as opposed to more formal standardisation processes
whereby standards are approved or declared by designated entities.
The company that developed a specification will decide whether it wants to promote and facilitate
others’ adopting it or, alternatively, ‘keep the standard to itself’. A company will choose the first
scenario if it believes it stands to benefit from sharing the specification with others, because it wants to
create a wider, more attractive market and platform for all companies, itself included, or because it
wants to encourage the development of complementary devices, software, service or content.
2.1.1.2 Standards developed by SDOs
Underlining the importance of an open, accessible standards-setting system, many national authorities
have established and/or formally recognised certain national or international standards bodies. Such
organisations are generally known as SDOs [3]. National SDOs are usually membership-driven bodies
that bring together standardisation experts – often from competing companies and from governments,
academia and civil society – to develop standards in response to priorities determined by public- or
private-sector members. Some regional or global SDOs permit direct participation from private-sector
entities by granting them membership, while others facilitate indirect private-sector participation via
national SDOs (usually “the national body most representative of standardisation in its country”). In
the latter case, SDOs delegate to National Committees the role of representing the interests of all
national stakeholders, including entities in the private sector.
SDOs establish rules governing rights to participate in the standards-development process, consensusbased procedures for decision-making, the open availability of standards’ specifications, and often also
policies on patents’ interaction with standards. Standards are finalised through an approval process
conducted by the membership, the secretariat or a combination of the two, most often through a
consensus-based approach.
Important international SDOs are the International Organisation for Standardisation (ISO), which
covers almost all technical areas; the International Electrotechnical Commission (IEC), which focuses
on electrical, electronic and related technologies, and the International Telecommunication Union
(ITU), which focuses on ICT.
ITU, ISO and IEC collaborate under the banner of the World Standards Co-operation (WSC) to ensure
the efficient coordination of their international standardisation work. ITU also works to harmonise
national and regional standards, and here the Global Standards Collaboration (GSC) is the mechanism
giving direction to the global coordination of standards development by assembling key international,
regional and national standards bodies in the telecom and radiocommunication fields.
2.1.1.3 Standards developed by forums and consortia or quasi-formal SDOs
Forums, consortia and other informal industry associations (considered similar for the purposes of this
publication) are especially prevalent in the ICT industry. They are often established in the belief that
informal co-operation among a smaller group of like-minded organisations can more quickly achieve
an outcome satisfying all participants. Among other functions they carry out in the service of
members’ common interests, sector-specific industry associations respond to demands from member
companies to develop technical standards. As such, these organisations lie somewhere between single
companies that develop standards and formal SDOs. Some organisations are established specifically to
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develop a single standard, while others are designed to have a long lifespan or serve a wider
technology area.
There are a large number of active standardisation consortia across the world, some national or
regional in scope, some global. The live inventory of standards-setting entities maintained by Andrew
Updegrove [3] currently includes over 1’000 organisations developing, promoting or supporting ICT
standards, of which the majority can be characterised as consortia.
Consortia differ in their degree of exclusivity. Some are open to everyone interested in participating in
the standards-development process, satisfying many, if not all, of the ‘open standards’ criteria listed in
[4]. An example is the Organisation for the Advancement of Structured Information Standards
(OASIS). Other types of consortia are more exclusive, restricting participation or access to standards
to invitees only, holding closed meetings or only accepting members who meet certain criteria. There
are some very large, successful standards bodies that fall into the ‘consortium’ category. These bodies
are similar to formal SDOs in most respects other than not being formally recognised by national
authorities, and could hence be termed ‘quasi-formal SDOs’. These organisations include the Internet
Engineering Task Force (IETF), responsible for the Internet Protocol suite (TCP/IP), and the World
Wide Web Consortium (W3C), the source of the standards underlying the Web.

2.2

Benefits and Disadvantages of Standards

The economic impact of standards has been widely researched, and the potential benefits of standards
are undisputed. Common and open standards ensure the interoperability of systems, devices,
applications, and services, foster innovation, and lower market entry barriers. Effective interoperability
guarantees that connected devices such as cars, phones, appliances and industrial equipment can
communicate seamlessly with each other, regardless of manufacturer, operating system, or other
technical components.
Benefits of standards:
•

Safety and reliability – Adherence to standards helps ensure safety, reliability and
environmental care. As a result, users perceive standardised products and services as more
dependable – this in turn raises user confidence, increasing sales and the take-up of new
technologies.

•

Support of government policies and legislation – Standards are frequently referenced by
regulators and legislators for protecting user and business interests, and to support
government policies. Standards play a central role in the European Union's policy for a
Single Market.

•

Interoperability – the ability of devices to work together relies on products and services
complying with standards.

•

Business benefits – standardisation provides a solid foundation upon which to develop new
technologies and to enhance existing practices. Specifically, standards:
o Open up market access
o Provide economies of scale
o Encourage innovation
o Increase awareness of technical developments and initiatives

•

Consumer choice - standards provide the foundation for new features and options, thus
contributing to the enhancement of our daily lives. Mass production based on standards
provides a greater variety of accessible products to consumers.

Standards serve the public interest in a variety of ways, and several scholars have worked on
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quantifying the economic impact of standards, a task made very challenging by the multifaceted nature
of standards’ effects on production, trade and technological progress. It is also important to realise that
standards can have undesirable ‘side effects’.
In [4], the ITU-T identifies a number of potential disadvantages of standards, namely:
•

Transfer of power to standardisation participants

•

Market protection and obstruction of market access

•

Reluctance to adopt new or improved standards

•

Loss of variety

Table 3 provides a brief overview of standards’ possible advantages and disadvantages (from [4]).

Table 3: Overview of possible advantages and disadvantages of standards [4]

2.3

Standards, Patents, and IPR

Intellectual property rights (IPR) and technical standards are essential ingredients in driving market
growth, mutually beneficial trade and economic development. And while the two systems seem at
cross-purposes – intellectual property consolidating innovation’s financial returns in the hands of
inventors; standards publishing specifications designed for global adoption – both play
complementary roles in providing a basis for iterative innovation and technological advance.
Managing the incorporation of patented technology in ICT standards demands a precise balance of the
interests of IPR holders and standards implementers. IPR holders need an assurance of reasonable
compensation for the adoption of their IPR-protected innovations to motivate their contribution of
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such innovations to standards development processes. Potential standards implementers similarly
require the security of a reasonable IPR licensing fee to motivate their conformance with standards.

2.4

Objectives of Standards Harmonisation

Until the early 2000s, it was a commonly held view that block-harmonised standards encourage
international trade and that country-specific standards are barriers to trade [5]. The rationale was that
complying with multiple standards would slow down product development, complicate the
manufacturing process, and result in redundant testing which would lead to higher cost for
manufacturers and higher prices for customers, which would in turn restrict market adoption. This
theory was eventually refuted [5].
Portugal-Perez et al. [5] studied the effect on trade of European standards that are internationally
harmonised against those that are not. They found that internationally harmonised EU standards
expand EU imports of electronic products. Conversely, European standards that are not aligned with
international norms have a lower effect on EU imports, or even a negative one. Developing countries
in East Asia are the major exporters of electronic products to the EU and, thus, are major beneficiaries
of international harmonisation of standards.
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3

APPROACHES TO STANDARDISATION

In this chapter, we present the major SDOs that were identified in Deliverable D3.3 and review their
standardisation strategies, with a focus on the standards development and dissemination processes, the
level of openness and transparency, and the handling of IPR.

3.1

Europe

ICT standardisation is a cornerstone of the Digital Single Market Strategy adopted by the European
Commission (EC) to strengthen Europe’s productivity and competitiveness in the global digital
economy. 5G Communications and the IoT are two of the five key ICT standardisation priorities that
have been identified by the Commission [6].
In Europe, standards result from voluntary co-operation between industry, academia, public authorities
and other interested parties. There is no government intervention in standards setting. In the view of
the Commission, it is also not, and should not be, an antitrust agency’s role to interfere with the nature
of the standards-setting process, unless there are competition concerns, such as issues of collusion and
exclusion by anti-competitive coordination or IPR-related abuses. The role of the competition
authorities in the latter is not to impose a specific IPR policy on standards bodies, but to indicate
which elements may, or may not, be problematic [7].
There are three different categories of standard:
•

International standard: A standard adopted by an international standardisation organisation

•

European standard: A standard adopted by a European standardisation

•

National standard: A standard adopted by a national standardisation body and made available
to the public

3.1.1

Main Standards Bodies

The European Standardisation System (ESS) comprises three European Standards Organisations
(ESOs), namely the European Committee for Standardisation (CEN), the European Committee for
Electrotechnical Standardisation (CENELEC), and the European Telecommunications Standards
Institute (ETSI).
ETSI is responsible for standardisation in the domain of Information and Communication
Technologies (ICT), CENELEC for Electrotechnical standardisation, and CEN for all other technical
areas.
All three organisation have agreements among themselves as well as with their international
counterparts (CEN with ISO, CENELEC with IEC, and ETSI with ITU-T) to ensure alignment
between respective standardisation activities.
As the development of European Standards for 5G is under the responsibility of ETSI, we will focus
on this body’s role, strategy, and activities in this document.
3.1.1.1 ETSI
Although ETSI is a regional standards organisation with a traditional focus on Europe, it encourages
global adoption of its standards where appropriate, and many ETSI standards are used worldwide.
Being one of the principal members of the 3 rd Generation Partnership Project (3GPP), its more than 25
Technical Committees and Working Groups contribute to the definition of the global 5G standard.
ETSI’s Committees and Working Groups are open to foreign participation. About 20% of ETSI’s 847
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members have no established operations in Europe, and many of the other 80% are headquartered
outside Europe.
ETSI co-operates with other SDOs, including the China Communications Standards Association
(CCSA), within the framework of the Global Standards Collaboration (GSC). The GSC brings
together the world’s leading telecommunications and radio standards organisations to share
information in a number of important technical areas. Its aim is to promote global standards
collaboration in these areas of common interest by enhancing co-operation, facilitating the exchange
of information on standards development, building synergies, and reducing duplication. The GSC is
not an SDO and therefore does not develop standards.
3.1.1.2 3GPP
3.1.1.2.1

5G Definitions and Standard updates

5G Wireless is defined by the 3GPP Release 15 (R15) and later releases (R16, 17, etc.) of Long-Term
Evolution (LTE) and New Radio (NR) mobile communication systems. It is thus an LTE advanced pro
evolution and a NR technology that adds to existing networks in a 3GPP Non-Stand Alone (NSA) or
3GPP Stand Alone (SA) architecture configuration.
3GPP proposes its standards to be adopted by the ITU, being compliant with the International Mobile
Telecommunications (IMT) for 2020 and beyond (ITU IMT 2020), which expands and supports
diverse usage scenarios and applications with respect to current mobile network generations, purposed
primarily for voice, mobile internet and video experience.
The Next Generation Radio Access Network (NG-RAN) represents the newly defined radio access
network for 5G, and provides both NR and LTE radio access, see Figure 3.
An NG-RAN node (i.e. base station) is either:
•

A gNB (i.e. a 5G base station), providing NR user plane and control plane services; or

•

An ng-eNB5, providing LTE/E-UTRAN6 services towards the User Equipment (UE).

The 5G System (5GS) consist of NG-RAN and 5G Core Network (5GC), as shown in Figure 3:
NG-RAN in relation to the 5G System

3GPP Option 3 | LTE-NR Dual Connectivity (EN-DC)

NG

S1-U
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NG
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Figure 3: Overall 5G Architecture: a) 5G system (5GS); b) 3GPP Option 3
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ng-eNB (Next generation eNodeB)
E-UTRAN (Evolved Universal Terrestrial Radio Access)
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The NG RAN operates in both so-called “Stand-Alone” (SA) operation and “Non-Stand-Alone”
(NSA) operation. In SA operation, the gNB is connected to the 5G Core Network (5GC); in NSA
operation, NR and LTE are tightly integrated and connect to the existing 4G Core Network (EPC),
leveraging Dual Connectivity (DC) toward the terminal. In a DC architecture, a Master Node (MN)
and a Secondary Node (SN) concurrently provide radio resources towards the terminal for an
enhanced end-user bit rate (speed or throughput).
Moreover, 3GPP has defined the following architecture configurations on top of the first option above:
•

Option 2: NR gNB connected to 5GC
In this option, the gNBs are connected to the 5GC through the NG interface. The gNBs interconnect
through the Xn interface.
•

Option 3: Multi-RAT7 DC with EPC
In this option, commonly known as LTE-NR Dual Connectivity (EN-DC), a UE is connected to an
eNB that acts as a Master Node (MN) and to an en-gNB that acts as a Secondary Node (SN). An engNB is different from a gNB in that it only implements part of the 5G base station functionality, which
is required to perform SN functions for EN-DC. The eNB is connected to the EPC via the S1 interface
and to the en-gNB via the X2 interface. The en-gNB may also be connected to the EPC via the S1-U
interface and to other en-gNBs via the X2-U interface. Note that the en-gNB may send UP8 to the EPC
either directly or via the eNB.
•

Option 4: Multi-RAT DC with the 5GC and NR as Master
In this option, a UE is connected to a gNB that acts as a MN and to an ng-eNB that acts as an SN. This
option requires the 5G Core to be deployed. The gNB is connected to 5GC and the ng-eNB is
connected to the gNB via the Xn interface. The ng-eNB may send UP to the 5G Core either directly or
via the gNB.
•

Option 5: LTE ng-eNB connected to 5GC
In this option, the ng-eNBs are connected to the 5GC through the NG interface. The ng-eNBs
interconnect through the Xn interface. Essentially this option allows the existing LTE radio
infrastructure (through an upgrade to the eNB) to connect to the new 5G Core.
•

Option 6: Multi-RAT DC with the 5GC and E-UTRA as Master
In this option, a UE is connected to an ng-eNB that acts as a MN and to a gNB that acts as an SN. The
ng-eNB is connected to the 5GC, and the gNB is connected to the ng-eNB via the Xn interface. The
gNB may send UP to the 5GC either directly or via the ng-eNB.
3.1.1.2.2

Family of usage scenarios

The family of usage scenarios for IMT-2020 and beyond for 5G includes:

7
8

1)

Enhanced mobile broadband (eMBB) - addressing human-centric use cases for access to
multimedia content, services and data,

2)

Ultra-reliable-low latency communications (URLLC) - with strict requirements,
especially in terms of latency and reliability, and

3)

Massive machine type communications (mMTC) - for a very large number of connected
devices and typically transmitting a relatively low volume of non-delay-sensitive
information.

RAT (Radio Access Technology
UP (User Plane)
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3.1.1.2.3

3GPP 5G Roadmap

As illustrated in Figure 4, the completion of the first 5G phase (Phase 1 or Release 15, R15) of the
NR access technology was in June 2018, in its NSA configuration [8]. The SA option was finalised in
September 2018. The 3GPP R15 supports eMBB and some elements of URLLC, e.g. flexible
numerology and reduced scheduling interval.
Both LTE and NR use orthogonal frequency-division multiplexing (OFDM) as the waveform.
LTE uses a fixed numerology of 15 kHz sub-carrier spacing (SCS) and operates below 6 GHz. The
new 5G radio is for all spectrum options. To this end, 5G supports a flexible numerology, which
consists of different Sub Carrier Spacing (SCS), nominal Cyclic Prefix (CP), and Transmission Time
Interval (TTI), or scheduling interval, depending on bandwidth and latency requirements. At higher
SCS, the symbol duration decreases, and hence also the length of a slot. The slot is the basic frame
structure at which most physical channels and signals repeat. In NR, slots can be complemented by a
“mini-slot” based transmissions to provide shorter and more agile transmission units than slots. In
LTE and NR a slot comprises 14 OFDM symbols, which leads to a slot length of 1 ms at 15 kHz SCS.
2014
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Figure 4: 3GPP definition of 5G: LTE evolution and New Radio (NR), supporting new usage
scenarios [8]
By using higher numerologies in NR, the slot duration decreases, which is beneficial for lower
latencies. The intention of NR is to support a mix of numerologies on the same carrier.
The second 5G phase (Phase 2 or Release 16, R16), supporting usage scenarios, including URLLC
and mMTC, will be frozen in Q1 of 2020, or later [8].
3.1.1.2.4

Spectrum

5G NR is expected to increase spectrum efficiency and support contiguous, non-contiguous, and much
broader channel bandwidths than available to current mobile systems. 5G NR will be the most flexible
way to benefit from all available spectrum options from 400 MHz to 90 GHz, including licensed,
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shared access and license-exempt bands, FDD and TDD9 modes, including Supplementary Uplink
(SUL), LTE/NR uplink sharing (ULS), and narrowband and wideband Carrier Components (CC).
A multi-layer spectrum approach is required to address such a wide range of usage scenarios and
requirements:

•

The "Coverage and Capacity Layer" relies on spectrum in the 2 to 6 GHz range
(e.g. C-band) to deliver the best compromise between capacity and coverage.

•

The "Super Data Layer" relies on spectrum above 6 GHz (e.g. 24.25-29.5 and 3743.5 GHz) to address specific use cases requiring extremely high data rates.

•

The "Coverage Layer" exploits spectrum below 2 GHz (e.g. 700 MHz) providing
wide-area and deep indoor coverage.

5G networks will leverage the availability of spectrum from these three layers at the same time, and
administrations are expected to make available contiguous spectrum in all layers in parallel, to the
greatest extent possible.
3.1.1.2.5

5G reference architecture and migration strategies

The most likely initial deployment options are illustrated in Figure 5
3GPP Option 3x (NSA LTE plus NR with EPC) is the configuration that, most likely, more carriers
(network operators) will adopt, due to minor investments for their initial 5G deployment, and so it is
by the local players in Australia. It supports eMBB and FWA10 usage scenarios and Voice over IP
(VoIP) over LTE (VoLTE), or Circuit Switch Fall Back (CSFB) to earlier network releases (3G, 2G).
The 3GPP Option 2 (SA NR with 5GC) is initially being adopted by only a few carriers globally. For
taking full advantage from it, a wide coverage rollout is needed, as the interoperation with 4G/EPS is
less efficient. Initial partial coverage rollouts may be more suitable for enterprise or overlay
deployments. In the long-term, it will support all scenarios (eMBB, URLLC, mMTC), plus other
functionalities than Option 3x, such as Network Slicing and Voice over NR (VoNR).
The medium-long-term migration path of 5G networks is illustrated in Figure 6. Ultimately, all
networks will converge to a 3GPP Option 2 architecture configuration (SA NR with 5GC).

9

FDD (Frequency Division Duplex), TDD (Time Division Duplex)j

10

FWA (Fixed Wireless Access)
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Figure 5: Main initial 5G deployment options
3GPP Option 3x | NSA LTE+NR with EPC

3GPP Option 7 | NSA eLTE+NR with 5GC
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Figure 6: Medium-/Long-term migration paths
There are basically two middle-term migration strategies, depending on the carriers’ spectrum
availability for deploying the NR:

1. From deployed 3GPP Option 3x (NSA LTE + NR with EPC) to 3GPP Option 7 (NSA
eLTE + NR with 5GC). The reasons to go for that are: Leverage 4G (LTE/EPC) installed
base; NR rollout driven by better service (not coverage); and evolved LTE (eLTE) for all wide
area coverage and all use cases. The draw backs are: Full Dual-Stack eNB/ng-eNB in LTE
RAN to EPC/5GC; LTE RAN upgrades to eLTE; and required Interworking between LTE and
NR. UE availability is also, currently, questionable. This migration scenario is shown in
Figure 7.
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Figure 7: Main migration strategy in Europe: From 3GPP NSA Option 3x to 3GPP NSA Option 7
2. From deployed 3GPP Option 3x (NSA LTE + NR with EPC) to 3GPP Option 4 (NSA NR +
eLTE with 5GC). This choice is driven by the availability of low band NR (<3 GHz, <1 GHz for
rural). The 5G services are launched with LTE+NR NSA on EPC, the NR and 5GC rollout are
driven by needs of 5G coverage; outside the NR coverage, 5G services may be provided by 3GPP
LTE NSA Option 4 with 3GPP Option 5 (SA eLTE with 5GC). The interworking between eLTE
and NR is also required. This migration scenario is shown in Figure 8.
(Option 5)
(e)LTE

EPC
(Other vendors)

EPC

NR
NR
(e)LTE

NR

(Other vendors)

LTE

LTE

NR coverage

NR
NR
(e)LTE

5GC
(Other vendors)
Standardised and
unified interface

Figure 8: Other possible migration strategy: From 3GPP NSA Option 3x to 3GPP NSA Option 4
As in previous mobile system generations, 3GPP defines a clear functional split between the Access
Network (NG-RAN) and Core Network (5GC) with the overall 5G System architecture defined in the
3GPP “System architecture for the 5G system; Stage 2”, 3GPP TS 23.501 v.15.2.0. and a more
convenient overview of the AN and CN functions in the 3GPP “Procedures for the 5G System; Stage
2”, 3GPP TS 23.502 v.15.2.0. The two network domains are separated by a standardised interface (N2
and N3) defined in a set of specifications, with the “NG-RAN; NG general aspects and principles”,
3GPP TS 38.410 v.15.0.0. as the overarching specification which enables multi-vendor RAN – CN
deployments. Also, this interface has been now unified, meaning that all next generation accesses
(trusted/untrusted fixed/mobile 3GPP access points) must support this interface.
The NG-RAN supports inter cell radio resource management (RRM), radio bearer (RB) control,
connection mobility control, radio admission control, measurements configuration and provisioning,
and dynamic resources allocation.
The 5GC is responsible for non-access stratum (NAS) security and idle state mobility handling; user
equipment (UE) IP address allocation and protocol data unit (PDU) control, and mobility anchoring
and PDU session management.
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The functional split between the NG radio and core domains is shown through Figure 9, where the
multi-vendor implementation (equipment from different vendors) of the corresponding functions is
also illustrated.

Figure 9: NG-RAN and Core Function Splits in 3GPP Standard

Figure 10: Overall NG-RAN architecture
Both the user plane and control plane architectures for NG-RAN follow the same high-level
architecture scheme, as depicted in Figure 10. Figure 11 and Figure 12 show the 3GPP 4G and 5G
protocol stacks for user and control plane, respectively. The two systems, with similar architecture,
also use the same protocols, except for the Service Data Adaptation Protocol (SDAP). The SDAP has
been introduced in 5G for flow based QoS, as described in the following sections. It provides mapping
between QoS flows and data radio bearers and marking QoS flow ID (QFI) in both DL and UL
packets. There is a single SDAP entity for each PDU session (GTP Tunnel).
In 4G, the non-access stratum (NAS) supports mobility management (MM) functionality and user
plane bearer activation, modification and deactivation; it is also responsible of ciphering and integrity
protection of NAS signalling. In 5G, NAS-MM supports registration management functionality,
connection management functionality and user plane connection activation and deactivation; as well as
ciphering and integrity protection of NAS signalling. NAS-Session Management (SM) is responsible
for user plane PDU Session Establishment, modification and release; it is transferred via the AMF, and
transparent to the AMF0.
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As in the previous 3GPP network releases, the NG-RAN and 5GC have crystal clear boundaries,
regardless the implementation. Hence security risks in NG-RAN are manageable as in previous RAN
generations. In Australia, the Huawei equipment are only in the access part of the network. The core
network is provided by other vendors, such as, for example, Nokia and Ericsson.
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3.1.1.2.6

5G core and slicing

The 5G Core (5GC) supports many new enabling network technologies. Among other fundamental
technology components, as depicted in Figure 13, the 5GC is characterised by a layered and serviceoriented architecture, with control plane (CP) and UP split, and interfaces to subscription, state and
policy data. Moreover, the 5GC supports: User plane session continuity, while the terminal moves
across different access points; interworking with untrusted non-3GPP access; a comprehensive policy
framework for access traffic steering, switching and splitting; and wireless-wireline convergence.
Policy
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Data
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Figure 13: 5G Core (5GC) functions and interface
The separation of control and user planes provides deployment flexibility and independence. The
distribution of core functionality, especially user plane functions, closer to the radio nodes, i.e. at the
edge of the network, enables the placement of applications in the proximity of the end-user, reducing
transport network load and latency. The service-based architecture – including the related Network
Repository Function (NRF) for 5GC control plane functions – allows flexible addition and extension
of network functions. Slicing and related Network Slice Selection Function (NSSF) enable a flexible
assignment of users to different network slice instances that may be tailored to different use cases. The
5GC also supports unified subscriber management, authorisation and authentication functions.
The NG-RAN is not aware of any end user data: as in earlier network generations, all user plane and
signalling traffic is transparently forwarded to the 5GC through secure tunnels and third-party security
gateways, as detailed in the next session.
Other fundamental 5G enabling technologies, end to end, are: Flow based QoS, with a much higher
level of granularity than LTE which is limited to the bearer service concept (single pipe between
terminal and core network); multi-connectivity, where the 5G device can be connected simultaneously
to 5G, LTE, and WiFi, offering a higher user data rate and a much more reliable connection; terminal
assisted Network Slicing, and E2E network management and orchestration, with in-built support for
cloud implementation and edge computing. The 5G flow based QoS and slicing concepts are
illustrated in Figure 14. The NG-RAN and UE are only Slice and QoS aware. Slices consisting of
chains of virtual network functions (VNFs) are supported by the 5GC only.
3GPP for terminal (UE) assisted network slicing defines a new parameter denoted as Single-Network
Slice Selection Assistance Information (S-NSSAI). Each S-NSSAI assists the network in selecting a
network slice instance. The S-NSSAI is composed by the following attributes:
•

Slice/Service Type (SST): 1 (eMBB), 2 (URLLC), 3 (MIoT) are the standardised values for
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roaming; operator specific settings are also possible;
•

A Slice Differentiator (SD): Tenant ID, for further differentiation during the NSI selection.
Standardised and
unified interface
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aware only

NG-RAN
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Figure 14: E2E QoS management and 5GC Slicing
The Network Slice Selection Assistance Information (NSSAI) consists of a collection of S-NSSAIs.
Maximum eight S-NSSAIs may be sent in signalling messages between the UE and the Network. The
NSSAI is configured (Configured NSSAI) in the UE per Public Land Mobile Network (PLMN) by the
Home PLMN (HPLMN).
The terminal uses the Requested NSSAI (UE) during the Registration Procedure and the Allowed
NSSAI, received from the Access and Mobility Function (AMF), within its Registration Area (RA).
The RA allocated by the AMF to UE has homogeneous support of network slices. The 5GC supports
AMF level slicing per UE type, and SMF and UPF level slicing per Service or per Tenant, based on SNSSAI and DNN.
IP Flows are mapped onto QoS Flows which are mapped onto one or more data radio bearers (DRBs).
DRBs are associated to one PDU Session which is mapped onto one S-NSSAI. The S-NSSAI is
mapped onto one Network Slice Instance (NSI), i.e. one Network Slice; and the NSI is mapped onto a
single Data Network Name (DNN). However, it is not true for the vice versa, as described in the
following text. This is how 5G handles the 5G flow based QoS within a given NSI.
The NG-RAN is aware of the slice at PDU Session level, because the S-NSSAI is included in any
signalling message containing PDU Session information. Pre-configured slices enabling in terms of
NG-RAN functions is implementation dependent.
An example of NG-RAN slicing is depicted in Figure 16. The medium access control (MAC)
scheduling - based on radio resource management (RRM) policy related to the servile level agreement
(SLA) in place, between communication service provider and tenant, for the supported slice and QoS
differentiation within the slice - is vendor dependent. The 5GC has full control of slice and QoS
management, end to end (E2E).
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Figure 15: 3GPP RAN Support for Network Slicing
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Figure 16: NG-RAN Slicing
3.1.1.2.7

5G security aspects

5G System security is based on the well-established and proven 4G/EPS security, which has been
further enhanced. NAS security and keying hierarchy are as in 4G. NAS security is established via the
3GPP Authentication and Key Agreement between NAS entities in UE and CN (AMF). Figure 17
shows the 5GS keying hierarchy, which is comparable to 4G for the functionality towards the RAN,
i.e. all keys for the Access Stratum (AS = RAN or AN) are derived from the NAS security parameters
inside the Core Network and signalled the RAN. The main new model of the 5GS is on how the
security functionality is decomposed and distributed inside the Core Network. This enables also that
the globally unique 5G Subscription Permanent Identifier (SUPI, which is comparable to the IMSI 11 of

11

IMSI (international mobile subscriber identity)
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earlier system generations) is always signalled encrypted via the RAN towards the CN. It is decrypted
by the home-PLMN and delivered from there to the serving Core Network for any user service,
management and regulatory purposes. In contrast to earlier system generations, where the IMSI was
used in the RAN for recovering from network failures and enabled thereby certain attacks, the 5G
System never exposes the SUPI to the RAN nor does it transfer it in clear via the radio. Further, 3GPP
5G Release 15 adds an option to perform user plane integrity protection between UE to gNB. And, in
3GPP Release 16, security algorithms use up to 256-bit keys, see Figure 18.

Figure 17: Key hierarchy generation in 5GS
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Figure 18: E2E Security Enhancement with 5G Evolution
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Also, as in 4G, the transport network layer within the RAN and between RAN and core network
domains is protected using IPSec tunnels. Examples of security deployment scenarios for 3GPP NSA
Option 3x (which is the same as with 4G) and SA Option 2, NSA Option 7 and NSA Option 4,
architecture configurations are illustrated in Figures 19 and 20, respectively. As shown in the figures,
here with 3GPP Option 2 as an example, the 5G system RAN related transport adopts the same means
as 4G and therefore, for this aspect, it has the same level of security as 4G and as 3GPP Option 3x.
The Security GateWay (SeGW) is a 3rd party product.
In summary, it can be concluded, that the 5G RAN security level is at the same or at higher level than
for 4G, depending on deployment options, and is fully under operator control. 3GPP aims at ensuring
the security of data transmission. The Packet Data Convergence Protocol (PDCP) encryption in the
RAN (downlink), and UE (uplink), ensures security over the air interface. Carriers ensure the security
of Intranet transmission (transport network layer connecting the access and core network equipment.
The application layer ensures the security of services.
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Figure 19: 3GPP NSA Option 3 and SA Option 2 security deployments
(The Security Gateway (SeGW), Evolved Packet Core (EPC) and 5G Core Network (5GC) are 3 rd
party equipment, e.g. from Nokia or Ericsson)
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Figure 20: 3GPP NSA Option 7 and NSA Option 4 security deployments
(The Security Gateway (SeGW), Evolved Packet Core (EPC) and 5G Core Network (5GC) are 3 rd
party equipment, e.g. from Nokia or Ericsson)
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3.1.2

IPR Strategy and Status

Over 70% of worldwide Standard Essential Patents (SEPs) are declared at ETSI (European
Telecommunication Standards Institute), underlining the importance of the European market.
However, for key technologies in Europe, companies in Asia and the US hold more SEPs and younger
patent portfolios than European companies. European firms Nokia, Ericsson and Siemens file a large
amount of SEPs, but American and Asian companies such as Qualcomm, InterDigital, Samsung,
Huawei, Google and LG also file heavily in Europe [9].
Figure 21 illustrates the evolution of ETSI SEP family filings between 1995 and 2015 [9]. It shows
that Wireless Communication (H04W) as well as Transmission (H04B) and Broadcast
Communication (H04H) experienced a particularly strong growth between 2007 and 2013.

Figure 21: Evolution of selected SEP family filings at ETSI per year [9]

3.1.3

5G-related standardisation activities

A major contributor to standardisation in Europe is the 5G Public Private Partnership (5G-PPP), the
5G collaborative research programme, established under the umbrella of the European Commission’s
Horizon 2020 Programme. The 5G-PPP was initiated by the EU Commission for the public side, the
5G Infrastructure Association (5G IA) representing the private side with a wide range of stakeholders
including equipment manufacturers, telecommunication and satellite operators, vertical industries,
SMEs, universities and research institutes.
The 5G-PPP aims at fostering industry-driven research, monitored by business-related, technological
performance and societal KPIs. Its objective is to deliver solutions, architectures, technologies and
standards for ubiquitous next-generation communication infrastructure.
In 2016, 5G-PPP and the IMT-2020 Promotion Group signed a Memorandum of Understanding
(MoU) with the objective to strengthen communication and co-operation in the areas of 5G concepts,
spectrum planning, international standards and 5G experiments, and to promote the formation of
consensus between the two sides: https://5g-ppp.eu/2nd-global-5g-event-enabling-the-5g-ecospherenovember-9-102016/
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Other initiatives that are focusing on the promotion of 5G in Europe and globally are the 5G
Automotive Association (5GAA) and 5G Alliance for Connected Industries and Automation (5GACIA). 5GAA has been established to connect the telecommunication industry and vehicle
manufacturers to develop end-to-end solutions for future mobility and transport services. 5G-ACIA
has been established to serve as the central and global forum for addressing, discussing, and evaluating
relevant technical, regulatory, and business aspects with respect to 5G for the industrial domain.

3.2

China

3.2.1

Main Standards Bodies

3.2.1.1 General Administration of Quality Supervision, Inspection and Quarantine of
P.R.C. (AQSIQ)
AQSIQ [10] is a ministerial administrative organ directly under the State Council of the People's
Republic of China in charge of national quality, metrology, entry-exit commodity inspection, entryexit health quarantine, entry-exit animal and plant quarantine, import-export food safety, certification
and accreditation, standardisation, as well as administrative law-enforcement.
AQSIQ undertakes to administrate the Certification and Accreditation Administration of the P.R.
China (CNCA) and the Standardisation Administration of the P.R. China (SAC). Both authorised by
the State Council, CNCA is a vice-ministerial-level department, exercising the administrative
responsibilities by undertaking unified management, supervision and overall coordination of
certification and accreditation activities across the country, and SAC, which is also a vice-ministeriallevel department, performs nationwide administrative responsibilities and carries out unified
management for standardisation across the country.
3.2.1.2 Standardisation Administration of the P.R.C. (SAC)
The SAC was established in April 2001 and authorised by the State Council to exercise administrative
responsibilities by undertaking unified management, supervision and overall coordination of
standardisation activities in China.
The SAC represents China before the International Organisation for Standardisation (ISO), the
International Electrotechnical Commission (IEC) and other international and regional standardisation
organisations. The SAC is responsible for organising the activities of Chinese National Committees
for ISO and IEC.
Furthermore, the SAC approves and organises the implementation of international co-operation and
exchanging projects on standardisation.
3.2.1.3 China Communications Standards Association (CCSA)
CCSA is a non-profit organisation and the main working platform for the development of ICT industry
and national standards in China. It incorporates operators, internet service providers, manufacturers,
standardisation R&D institutes, universities, societies, and other stakeholders. CCSA is organised with
the approval of MIIT and registered with the Ministry of Civil Affairs.

© EXCITING Consortium 2016-2018

Page 38 of 86

D3.4: Harmonisation of Standards for 5G Technologies, version 1.0

TC485: National Technical Committee 485 on Communication of SAC
TC543: National Technical Committee 543 on Communication Service of SAC
TC-ITS: National Technical Committee 268 on Intelligent Transport Systems of SAC
GB: National standard

YD: Industry Standard

YDB: CCSA Standard

Figure 22: Relationship between CCSA, SAC, and MIIT [12]
Furthermore, the CCSA encourages its members to actively participate and dominate the development
of international standards, and to promote domestic advanced technology standards to be adopted as
international standards [12]. CCSA interfaces to the ITU via the MIIT and to ISO and IEC through the
SAC (Figure 23).

Figure 23: Relationship between CCSA and other SDOs [12]
In the first Quarter of 2018, MIIT published its latest sectoral standards development plan. About 100
communication standards projects will be launched in various technical areas, including Cloud
Computing, IoT, Mobile Internet, Network Management, Intelligent Terminals, Interconnection,
Information Security, Access Networks, Internet of Vehicles (IoV), Artificial Intelligence (AI), and
Radio Spectrum. These standards, which will managed by CCSA, are expected to reach ‘Draft’ stage
within 2 years.
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3.2.2

Reform of the Standardisation system

A major overhaul of China’s standardisation organisation was approved in March 2018. The former
national standardisation competent authority, the Standardisation Administration of China (SAC), and
the former national certification competent authority, the Certification and Accreditation
Administration of the People's Republic of China (CNCA), will be merged into the newly established
State Administration for Market Regulation (SAMR) and continue their functions in standardisation
and certification areas under the new organisational architecture [13]. The SAMR will also absorb the
functions of three formerly separate authorities that had been in charge of enforcing China’s
competition laws [14].
On 16 March 2018, MIIT published a policy document to guide the development of standardisation for
the communication industry [13]. It lists the following main objectives:
•

Develop or revise approximately 1’800 standards.

•

Promote the “Association Standards Application Pilot Projects” in 10 key fields.

•

Enhance the adoption rate of international standards in key areas by 5%, and ensure the
adoption rate of international standards in key areas to exceed 90% by 2020.

•

Encourage Chinese organisations and enterprises to develop more than 100 international
standards.

Furthermore, five tasks were assigned to all MIIT standards units:
1.

Improve the technical standard system in current and emerging areas, including intelligent
manufacturing and green manufacturing, artificial intelligence, industrial internet, connected
car, big data, cloud computing, and information technology services.

2.

Strengthen the implementation of national and sectoral standard projects.

3.

Foster advanced association standards, which encompasses the promotion of the
“Association Standards Application Pilot Projects”.

4.

Facilitate the Chinese standards to “go global”, and in particular to:
•

Carry out comparison and analyses between Chinese standards and international
standards.

•

Enhance Chinese standards’ consistency with international standards.

•

Participate in the development of international standards in key areas.

•

Strengthen co-operation with international standardisation organisations.

•

Raise the level of internationalisation of Chinese standards.

5. Enhance the standardisation system and organisation, through the definition or revision of
procedures and requirements for the development of mandatory national standards for
communication and other technologies.
•

Precedence must be given to international standards.

•

Strive to a coherent collection of standards.

•

Involvement of all relevant stakeholders in the standardisation process needs to be
ensured.

•

Transparent guidelines for non-Chinese companies are essential.

•

Copyrights of ISO, IEC and European standards need to be preserved.

The draft for the revision of the Chinese standardisation law is rather imprecise on the possible
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impacts it may have on non-Chinese companies. Even though the aim of the reform was to harmonise
the Chinese standardisation landscape, several governmental levels and administration bodies are still
to be involved in the process, which could induce a new complexity. The draft, for example, intends
that standards in the fields of pharmaceuticals, health-care, aerospace, underground engineering and
environmental protection will be administrated by the respective ministries rather than by the national
standardisation body.

3.2.3

IPR Strategy and Status

The latest listing shows a 16.6% year-on-year growth in the number of patents filed by Chinese
companies in Europe. The total number of patents filed by enterprises from all nations grew by 3.9%.
Fu Xiaolan, director of the technology and management centre for development at the University of
Oxford, said the growth in the number of patents being filed in Europe by Chinese companies reflects
their "innovation, growing appreciation of the importance of IP protection, and preparation for further
internationalisation".
"China is becoming increasingly an innovation leader, as opposed to just playing the role of catching
up with other advanced economies," Fu said.
Overall, China ranked fifth among nations, for the number of patents filed with the European Patent
Office (EPO) in 2017, behind the United States, Germany, Japan, and France.
Innovation is at the heart of China's 13th Five-Year Plan (2016-20) and Beijing has set the target of
becoming an "innovation nation" by 2020, an international leader in innovation by 2030, and a world
powerhouse in scientific and technological innovation by 2050.
To better protect companies' intellectual property, China has established intellectual property rights
courts nationwide, investigated 1.3 million cases, and pressed charges against almost 100’000
violators during the past five years [14].
In the United States, the situation is somewhat different. Although the number of patents received by
Chinese entities grew by a factor of 10 between 2008 and 2017 (and by 28% from 2016 to 2017)
China’s overall share of the more than 320’000 patents issued by the U.S. Patent and Trademark
Office in 2017 was a mere 3.5% [15].
While China’s shares of IPRs for 3G and 4G technology were insignificant, the situation has changed
considerably with 5G. In 2017, China held an estimated share of 13.1% of IPRs for 5G Radio Access,
9% of IPRs for 5G Core Networking, and 8% of IPRs for 5G Modulation resulting in an overall share
of 9.8% [16].

3.2.4

5G-related standardisation activities

In the past, the global standardisation process was sometimes hampered by national solo efforts,
typically to protect a certain market or gain dominance, which resulted in products never reaching
economies of scale, or making it to the market at all. To improve this situation, it was recognised that
harmonisation of standards between different SDOs was a useful thing to attempt.
This has resulted in parties involved in standardisation employing a different approach to push their
interests, i.e. by actively participating in, and contributing to, the work of the major SDOs. Leading
global manufacturers of communications equipment no longer try to define dedicated local standards
but rather argue their case for introducing certain elements into 3GPP standards, such as Huawei’s
“Polar code” technology for 5G channel coding. This can be seen as a more open and collaborative
approach, where standards will be agreed, based on the merit of the contributions.
China advocates a globally unified standard for 5G, with the objective to create a unified 5G industry
chain, from chips to terminals to network infrastructure and test equipment, and conquer the global
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market.
For this purpose, China scaled up its participation in international standards-setting bodies like 3GPP,
IEEE, and the ITU, where it increasingly occupies influential positions.
Chinese companies send large numbers of representatives to standardisation and regulatory meetings.
Huawei, for instance, has 300 persons dedicated to mobile communications standards and regulations
[17]. The company is leading nine out of thirteen items in 3GPP R15 5G-NR RAN WI, and
participating in the other four items. It occupies 90 key roles (chairperson or board member level) in
three major international standardisation- and regulatory- bodies, namely 3GPP, ITU, and IEEE. Out
of the 57 chairs in 3GPP, Huawei holds seven chairs and vice chairs, including those of groups SA2,
SA5, RAN3, and RAN4 [18]. Its strong commitment to research, manifested in the large number of
R&D facilities and university research collaborations worldwide is instrumental for influencing and
driving 5G standardisation globally.
By early 2018, China [19]:
•

accounted for approximately 32% of the world's 5G standard contributions,

•

had submitted more than 8700 5G-related documents to 3GPP,

•

had led about 40% of the 5G standardisation research items in 3GPP,

•

owned about 10% of “5G-essential” intellectual property rights.

By steering standards and developing products in parallel, China obtains a competitive advantage
(example: 5G Stand-Alone / Phase 2).
A number of industry alliances are contributing to 5G standardisation in China. The most prominent
ones are:
•

IMT-2020 (5G) Promotion Group

•

TIAA (Telematics Industry Application Alliance)

•

C-ITS (China ITS Industry Alliance)

•

CAICV (China Industry Innovation Alliance for the Intelligent and Connected Vehicles)

The International Mobile Technology (IMT)-2020 Promotion Group, led by the MIIT and consisting
of domestic ICT experts, is leading China’s 5G technology definition activities. While some progress
has been made, the IMT-2020 Promotion Group is still not fully open to wholly foreign-owned
enterprises (WFOEs) and foreign-invested enterprises (FIEs).

3.2.5

Related Industrial Programs and Initiatives

3.2.5.1 Made in China 2025
Launched in 2015, the Made in China 2025 strategy aims to guide the country’s industrial
modernisation, including the substitution of foreign technology with innovation developed on the
mainland. The strategy covers the following ten sectors:
1.

Next-generation information technology, including cybersecurity.

2.

High-end numerical control tools and robotics, which provide China with greater
manufacturing efficiency as labour costs rise.

3.

Aerospace equipment, which shows China’s determination to be a world leader in outer
space exploration.
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4.

Ocean engineering equipment and hi-tech ships, signifying maritime security implications of
China’s territorial claims in the South China Sea and the East China Sea.

5.

Advanced railway equipment, which shows how advanced China’s high-speed railway
systems have become.

6.

Energy-saving and new energy vehicles, which highlights China’s goal to replace traditional
petrol vehicles with those that use alternative fuel.

7.

Power equipment, which are part of China’s implementation of clean power.

8.

Agricultural machinery, which represents China’s advances in producing large tractors and
high-performance combines.

9.

New materials, which include materials like graphene and nano materials.

10. Biomedicine and high-performance medical devices, which includes China’s development of
advanced chemicals and medical equipment.
To further implement China Manufacturing 2025 (CM2025) and the Next Generation Artificial
Intelligence Development Plan the MIIT issued the Three-Year Action Plan for Promoting the
Development of Next Generation Artificial Intelligence Industry (2018-2020) on December 14, 2017,
focusing on the integration of artificial intelligence and manufacturing. MIIT aims to implement phase
one of the Plan through the three-year action plan. The action plan lays out an implementation plan
and goals for four areas by 2020:
1.

The first key initiative, AI key product developments, covers innovative products and
services in industry, healthcare, transportation, agriculture, finance, logistics, education and
culture. Intelligent and Connected Vehicles (ICV) is first key product included in the plan.
The plan supports the R&D of critical technologies for intelligent computing platform
architecture for vehicles, semiconductors for ICV, autonomous driving operating systems,
and intelligent algorithms for vehicles. By 2020, the goal is to build a reliable, safe, real-time
intelligent platform for ICV and develop related standards to support high availability (HA)
levels.

2.

The second key initiative focuses on intelligent sensors and neural network semiconductors.
The plan supports the development of high-precision, low-cost sensors, R&D for compact
and reliability design, precision manufacturing, integrated development tools, embedded
algorithms, etc. It also supports the R&D and application of intelligent sensors designed
based on new needs, new materials, new techniques, and new theories and the R&D of new
intelligent sensors based on MEMS and CMOS. Neural network semiconductors are another
key area mentioned in the plan.

3.

The third key initiative is on the development of smart manufacturing, in particular, key
technical equipment and new manufacturing models incorporated with AI.

4.

The fourth initiative is to build a comprehensive AI support system, including setting up an
industry training data pool, covering industry, healthcare, finance, transportation, etc. The
plan also points out the need to build an AI industry standards system, encouraging industry
leaders to participate in international standards work. At the same time, the plan calls for
building an AI product assessment system and an AI patents and IPR protection platform. In
order to ensure the fast development of AI, the plan contains goals for the development and
deployment of 5G, industrial internet, Internet of Vehicles.

3.2.5.2 China Standards 2035
On March 1, the Chinese Academy of Engineering (CAE) held the kick-off meeting of China
Standards 2035; a project initiated by AQSIQ [10] and the SAC [20].
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China Standards 2035 includes one comprehensive research project on the status and objectives of
China’s standardisation strategy, and three specific research projects addressing:
•

the Chinese standardisation system, methods and evaluation,

•

the development of high-quality standards, and

•

the harmonisation of civilian and military standards.

The CAE aims to complete the project by the end of January 2020, when a conclusive report with
suggestions for implementing the new standardisation strategy is to be submitted to the Central
Committee of the Communist Party (CPC) and the State Council of China [10].
3.2.5.3 China Indigenous Innovation Policy (CIIP)
As of 2006, the Chinese government had been pursuing an “indigenous innovation” policy that aims to
meet certain technology goals by 2020 and 2050, eventually leading to Chinese dominance of
technologies that were typically the domain of companies from Japan, South Korea and the United
States. This “grand blueprint of science and technology development” became known as The National
Medium- and Long-Term Plan for the Development of Science and Technology (MLP)12, and it
identified key areas of technology, engineering and science that the Chinese government wanted to
support.
The MLP’s definition of “indigenous innovation” was “to enhance original innovation through coinnovation and re-innovation based on the assimilation of imported technologies” which was widely
interpreted as a siphoning of foreign intellectual property.
In 2011, China announced a significant retreat from this policy in the respect that “indigenous
innovation” was decoupled from government procurement requirements [21], [22]. Although evolved,
the key areas, technologies, and programs identified in the MLP still constitute essential elements of
China’s current plans. This is particularly true in the domain of microelectronics where China is
making massive investments in semiconductor research and chip development.
3.2.5.4 One Belt One Road (OBOR)
China 5G national standards are promoted to OBOR partners.
“China will promote application and implementation of its national standards including 5G and smart
city in the countries along the Belt and Road routes, according to an action plan recently released by
the Standardisation Administration of China (SAC). By 2020, China will constantly enhance
compatibility of its standards with the international standards and standards of other countries” [23]
Within the framework of the Belt & Road Initiative (BRI) [59], SAC has reached out to several
European standardisation bodies in order to propose Mutual Recognition Agreements (MRA). These
bilateral initiatives, however, are foiling international co-operation in the field of standardisation since
they are only viable when common international standards are not implemented by all countries.
Focusing on pushing national and regional standards will distort the global market in the long run,
holds the risk of unnecessary transaction costs and build up international trade barriers [24].
The OBOR initiative reflects the grand scope and scale of Beijing’s ambitions to leverage such
Eurasian integration and engagement to advance national interests on a global stage, reshaping the
current regional order in the process. Beyond its signature infrastructure projects, the concept of the
“Digital Silk Road” has emerged as a key aspect of this strategy, particularly as China makes this
major play to become the world leader in 5G and to shape the 5G standardisation process. As “national
12

MLP: https://www.itu.int/en/ITU-D/Cybersecurity/Documents/National_Strategies_Repository/China_2006.pdf
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champions” such as Huawei become central players in 5G standardisation and commercialisation, their
“outreach” to pursue ventures and partnerships worldwide will advance this agenda.
The leadership of Chinese companies in the deployment of 5G technologies worldwide will support
and enable the creation of this “Digital Silk Road,” which will also be leveraged to promote preferred
indigenous standards. In the process, Huawei is collaborating closely with Europe on issues of
standardisation.
In December 2017, the SAC released the “China Unicom Belt and Road Initiative action plan (2018 2020)” in [24], which calls for promoting the implementation of national standards for 5G and smart
cities in “One Belt, One Road” countries, while supporting the expansion of the infrastructure of
China Unicom, a state-owned telecommunications operator and partner of Huawei that has emerged as
a major player in 5G. As a “5G pioneer”, ZTE has also committed to supporting the development of
the Digital Silk Road, including through leveraging its 5G trials and partnerships in Europe and the
Asia-Pacific [25].

3.3

China’s European Investment Strategy

The economic priorities of China also become apparent from the analysis of its European investment
strategy. During 2010 to 2015, the distribution of Chinese investment was greatly concentrated in four
sectors: Manufacturing, energy, real estate, and logistics / transportation (see Figure 24). Remarkably,
the share of the energy sector dropped significantly in 2015 while that of logistics / transportation
increased.
Chinese investment in the European Union.
Sector distribution (2015)

Cumulative Chinese investment in the European Union.
Sector distribution (2010-2015)

Figures indicate % of Total

Figure 24: Chinese investment in the European Union by Sector [25]
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3.4

EU-China Comparison

3.4.1

IMT-2020 (5G) Promotion Group

Only two out of eleven WGs (the Trial WG and the C-V2X WG) are open to foreign participation.
Despite the conditional opening of its Technical Working Group, the IMT-2020 Promotion Group for
5G still does not allow European companies to have full membership in several other working groups.

3.4.2

CCSA

Total members 488 13 [26]. Members are mostly domestic companies (82%); a few subsidiaries of
foreign companies (Qualcomm, Intel, Zebra, Sony, Asustek, Ericsson, Philips, R&S) are present, as
well.
The Technical Committee 5 (5G) has 10 foreign members out of 188.

3.4.3

ETSI

About 20% of ETSI’s members have no established operations in Europe, and many of the other 80%
are headquartered outside Europe. 9 out of 847 members are from China (+2 from Hong Kong).

3.4.4

NetWorld2020

6 out of 1013 members are Chinese.

3.4.5

5GAA (5G Automotive Association)

This is a global initiative, co-founded by Huawei, with 12 Chinese members out of a total of 82.

3.4.6

5G-ACIA (5G Alliance for Connected Industries and Automation)

This is a global initiative, co-founded by Huawei, with 1 Chinese member (Huawei) out of 20.

13

397 according to the member list on the CCSA website
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4

THE WIRELESS COMMUNICATIONS MARKET

An important aspect of EU-China harmonisation and collaboration that must not be ignored is the
market and trade situation, with respect to:
•

5G/Wireless communications equipment manufacturers

•

Market shares of EU and China communications equipment manufacturers

•

EU-China trade balance

4.1

5G and The Big Four

Ericsson, Nokia, Huawei and ZTE are the main players in 5G, both in Europe and China.

4.1.1

Ericsson

“China will be a primary driving force for the large-scale commercial use of 5G in 2020, which will
offer a good opportunity for Ericsson AB to expand businesses in the highly competitive market”, said
Borje Ekholm, CEO of the Swedish telecom equipment maker.
“The nation will be among the first places for the industrial internet to take off, thanks to local
companies' strong determination to build important telecom infrastructure and push forward smart
factory projects”, said Ekholm.
The industrial Internet of Things business model works on the idea that cloud, security, connectivity
and service enablement operate as a combined infrastructure. But most importantly, smart factories
with fifth-generation mobile communication technology put smart tools in the hands of smart people.
China is eyeing the commercial deployment of 5G in the first half of 2020, with pre-commercial
launches in the second half of next year.
Ericsson is currently working with all three operators in China - China Mobile, China Unicom and
China Telecom - on 5G field trials. "We have also successfully passed the Ministry of Industry and
Information Technology's phase three lab test with a 100% pass rate", Ekholm said.
In June, 2018, when the global mobile industry completed the first phase of 5G standards, the
company made the world's first multi-vendor standalone 5G interoperability call by partnering with
China Mobile and Intel, marking another milestone toward the commercialisation of 5G.
5G, which is up to 10 times faster than 4G, will act as an important platform for new technologies
such as self-driving vehicles. According to an industry report by EY, the number of 5G users in China
will reach 576 million by 2025, or more than 40% of the global total.

4.1.2

Nokia

July 10, 2018 - Berlin - Nokia and China Mobile signed a one-year frame agreement - valued at up to
EUR 1 billion - to support the Chinese mobile operator's transition to a future-oriented network
infrastructure, while providing seamless connectivity to more efficiently meet growing data traffic
demand.
Under the agreement, Nokia will provide China Mobile with best-in-class, end-to-end technology
solutions to enable a next-generation network for the age of the cloud and machine communications.
Nokia will provide additional elements of its mobile radio access and core portfolio in addition to
fixed access, IP routing and optical transport, customer experience management, as well as its services
expertise delivering the quality, speed and reliability needed.
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Going forward, Nokia and China Mobile will work closely to define the products and services that will
enable the operator to explore new opportunities in vertical markets. Nokia and China Mobile have
signed a memorandum of understanding for research and testing of the artificial intelligence (AI) and
machine-learning capabilities of next-generation networks for the delivery of intelligent network
optimisation and radio resource management.
The frame agreement builds on a longstanding relationship between Nokia and China Mobile in
developing, trialling and deploying new technologies to enable seamless cloud connectivity and faster,
more affordable internet access, meeting new demand while evolving networks for the future.
The agreement was signed at the recent Sino-German Economic Forum by Li Huidi, Vice President of
China Mobile, and Hans-Jürgen Bill, Executive Vice President and Chief Human Resources Officer of
Nokia and also Chairman of the Board of Directors of Nokia Networks GmbH & Co KG in Germany.
The German Chancellor Angela Merkel and the Chinese Premier Li Keqiang also attended the forum.
Mike Wang, President of Nokia Shanghai Bell, said: "This is a highly significant agreement with our
longstanding partner that consolidates Nokia's position as a leading provider of next-generation
technologies and services in China. We are committed to delivering industry-leading, end-to-end
capabilities that will allow operators to dramatically increase performance, which will introduce new
possibilities for networks of the future".

4.1.3

Huawei

Each year, Huawei invests at least 10% of its yearly revenue in R&D. In the coming years the
company envisages annual R&D investments between 10 and 20 billion US Dollars in the coming
years [27]. Overall, 40% of the 180’000 Huawei employees are working in Research and
Development.
Since it established its European presence by opening a R&D centre in Kista, Sweden in 2000, Huawei
has built up a substantial Europe-based innovation network with 18 R&D centres in 10 European
countries, employing around 1600 researchers [28]. Its European Research Centre is headquartered in
Munich. Currently Huawei operates more R&D units in Europe than in any other region of the world.
Huawei’s decision to establish R&D operations in Europe was driven by knowledge-seeking
strategies, as well as the need to facilitate market entry. With its investments in Sophia-Antipolis,
Bristol and Leuven, Huawei is moving its knowledge-seeking strategies towards the component level
and is trying to strengthen its proximity to standardisation institutions [29]. Frequently, Huawei set up
its centres in locations its troubled competitors were about to abandon, such as Lannion, Munich,
Kista, and Milan.
Additionally, Huawei has 19 joint innovation centres in Europe where the company is co-operating
directly with its main customers, such as Vodafone and British Telecom, on technology sharing and
joint application development [29].
Huawei obtains access to cutting-edge technology, advanced expertise, and intellectual property
through its various University Partnership programmes [30]. In 2017, the company claimed it had
established partnerships with over 300 universities from more than 20 countries within its ‘Huawei
Innovation Research Program’ (HIRP) and collaborated with more than 280 universities in 96
countries in its ‘Seeds for the Future Program’ [31].
With 4’024 patent applications in 2017, Huawei was ranked No. 1 by the World Intellectual Property
Organisation (WIPO) [32]. As of the end of 2017, Huawei had filed 64’091 patent applications in
China and 48’758 outside of China. A total of 74’307 patents have been granted, the company said,
and 90% of them were invention patents [33].
In 2008 Huawei was still lagging behind its main competitors regarding its base of patents. However,
the company’s huge investments in R&D and its focus on further developing in-house R&D
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capabilities allowed it to catch up quickly. Huawei started to increase patent applications under the
Patent Co-operation Treaty (PCT) and at the European Patent Office (EPO) already in 2006, becoming
top PCT applicant in 2009. In 2011 Huawei, along with ZTE was among the top ten companies in
international PCT applications [29], and in 2017 the company was the biggest filer of patents with the
EPO [58]. Out of the nearly 166’000 European patent applications the EPO received for the year, 2398
were filed by Huawei [33].
In the US, Huawei received 1’474 patents putting the company at No. 20 on the list of recipients. It
had first entered the top 50 list in 2014 [17].

4.1.4

ZTE

ZTE invests more than 10% of annual revenue on R&D, employing over 30’000 staff in the
development of next-generation technologies including 5G and IoT [34].
Its European R&D operations, however, are minuscule. Only two of its 20 R&D centres are in Europe,
with some additional operations in this region. Similar to Huawei, ZTE’s first R&D-related investment
in Europe established its research operations in Kista, where the company has been developing its
mobile networks core technology. In France, Germany and the United Kingdom ZTE is focusing on
technical support, as well as co-operating on development projects with its main European customers.
In 2014 ZTE opened an R&D centre in Braga, Portugal with the help of Minho University, the DST
group and InvestBraga. The centre is developing and testing new services and applications in the
telecommunications sector [29].
ZTE’s application drive started only in 2009, but in 2011 the company was the top PCT applicant [29].
In 2017, the company filed 2’965 applications for patents under PCT, down 28% from 2016, putting it
in the No. 2 spot [32]. In the US, the number of patents ZTE received dropped by 16% from 2016 to
2017.
Until 2017, the company had filed more than 1’500 5G-related patent applications [34].

Figure 25: Top Five Telecommunications Equipment vendors in 5G Network Trials [37]
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4.2 Mobile infrastructure market evolution
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Figure 26: Wireless infrastructure suppliers – Turmoil and consolidation vs. continuity
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Figure 27: Mobile Network Infrastructure market shares by manufacturer 2007-2017 [35] [36]
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Figure 28: Mobile Infrastructure (RAN) market share evolution by manufacturer 2000-2015 [38]
According to Eurostat [39], the value of telecommunications equipment imported into the EU from
China increased by almost 1’200% between 2000 and 2017, from 4.5 to 57.2 billion EUR while the
exports to China decreased by 27%, from 3.7 to 2.7 billion EUR (Figure 29).
For telecommunication services, the situation is reversed, albeit at a much lower level. Between 2010
and 2016, the import of services into the EU grew from 0.9 to 1.4 billion EUR while exports rose from
2.4 to 5.3 billion EUR (Figure 30).
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Figure 29: EU-28 Telecommunications equipment trade with China between 2000 and 2017 [39]
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Figure 30: EU-28 Telecommunications services trade with China between 2010 and 2016 [40]
It should be mentioned that the major European equipment manufacturers abandoned the development
of mobile terminals years ago and left the field to their Asian and North American competitors.
Nokia used to be one of the world's biggest mobile phone manufacturers but it fell behind with the
advent of iPhone and Android smartphones. In 2014, Nokia's Devices and Services division was sold
to Microsoft. In 2016, Finnish company HMD Global bought a part of Microsoft's feature phone
business and has a licensing agreement that allows it to make smartphones under the Nokia brand [41].
Ericsson withdrew from the mobile phone business in several steps between 2001 and 2012 when
Sony closed the acquisition of Ericsson's part of Sony Ericsson [42].
Huawei and ZTE, in contrast, continue developing and manufacturing mobile phones and hold global
market shares of 14% and 3%, resp. (2017 figures [43]. In China, Huawei holds a share of 21.3% [44].
The in-house expertise both companies have in the mobile terminal domain major constitutes a major
competitive advantage when it comes to developing and testing 5G end-to-end solutions. Huawei in
particular benefits from its vertical integration strategy. It was reported that the company plans to
launch a 5G Smartphone in mid-2019 [45]. This phone is likely to be based on the Kirin 1020 Systemon-Chip (SoC) that is being designed by Huawei’s HiSilicon chip division [46].
ZTE announced the launch of a 5G smartphone at an even earlier date, in early 2019 [47].
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5

EU-CHINA HARMONISATION OF 5G STANDARDS

Acknowledging the need for global standards, and building on the experience from 3G and 4G
standardisation, the global wireless communications community collaborates within 3GPP to define
the 5G standard.
Seven major standards developing organisations (SDOs) from Europe, Asia, and North America are
associated with the project. There exists a variety of committees, task and working groups active
within and between the major standardisation and regulatory bodies 3GPP, BBF, ETSI, IEEE, ITU-T,
ITU-R, CEPT, and, in addition to this, a large number of forums and 5G research and promotion
initiatives.
While both the EU and China have their dedicated 5G research initiatives and promotion groups as
well as deployment plans and technology roadmaps they appear to adopt the same concept of a unified
5G core standard, a set of clearly defined KPIs plus a number of key technologies for connectivity.
Through the collaboration of both regions’ standardisation bodies in 3GPP, the exchange between
their major 5G technology initiatives, and the global orientation of their major communication
equipment manufacturers a considerable degree of harmonisation is already being achieved.

5.1

Pre-requisites for Harmonisation

Pre-requisites for standardisation harmonisation are:
•

Mutually beneficial (“reciprocity”),

•

Fair access to standardisation bodies and standards documents for foreign companies/
organisations,

•

Fair market access.

5.2

Europe 5G priorities

In its Second Opinion on 5G networks the Radio Spectrum Policy Group (RSPG) [48] indicates the
European (initial) priorities for 5G which are the provision of wide-area coverage and high-reliability,
low-latency communications.
The underlying objectives are to:
•

provide high-speed internet access to sparsely-populated areas,

•

increase the efficiency of industrial/production/service processes by introducing robust
massive machine-type communications (mMTC), and

•

enable the mass deployment of Smart Mobility Solutions/ Intelligent Transport Systems.

As far as radio spectrum is concerned, the focus is on harmonising regulations for the 3.4-3.8 GHz
band and the sub-1 GHz range, in particular the 700 MHz band.
The current timeline foresees deployment of 5G in at least one major city in each EU Member State by
the end of 2020. All urban areas and major terrestrial transport paths should have uninterrupted 5G
coverage by 2025 [49].
European network operators are prioritising connected cars over factories and cities [50].
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5.3

China 5G priorities
•

Industrial internet and car internet will be 5G key industry applications [51].

•

V2X will be a key application of 5G URLLC [52].

•

LTE/5G-V2X trial cities: Beijing, Shanghai, Chongqing, Hangzhou, Wuhan, Changchun [53].

•

On 5 January 2018, China’s National Development and Reform Commission (NDRC)
issued a draft Strategy for Innovation and Development of Intelligent Vehicles (“Draft
Strategy”) for public comment. The public consultation was closed on 20 January
2018; as of today results are not known. Visions set out in the Draft Strategy include
that 90% of the highways in China’s big cities will be covered with LTE–V2X by
2020 and 5G by 2025 [54].

•

The C band (4-8 GHz) will be the key 5G band [52].

•

Artificial Intelligence (AI) and Machine learning [55].

•

5G is seen as critical to the future growth of China’s vibrant digital economy, not to mention
its national ambitions in AI. Indeed, Chinese AI plans include a focus on 5G and call for the
improved low-latency, high-throughput transmission capabilities that these technologies will
deliver. Anticipating its economic benefits, China has taken a very proactive approach to the
testing and commercialisation of 5G, on track to start its rollout in 2019, and China’s 5G
industry is expected to become a market of 1.15 trillion RMB ($180.5 billion) by 2026 [25].

5.4

The ITU and Spectrum (IMT-2000 – IMT-Advanced – IMT-2020)

•

All 3G, 4G and 5G mobile broadband systems are based on the ITU’s IMT standards.

•

ITU established the detailed specifications for IMT-2000 and the first 3G deployments
commenced around the year 2000.

•

In January 2012, ITU defined the next big leap forward with 4G wireless cellular technology –
IMT-Advanced – and this is now being progressively deployed worldwide.

•

The detailed investigation of the key elements of IMT-2020 is already well underway, once
again using the highly successful partnership ITU-R has with the mobile broadband industry
and the wide range of stakeholders in the 5G community.

•

IMT provides the global platform on which to build the next generations of mobile broadband
connectivity

•

The detailed technical specifications for ITU’s IMT standards are developed in close
collaboration with the leading national, regional and international radio standards development
organisations and partnerships

•

The involvement of ITU Member States, equipment providers, network operators, industry
fora and academia in this process enables these harmonised standards to be implemented on a
worldwide basis

•

Globally harmonised standards enable global roaming and provide massive economies of scale
– resulting in lower cost services and equipment usable everywhere
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Figure 31: ITU main bodies

5.4.1

5G Capability Perspectives from the ITU-R IMT-2020 Vision

The values in the figures above are targets for research and investigation for IMT-2020 and may be
revised in the light of future studies. Further information is available in the IMT-2020 Vision
Recommendation (Recommendation ITU-R M.2083)

The enhancement of key capabilities
from IMT-Advanced to IMT-2020

The importance of key capabilities in
different usage scenarios

Figure 32: ITU IMT2020 5G KPIs and user scenarios
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5.4.2

IMT-2020 Standardisation Process – Where we are and what is ahead

Setting the stage for the future:

Defining the technologies

Vision, spectrum, and technology views
Figure 33: ITU IMT2020 standardisation process

5.4.3

Detailed Timeline & Process For IMT-2020 in ITU-R

Figure 34: ITU-R IMT2020 5G Roadmap
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Future bands to be studied by ITU-R:

Figure 35: ITU-R WRC-19 Future bands
Integration of satellite systems into IMT-2020

•

Satellites systems can provide high capacity and instantaneous connection to any place within
their wide coverage area. They are less vulnerable to physical attacks and natural disasters
than terrestrial systems and the terminals can be rapidly deployed.

•

Both geostationary and non-geostationary satellite systems have specific benefits for
integration of satellite-based solutions into 5G networks, such as providing:
o

high speed backhaul connectivity to multiple sites on land, at sea or in the air, with the
ability to multicast the same content across large areas

o

high speed, multicast-enabled, communications direct to the home, office, plane, train
or vessel as a complement to existing terrestrial connectivity where available

o

efficient backhauling of aggregated IoT traffic from multiple sites on land, at sea or in
the air

Satellite systems can thus help to provide scalable and efficient 5G network solutions globally,
integrated with terrestrial mobile networks, thereby helping to accelerate the commercially viable
deployment of 5G in developed as well as developing countries.
Summary of the ITU work:

•

The scope of IMT-2020 is much broader than previous generations of mobile broadband
communication systems.

•

Use cases foreseen include enhancement of the traditional mobile broadband scenarios as well
as ultra-reliable and low latency communications and massive machine-type communications.

•

The ITU's work in developing the specifications for IMT-2020, in close collaboration with the
all 5G stakeholders, is now well underway, along with the associated spectrum management
and spectrum identification aspects.

•

IMT-2020 will be a cornerstone for all of the activities related to attaining the goals in the
2030 Agenda for Sustainable Development.
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5.4.4

Various millimetre wave bands are being considered

Figure 36: Frequencies drivers (FCC, Ofcom and ITU-R)
The European Member States should make by 2020 a sufficiently large portion of the band available
(e.g., 1 GHz)
Source: FCC (May 2018), 5G Americas (April 2018), Ofcom (March 2018), Radio Spectrum Policy
Group (January 2018), ITU-Resolution 238 (WRC-15), BCG research

5.4.5

Barriers to harmonisation

5.4.5.1 Reciprocity
As outlined before, reciprocity is a pre-requisite for mutually beneficial harmonisation of standards. A
lack of reciprocity is therefore a major barrier to harmonisation.
It is commonly known that reciprocity between Europe and China, or rather the lack of it, is a major
concern for European industry.
Demands of the European Chamber of Commerce in China (EUCCC) [57]:
•

Ensure openness and transparency in the standardisation process.

•

Allow full and equal membership rights for foreign enterprises (FIEs and WFOEs) in all ICTrelated SDOs in China, including social organisations and industry alliances.

•

Allow FIE participation in high-level expert groups and other research initiatives.

•

Ensure specific technologies are not unfairly mandated through local standards or other
technical requirements.

•

Make all mandatory national standards available to the public in a timely fashion.

•

Optimise the alignment of Chinese standards with international standards, instead of striving
for acceptance of Chinese standards by other countries.

•

Streamline the product certification process.
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Many TCs and working groups claim that a WFOE legally registered in China cannot be a full
member but only an observer, and in the worst-case scenario they do not accept WFOEs as any type of
member. In many cases, WFOEs are admitted only as observers that have no voting rights, with some
TCs even requiring wholly-owned foreign enterprises (WFOEs) to pay double or triple the full
membership fees only for observer status.
In 2016 and 2017, progress has been made in FIE gaining access to certain SDOs. The China
Communications Standardisation Association (CCSA) revised its articles of association, enabling FIEs
to become full members, with the National Information Security Standardisation Technical Committee
(TC260) taking in FIEs as well.
5.4.5.2 GSMA issues
The industry body GSMA warned on November 6, 2018 that: “… the rollout of 5G will be at risk if
operators do not get timely access to the right spectrum”, and it called on governments to strongly
support the sector’s needs over the next year.
In a statement, the GSMA highlighted a growing need for governments, regulators and the industry to
work together to deliver widespread coverage of the new technology, as the race to launch 5G services
intensifies with one year to go until the World Radiocommunication Conference 2019 (WRC-19).
The WRC conferences, held every three-four years, are used to review and possibly revise global
spectrum regulations. The next event will be held during October 2019 in Sharm el Sheikh, Egypt,
with a strong focus expected on 5G suitable frequencies given many leading countries are gearing up
to launch the technology over the next two years.
In its Public Policy Position on 5G Spectrum report [56], the GSMA highlighted several key
considerations for governments and regulators including: the need for wider frequency bands to
support higher speeds and increased traffic volumes; and the need for 5G spectrum to cover
three key frequency ranges to deliver widespread coverage and support all use cases.
On the first point, the GSMA said regulators which make 80MHz to 100MHz of spectrum available
per operator in prime 5G mid-bands (for example 3.5GHz) and around 1GHz per operator in mmWave
bands “will support the very fastest 5G services”.
For rural, urban, suburban and IoT services, GSMA said sub-1GHz spectrum should be used to extend
high-speed 5G mobile broadband coverage, while spectrum from 1GHz to 6GHz will offer a good mix
of coverage and capacity for 5G. Spectrum above 6GHz can be used for services such as high-speed
broadband.
At WRC-19, the GSMA added it was essential for governments to support the 26GHz, 40GHz
(37GHz to43.5GHz) and 66GHz to 71GHz bands with a sufficient amount of harmonised 5G spectrum
“critical to enabling the fastest 5G speeds, low-cost devices and international roaming, and minimising
cross border interference”
Furthermore, the GSMA warned against inflated spectrum prices. It advised governments to avoid
inflating 5G spectrum prices, and avoid setting aside spectrum for verticals in key bands, where
the Association said sharing approaches such as leasing “are better options where vertical industries
require access to spectrum”.
Brett Tarnutzer, head of spectrum at the GSMA said operators urgently need more spectrum, with
the future of 5G “… heavily dependent on the decisions governments are making in the next year as
we head into WRC-19”.
“There is a real opportunity for innovation from 5G, but this hinges on governments focusing on
making enough spectrum available, not maximising auction revenues for short-term gains.”
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6

SUMMARY AND CONCLUSIONS

6.1

Opportunities for 5G Standards Harmonisation

Acknowledging the need for global standards and building on the experience from 3G and 4G
standardisation, the global wireless communications community collaborates within the 3rd
Generation Partnership Project (3GPP) to define the 5G standard.
While both the EU and China have their dedicated 5G research initiatives and promotion groups as
well as deployment plans and technology roadmaps they appear to adopt the same concept of a unified
5G core standard, a set of clearly defined KPIs plus a number of key technologies for connectivity.
Through the collaboration of both regions’ standardisation bodies in 3GPP, the exchange between
their major 5G technology initiatives, and the global orientation of their major communication
equipment manufacturers a considerable degree of harmonisation is being achieved.
Harmonisation of standards developed by different SDOs has therefore become less of an issue;
instead, harmonisation has to be achieved within the standardisation process.

6.2

The Way forward

The problem of growth in data traffic is not going away. Neither are the competitive advances of the
US and Asia-Pacific. Capturing the economic benefits of mobile technology is a race against bothtime and other regions.
Europe needs to catch up. Telcos, governments, regulators, and industry players need to co-operate,
much as the members of a relay team do. If they do not, and if they do not use all the tools available,
the deployment of 5G will be delayed and fragmented. In addition to the telecommunications industry,
the losers will include Europe’s consumers, businesses, and national economies. If, on the other hand,
the stakeholders of the mobile ecosystem pull together, Europe’s telcos- as well as its consumers,
businesses, and nations- can all stand among the winners in the mobile and digital economies of the
future.
Mobile Network Operators (MNOs) can pursue more targeted and value-oriented 5G network
deployment in multiple ways:
•

Smart Deployment. MNOs that have acquired or plan to obtain 3.x GHz spectrum generally
consider deploying massive MIMO antennas, usually upgrading every site with 64T64R. This
approach leads to significant overcapacity as many sites require only 32T32R or 16T16R.
BCG simulations show that a site-specific traffic forecast can improve the relationship
between network capacity supply and demand, and thus reduce average network spending by
4%. (See Figure 38).

•

Value-Based Deployment. Prioritising site construction and capacity upgrades in a valueoriented way can further reduce network spending. Operators can employ data analytics to
link network experience to every customer and site and thus determine the propensity for
churn (as a metric for value), rather than performing upgrades on the basis of general network
congestion. We estimate from project experience that such an approach can reduce average
network spending by 15%, with no negative impact on revenue.

•

Smart Partnerships and Efficient Deployment Models. Passive network infrastructure sharing
is common in many markets. Active network sharing is often used when cost reduction is
more important than network differentiation for the sharing partners. In such agreements,
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Capex savings of 50%, and Opex savings of more than 20%, are quite common. We believe
that network sharing, both passive and active, will become more important.

Invest with a targeted and value-based approach
Build partnerships to disrupt cost of standalone rollout

5G
deployment

Push eMBB to protect customer base and improve monetization
Introduce FWA as attacker or fixed-line substitute
Promote network slicing for mission-critical B2B

New business
models

Facilitate fronthaul and backhaul infrastructure

Infrastructure
access

Release more, and more affordable, spectrum

Regulatory
environment

Facilitate small-cell deployment

Tower

Review existing pricing models regarding 5G

Telco
partners

Handset
manufacturers

Content and
service providers

innovative services and digital infrastructure

Investors

Source: BCG analysis.
Note: eMBB = enhanced mobile broadband; FWA = fixed wireless access; WHO = World Health Organisation; ICNIRP = International
Commission on Non-Ionising Radiation Protection.

Figure 37: BCG Playbook for Europe
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5.2x

5G–
smart
rollout
Source: BCG network model.
Note: 64T64R = 64 transmitters and 64 receivers; MIMO = multiple input, multiple
output.

Figure 38: BCG – Smart Rollout can reduce network costs
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7

ANNEX - IPV6-BASED 5G MOBILE WIRELESS INTERNET

7.1

Introduction

The fifth generation of mobile technology (5G) will address the demands and business contexts of
2020 and beyond. Moreover, it is expected that:
•

the future European society and economy will strongly rely on 5G infrastructure,

•

its impact will go far beyond existing wireless access networks with the aim for
communication services, reachable everywhere, all the time, and faster, and

•

5G technology will be adopted and deployed globally in alignment with developed and
emerging markets' needs.

Several key drivers and disruptive capabilities will help the adoption and deployment of 5G globally.
In particular, regarding the key drivers, 5G will ensure user experience continuity in challenging
situations such as high mobility (e.g. in trains), and very dense or sparsely populated areas, and
journeys covered by heterogeneous technologies. At the same time 5G will be the key enabler for the
Internet of Things (IoT) by providing a platform to connect a massive number of sensors, rendering
devices and actuators with stringent energy and transmission constraints, see Figure 39. In addition,
new mission critical services will be deployed, requiring very high reliability, global coverage and/or
very low latency which are up to now handled by specific networks, typically public safety, will
become natively supported by the 5G infrastructure.
Moreover, it is expected that 5G will integrate networking, computing and storage resources into one
programmable and unified infrastructure, which will allow for an optimised and more dynamic usage
of all distributed resources and the convergence of fixed, mobile and broadcast services. This
unification will also enable 5G to support multi tenancy models, enabling operators and other players
to collaborate in new ways.
5G will leverage on the cloud computing concepts and will stimulate paving the way for virtual pan
European operators relying on nationwide infrastructures.
Another important key driver is that 5G is being designed to be a sustainable and scalable technology.
This can be realised by firstly, the telecom industry will stimulate and work towards a drastic energy
consumption reduction and energy harvesting. Moreover, sustainable business models for all
Information and Communication Technology (ICT) stakeholders will be enabled by cost reductions
through human task automation and hardware optimisation.
One of the most important key drivers is that 5G will create an ecosystem for technical and business
innovation. This will be enabled by the fact that network services will rely more and more on
software, the creation and growth of start-ups in the sector will be encouraged. Furthermore, the 5G
infrastructures will provide network solutions and involve vertical markets such as automotive,
energy, food and agriculture, city management, government, healthcare, smart manufacturing, public
transportation, water management.
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Figure 39: BCG – 5G Key drivers and disruptive capabilities
Moreover, with the rapid development of the 5G network infrastructure, and as well as other
technology enablers such as IoT, mobile Internet, cloud computing, Software Defined Networking
(SDN), virtualisation, smart home and Internet of vehicles, there is a consensus between different
stakeholders that the demand of Internet is no longer limited to the exhausting IP address, but extends
to the end-to-end interconnection and permanently stable IP address. Moreover, it has a higher
requirement for the security, management, maintenance as well as the operation of the next generation
Internet. One of the main challenges associated with the above is associated with how gradually to
stop IPv4, deploy IPv6 in full scale and start using the Internet of the 21st century.

7.1.1

IPv6 Transition Strategies in Mobile Networks

Currently several IPv6 transition strategies can be identified. The main IPv6 transition strategies that
are being discussed by Mobile Network Operators (MNOs) are listed below.
•

IPv4 only: delays the introduction of IPv6 to a later date and remain an all-IPv4 network.
Over the long-term, it is expected that this transition strategy will lead to problems and
increased costs for the MNO. Due to the increase in traffic, see 5G requirements, there will be
an increased demand for IP addresses and on using NAT in the carriers' network, denoted as
Carrier Grade Network Address Translation (CG-NAT). In particular, all traffic to and from
the Internet will have to pass CG-NAT. Furthermore, growth in bandwidth demand can only
be handled with increased CG-NAT capacity, which has a higher cost. It means that the MNO
is unable to benefit from the increasing ratio of IPv6-to-IPv4 Internet traffic. This mechanism
works only for DNS-based applications and IPv4-only.
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•

Coexistence of IPv4 and IPv6: requires the use of a dual-stack, introducing IPv6 in the
network next to IPv4. For an MNO, this approach is a less desirable option because dual-stack
networks are more complex to deploy, operate, and manage. Furthermore, this option also
requires an address management solution for both IPv4 and IPv6 addresses.

•

IPv6 only: introduces IPv6 in the network and remove IPv4 completely. This approach can
provide benefits for an MNO, because IPv6-only networks are simpler to deploy, operate, and
manage. Moreover, an address management solution is required only for IPv6 addresses.
Therefore, this option has no impact on scale, charging, and roaming because only a single
bearer with a single stack is required. However, the problem with this approach is that many
UE (User Equipment) devices, websites, and applications still only work on IPv4. When
moving to an IPv6-only network may lead to inferior service for MNO customers, resulting in
customer dissatisfaction.

•

Enhanced IPv6 only + NAT64: in addition to offering IPv6 only, also IPv4 is offered as a
service over IPv6 for DNS-based applications. For the MNO, benefits from the advantages of
the IPv6 only strategy and at the same time, there is no impact on scale, charging, and
roaming as only a single bearer with a single stack is required. DNS64 (Domain Name System
64) also embeds IPv4 Internet destinations in IPv6 addresses. However, non-DNS applications
are not supported and will be broken which could result in a lower quality service for the
operator's customers.

•

Enhanced IPv6 only + 464XLAT: this strategy benefits from the advantages provided by the
IPv6 only + NAT64 solution and at the same time it solves the drawback associated with the
support of non-DNS applications. In particular, For IPv4-only, non-DNS applications, IPv4
packets are translated to IPv6 packets by the UE and subsequently are translated back to IPv4
packets by a central CG-NAT64, which is deployed behind the PGW (PDN Gateway).

More details on the IPv4 to IPv6 transition are provided in ETSI GR IP6 006.

7.2

World Wide 5G Initiatives

7.2.1

Introduction

This clause briefly describes main worldwide 5G initiatives. Currently, only the 5G initiatives and
architectures proposed by Next Generation Mobile Network (NGMN) Alliance, Third Generation
Partnership Project (3GPP), Internet Engineering Task Force (IETF), 5G Infrastructure Public Private
Partnership 5G-PPP and the Focus Group on network aspects of IMT-2020 (FG IMT 2020) are briefly
presented.

7.2.2

Next Generation Mobile Networks (NGMN)

The NGMN alliance (https://www.ngmn.org/home.html) is a mobile telecommunication association
that consists of mobile operators, vendors, manufacturers and research institutes. The main objective
of the alliance is to ensure the successful commercial launch of existing and future mobile broadband
networks through a roadmap of technology and user trials. NGMN was founded by major operators in
2006 and can be considered as an open forum that evaluates candidate technologies in order to develop
a common view for current and for next evolution of wireless networks. The alliance supports and cooperates with standards organisations like 3GPP, TeleManagement Forum (TM Forum) and the
Institute of Electrical and Electronics Engineers (IEEE) and provides them with requirements coming
from Mobile Network Operators.
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The 5G architecture developed by NGMN consists of:
•

5G devices that can be of any type, from a wearable device up to a car or robot;

•

different Radio Access Technologies (RATs); and

•

the following four layers:

7.2.3

-

end to end management and orchestration layer,

-

business application layer that consists of use cases, business models and value
proposition,

-

business enablement layer that consists of library of modular network functions and
value enabling capabilities,

-

infrastructure resources layer that consists of access nodes, central and edge cloud nodes,
and networking nodes.

3rd Generation Partnership Project (3GPP)

The 3rd Generation Partnership Project (3GPP) started several activities in defining the 5G Next
Generation Network/System, which focus on the network and the next generation access technologies
for the radio.
The 3GPP Next Generation Network/System work is split in three releases: Release 14, Release 15
and Release 16.
The time line for the three releases is shown in Table 4.
The three-stage methodology as defined by ITU-T, is applied in 3GPP:
•

Stage 1 is an overall service description from the user's standpoint.

•

Stage 2 is an overall description of the organisation of the network functions to map service
requirements into network capabilities.

•

Stage 3 is the definition of switching and signalling capabilities needed to support services
defined in Stage 1.

Release

Stage 1 freeze

Stage 2 freeze

Stage 3 freeze

Release 14

June 2016

September 2016

March 2017

Release 15

June 2017

December 2017

June 2018

Release 16

December 2018

June 2019

December 2019

Table 4: Time line for Release 14, 15 and 16 on Next Generation Networks/Systems
In Release 14, the Stage 1 study has been initiated by 3GPP SA1 which focuses on a feasibility study
on new services and markets technology enablers associated with the 5G Next Generation
Network/System and it identifies the use cases to be considered by 3GPP in this area. This 3GPP SA1
study describes 74 use cases. The potential service requirements and as well as the potential
operational requirements related to each of these use cases are briefly described.
As a result of the 3GPP TR 22.891 study, 3GPP SA1 started four other study documents that provide
more details on use cases and requirements in the following areas:
•

Massive Internet of Things

•

Critical communications
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•

Enhanced Mobile Broadband (eMBB)

•

Network Operations (NEO), which focuses on how 3GPP network operators can support
network operations such as network slicing, multi-network connectivity, network capability
exposure.

The Release 14 Stage 2 activities focus on the 3GPP Study on Architecture for Next Generation
System and are driven by 3GPP SA2 and are documented in 3GPP TR 23.799. The 3GPP Release 15
Stage 2 specifications started in 2017 and are documented in 3GPP TS 23.501 and 3GPP TS 23.502.
The Release 14 security activities are driven by 3GPP SA3 and are focusing on the study on the
security aspects of the next generation system, which is documented in 3GPP TR 33.899.
In addition to the above, 3GPP Technical Specifications Group Radio Access Network (TSG RAN)
focuses on 3GPP TR 38.913 and it will be focusing on a new approved work item that aims to develop
a new radio access technology to meet the use cases defined in 3GPP TR 38.913.
3GPP TR 38.913 is a study of the scenarios and requirements for next generation access technologies
taking into account the ITU-R IMT-2020 requirements. The families of the usage scenarios for IMT
2020 and beyond included in 3GPP TR 33.899 are:
•

Enhanced Mobile Broadband (eMBB),

•

Massive Machine Type Communications (mMTC),

•

Ultra-Reliable and Low Latency Communications (URLLC).

The Non-Roaming 5G System Architecture in reference point representation defined in 3GPP TR
23.799 and 3GPP TS 23.501 is provided in Figure 40.

AUSF

N13

Control Plane

UDM

N12

N8

AMF

N10

N11

SMF

N14
N1

N7

PCF

N5

AF

N15
N4

N2

User Plane
UE

(R)AN

N3

UPF

N6

DN

N9

Figure 40: Non-Roaming 5G System Architecture in reference point representation,
based on 3GPP TS 23.501
The reference points used in the 5G System Architecture are the following ones:
•

N1: Reference point between the User Equipment (UE) and the Control Plane (CP) functions.
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•

N2: Reference point between the RAN and the CP functions.

•

N3: Reference point between the RAN and the User Plane (UP) functions.

•

N4: Reference point between the CP functions and the UP (User Plane) functions.

•

N5: Reference point between the CP functions and an Application Function.

•

N6: Reference point between the UP functions and a Data Network (DN).

•

N7: Reference point between the Session Management function (SMF) and the Policy Control
function (PCF).

•

N7r: Reference point between the Visited-PCF (V-PCF) and the Home-PCF (H-PCF).

•

N8: Reference point between Unified Data Management (UDM) and Access and Mobility
Management function (AMF).

•

N9: Reference point between two Core User Plane Functions (UPFs).

•

N10: Reference point between UDM and SMF.

•

N11: Reference point between AMF and SMF.

•

N12: Reference point between AMF and Authentication Server function (AUSF).

•

N13: Reference point between UDM and AUSF.

•

N14: Reference point between two AMFs.

•

N15: Reference point between the PCF and the AMF in case of non-roaming scenario, V-PCF
and AMF in case of roaming scenario.

•

N16: Reference point between two SMFs, (in roaming case between V-SMF and the H-SMF).

7.2.4

Internet Engineering Task Force (IETF)

The mission of the IETF is to make Internet work better by producing high-quality, relevant technical
documents that influence the way people design, use, and manage the Internet. IETF is specifying the
IPv4 and IPv6 protocol suites which are documented in several RFCs (Request for Comments).
Moreover, IETF is providing recommendations on the IPv4 - IPv6 transition, for details see ETSI GR
IP6 006. In addition to this IETF is also providing guidelines for operators and other mobile cellular
stakeholders on how to apply and use IPv6 in mobile cellular systems.
In particular, the main RFCs that provide considerations for IPv6 deployment in mobile networks are
listed below:
•

Internet Protocol Version 6 (IPv6) for Some Second and Third Generation Cellular Hosts.

•

Basic Requirements for IPv6 Customer Edge Routers.

•

Mobile Networks Considerations for IPv6 Deployment.

•

IPv6 in 3rd Generation Partnership Project (3GPP) Evolved Packet System (EPS).

•

IPv6 Node Requirements.

•

IPv6 for Third Generation Partnership Project (3GPP) Cellular Hosts.
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•

Extending an IPv6 /64 Prefix from a Third Generation Partnership Project (3GPP) Mobile
Interface to a LAN Link.

•

Analysis of Failure Cases in IPv6 Roaming Scenarios.

A summary of the recommendations provided on IETF RFC and IETF RFC 6459 that focus on IPv6 in
mobile networks and in the 3GPP EPS, respectively, is provided below.
The main mobile networks considerations for IPv6 deployment described in IETF RFC 6342 are the
following ones:
•

Due to the fact that mobile service providers are willing to conserve their available IPv4 pool
while deploying IPv6 it implies that there is a need for network address translation in mobile
networks. Mobile networks can make use of the IETF dual-stack model specified in IETF
RFC 4213.

•

Placement of NAT functionality in mobile networks: Two types can be considered, for private
IPv4 address pool management, the centralised and distributed models:

•

•

-

The distributed model achieves a good operation efficiency, since each Mobile Network
Gateway (MNG) can manage its own NET10 pool, and reuse the available private IPv4
pool avoiding the issues associated with the non-unique private IPv4 addresses for the
Mobile Nodes (MNs) without additional protocol mechanisms. The MNG is the MN’s
default router, which provides IP address management. Furthermore, the distributed
model also augments the "subscriber management" functions at an MNG, such as readily
enabling NAT session correlation with the rest of the subscriber session state.

-

By using the centralised IP address management, the mobile service providers can
continue their legacy architecture by placing the NAT at a common node. Moreover, the
centralised model can also achieve private IPv4 address reuse but it needs additional
enhancements, such as additional protocol extensions to differentiate overlapping
addresses at the common NAT and as well as to integrate with the policy and billing
infrastructure.

IPv6-only mobile network deployments: This deployment model is can be considered to be
feasible in the LTE (Long Term Evolution) architecture for a mobile network operator's own
services and applications. However, the following considerations need to be taken into
account:
-

existing MNs still expect IPv4 address assignment,

-

roaming, which is unique to mobile networks, requires that a provider support IPv4
connectivity when its (outbound) users roam into a mobile network that is not IPv6enabled,

-

a provider needs to support IPv4 connectivity for (inbound) users whose MNs are not
IPv6-capable,

-

IPv6-IPv4 interworking is necessary for IPv6-only MNs to access the IPv4 Internet.

Fixed-Mobile Convergence: Fixed and mobile networks impose different requirements on the
IPv6 deployments. IETF RFC 6342 shows that harmonisation of functions may be possible
across the access networks. However, the service provider's core network is perhaps bettersuited for converged network architecture. Similar gains in convergence are feasible in the
service and application layers.

The key conclusions derived in IETF RFC 6459 regarding the use of IPv6 in 3GPP EPS are the
following ones.
The 3GPP network architecture and specifications define appropriate PDP context types that enable
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IPv4 and IPv6 connections. A Packet Data Protocol (PDP) context is the equivalent of a virtual
connection between the User Equipment (UE) and a Packet Data Network (PDN) using a specific
gateway.
It is important that main 3GPP mobile network entities, such as the Serving GPRS Support Node
(SGSN) and the Gateway GPRS Support Node (GGSN) are supporting the IETF dual-stack model and
connectivity.
Regarding devices and applications, it is recommended, that while they are being upgraded to support
IPv6, they can start leveraging the IPv6 connectivity provided by the networks while maintaining the
ability to fall back to IPv4.

7.2.5

5G Infrastructure Public Private Partnership (5G-PPP)

The 5G Infrastructure Public Private Partnership (https://5g-ppp.eu/) has been initiated by the EU
Commission and industry manufacturers, telecommunications operators, service providers, SMEs and
researchers. The main objective of 5G-PPP is to deliver solutions, architectures, technologies and
standards for the ubiquitous next generation communication infrastructures of the coming decade. The
5G-PPP initiative stimulates the development of a shared vision for the next generation of
communications infrastructure beyond 2020, which include actions for leveraging 5G research to
improve competitiveness and innovation in order to stimulate economic growth and more job creation
in other industrial sectors.
The 5G-PPP brings a long- term commitment from both the private and the public actors to invest in
achieving these objectives and the PPP will play a key role in formulating the research and innovation
priorities to be supported in European Horizon 2020 research and development programme.
The 5G architecture developed by 5G-PPP is shown in Figure 41. It consists of RATs that can support
Device to Device, Moving Networks, Massive Machine Communications using Wireless Access,
Wireless front haul, Wired front haul and backhaul. Moreover, in addition to RATs, the 5G
architecture can support internet of things (ephemeral) networks. An aggregation network, which
forms the core network, provides local, regional, national connectivity between the RATs, the
ephemeral network and the Internet. The aggregation network consists of centralised functions and
Operations Administration and Management (OAM) functions.

Figure 41: 5G Architecture
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7.2.6

Focus Group on network aspects of IMT-2020 (FG IMT 2020)

The Focus Group on network aspects of IMT-2020 (FG IMT 2020) (http://www.itu.int/en/ITUT/focusgroups/imt-2020/Pages/default.aspx) has been established in May 2015, by its parent ITU-T
Study Group 13, having as main goal to analyse how emerging 5G technologies will interact in future
networks as a preliminary study into the networking innovations required to support the development
of 5G systems. In December 2015, the FG IMT 2020 received an extension to its lifetime, having the
following specific tasks and areas of work:
•

Explore demonstrations or prototyping with other groups, notably the open-source
community.

•

Enhance aspects of network softwarisation and information-centric networking.

•

Continue to refine and develop the IMT-2020 network architecture.

•

Continue to study fixed-mobile convergence.

•

Continue to study network slicing for the front haul/backhaul network.

•

Continue to define new traffic models and associated aspects of Quality of Service (QoS) and
operations, administration and management applicable to IMT-2020 networks.

An important outcome of the FG IMT 2020 activities is that the ITU-T standardisation activity group
will be able to prioritise the alignment of 5G deliverables with those of ITU-R, ensuring that
standardisation work on the network aspects of 5G is informed by the progression of its radiotransmission systems.
The 5G architecture developed by FG IMT-2020 is depicted in TD 208. This architecture consists of
four main layers:
1)

Application

2)

Control Plane that includes the Network & Service Orchestration and the Unified Control

3)

The Data Plane, that includes RATs, front haul/backhaul, transport networks and convergent
data functions, and

4)

The Integrated Network and Service Management that influences and manages also all the
other three layers.

7.3

Best Cases on IPv6 Transition Strategies in Cellular Networks

7.3.1

Introduction

This clause describes several best cases on IPv6 strategies that have been successfully applied in
cellular systems. There are few initiatives that are monitoring and documenting the IPV6 deployments
in cellular networks. One of them is the IPv6 Forum (http://www.ipv6forum.com/), which promotes
the deployment of IPv6 by organising events and workshops where cellular network representatives
are presenting achievements and possible IPv6 roadmaps. Another initiative is the Internet Society,
which via the Deploy360 Programme (http://www.isoc.org/deploy360) provides information about
IPv6 deployments and IPv6 statistics. In addition, it maintains a list with other initiatives that provide
IPv6 statistics, see https://www.internetsociety.org/deploy360/ipv6/statistics.
World IPv6 Launch related statistics http://www.worldipv6launch.org/measurements/.
•

APNIC related statistics, measured via user's computers http://stats.labs.apnic.net/ipv6.
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•

Daily IPv6 Statistics https://www.vyncke.org/ipv6status/.

IPv6 was first introduced into the 3GPP standards with release 99 (in year 1999), but unfortunately,
was not widely implemented by equipment vendors or deployed by Mobile Network Operators. The
3GPP Release 9 (started in 2009) is considered a minor update to Release 8. However, the main
change related to the IPv6 deployment is that it introduced support in GPRS for dual-stack IPv4v6
PDP contexts on a single shared radio access bearer. Furthermore, Release 9 also resolved the
anomalous situation with Release 8 where dual-stack was supported for LTE access but not supported
for GPRS access. The 3GPP Release 10 introduced DHCPv6-Prefix Delegation, based on IETF RFC
3769 and IETF RFC 3633, to the 3GPP standards.
In the context of 3GPP IP Multimedia Subsystem (IMS), the Voice over LTE (VoLTE) system
implements Voice over IP (VoIP) using IMS instead of using Circuit Switched Fallback (CSFB). IPv6
support was in IMS from the start. It is straightforward to use IPv6 with VoLTE. In particular, IMS
requires a separate APN from the Internet Access Point Name (APN) therefore the inter-RAT and
roaming issues with Internet access APNs do not arise. It is important to note that IPv6 is mandatory
with VoLTE. All VoLTE phones have Radio Interface Layers that support IPv6. It is emphasised that
the evolution to VoLTE should act as a further stimulus to user-plane IPv6 deployment because the
User Equipment will require at least two IP addresses at the Packet Data Network Gateway (PGW),
one for Internet access and the other for VoLTE.
One of the content providers listed on 6th of June 2016, some examples of using IPv6 to solve realworld business problems:
•

Content/Service providers are in the process of migrating their Internet-connected X1 set-top
box to IPv6-only.

•

Several ISPs are now using IPv6-only interfaces for managing network devices such as cable
modems and VOIP gateways. This enables them to assign unique addresses per device, even
for many tens of millions of devices. This also frees up IPv4 addresses for residential users.

•

Several mobile networks are using IPv6-only for Android handsets (and hopefully Apple iOS
handsets soon) by using NAT64+DNS64 for access to legacy IPv4 content. Providing access
to content over IPv6 is faster than IPv4 in these environments due to being able to bypass the
NAT64 gateway. In particular, the US Operator-1, now experiences that for IPv6-enabled
handsets between 65% and 73% (off-peak vs. peak) of all bits transferred use native IPv6 and
only the remainder uses their NAT64 gateway.

•

Several social media providers are moving to IPv6-only data centres. This enables them to
eliminate needing to also manage IPv4 within their data centres. In some cases, access to
servers over IPv4 can be provided through technologies such as IETF RFC 7755, which
specifies a stateless IP/ICMP Translation Algorithm in an IPv6 Internet Data Center.

•

Several virtual hosting providers have experimented with, or already offer lower-cost
offerings for IPv6-only virtual machines. It is expected that this may become increasingly
common considering that cloud service providers run out of IPv4 address space and therefore,
start moving infrastructure and management interfaces primarily to IPv6-only. IPv4 access
can then be provided as a service or through gateways.

7.3.2

US Operators: Example 1

US Operator-1 was running out of IPv4 addresses and therefore needed an IPv6 transition strategy.
The solution that US Operator-1 adopted in 2014 was the use of 464XLAT and IPv6-only solutions.
In particular, 464XLAT is an IPv6 transition technology documented in IETF RFC 6877, which builds
on previous technologies such as NAT64 and DNS64. By using 464XLAT, IPv4 packets are translated
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to IPv6 on the customer-side translator (CLAT) and back to IPv4 on the provider-side translator
(PLAT). The key issue for US Operator-1 with just using NAT64 and DNS64 was that specific
applications, such as instant messaging apps could not function properly through NAT64. By using
464XLAT solution, US Operator-1 was able to keep these applications working, and provide native
IPv6 connectivity where possible.
US Operator-1 has taken a lead by deploying an IPv6-only network for Android, and other providers
are likely to follow, once Android iOS also supports IPv6-only. In a publication is shown that the
percentage of requests over IPv6 dual-stack sites coming from US Operator-1 to a known Content
Provider Delivery Network Provider, increased from June 2013 to May 2016 by 53.3 %.
Currently, US Operator-1 has announced that in new 5G deployments only the IPv6-only solution will
be applied. Concerning IPv6 deployments, a significant increase in the IPv6 deployments in US
Operator-1’s network took place from March 2013 to August 2018, with 93%, see
http://www.worldipv6launch.org/measurements/.

7.3.3

US Operators: Example 2

A 2nd example of an Operator in the US is a broadband telecommunications company and the largest
US wireless communications service provider as of September 2014.
US Operator-2 introduced IPv6 since the date that they started deploying 4G (LTE) in the US in 4Q
2010. The use of IPv6 is significantly increasing every year. In a publication is shown that the increase
in percent of requests over IPv6 to dual-stack sites on a known Content Delivery Network Provider
when using US Operator-2’s wireless infrastructure, from June 2013 to May 2016 by 71.5%. The US
Operator-2 provides both IPv6 and IPv4 addressing to all of its devices connected to its LTE network.
For devices with no IPv6 support or not connected by LTE, the US Operator-2 provides only IPv4
addressing - resulting in the devices using US Operator-2's IPv4 network. Thus, in the US Operator-2
network, the choice of addressing on the device is based on whether the device is connected to the
LTE network or not. In particular, there are two different methods in which the US Operator-2 routes
packets from IPv6 devices: (1) via IPv6 network with no statefull middleboxes, and (2) via IPv4-inIPv6 tunnels using Gateway Initiated Dual-Stack Lite (DS Lite) software on the phone.
Concerning IPv6 deployments, the IPv6 traffic in the US Operator-2 mobile network increased from
September 2014 to August 2018, with 88%, see http://www.worldipv6launch.org/measurements/.

7.3.4

EU Operators: Example 1

The EU Operator-1 is a Mobile Operator mainly operating in Europe, the EU Operator-1's IPv6
program started nearly 7 years ago. Incrementally planned and deployed IPv6, where already in 2013
the entire core network has been IPv6 enabled. Moreover, since 2013, the EU Operator-1's Highspeed Internet over Fibre deployed infrastructure is IPv6 enabled and launched with live customers.
Currently, nearly 70% of the EU Operator-1's residential users are IPv6 enabled. Furthermore, the
management of peripherals is done for 91% through IPv6. IPv6 at modem-only installs has been
enabled since the end of 2016.
Concerning the IPv6 deployments, the IPv6 traffic in the EU Operator-1's mobile network increased
from February 2014 to August 2018, with 68%, see http://www.worldipv6launch.org/measurements/.

7.3.5

EU Operators: Example 2

The EU Operator-2, i.e. is a mobile operator that operates in Europe. The main service that EU
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Operator-2 introduced with IPv6 was the Fixed Broadband Next Generation Access. In particular, all
FTTH (Fibre To The Home) and VDSL2 (Very high-speed Digital Subscriber Line 2) connections are
IPv6 capable. This applies to wholesale, retail and managed customers.
The future the EU Operator-2 mobile operator developments that will support IPv6 are expected to be
the following:
•

Guest-WiFi/WLAN through TWAG (Trusted Wireless Access Gateway), where each User
Equipment gets a /64 prefix.

•

IMS for VoIP and VoLTE (Voice over LTE).

•

Mobile Internet data APN supports 464XLAT, where Home Location Register (HLR)
provisioning update is needed to allow all subscribers to use the IPv6 based APN protocol.

This operator is a late starter in IPv6 deployments. However, the IPv6 traffic in the EU Operator-2
mobile
IPv6
increased from
April
2017
to August
2018,
to 40%,
see
http://www.worldipv6launch.org/measurements/

7.3.6

EU Operators: Example 3

The EU Operator-3is a mobile operator that operates in Europe. The Operator in Europe 3 started
introducing IPv6 deployments in their mobile network in 2011. Some key deployment steps followed
by the Operator in Europe 3 are provided below:
•

May 2011:
GGSN servicing IPv6 only, single stack APN setup,
Open source NAT 64,
IPv6 only access was a success.

•

February 2012:
SGSN Software upgrade to support dual-stack.

•

July 2012:
GGSN upgrade to support dual-stack.

•

August 2012:
HLR software upgrade to support dual-stack APN type.

•

November 2012:
LTE introduction with dual-stack support APN,
LTE dongle v4/v6 success.

•

February 2013:
Dual-stack connection success over single PDP from mobile handset.

•

End 2013
Configuration homogenisation,
IP Core network readiness,
IPv4/IPv6 type for APN "Internet".

•

2014:
Testing with roaming partners.

•

July 2015:
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-

Mass market "Internet" APN dual-stack configured on all production infrastructure.

•

January 2016:
All new subscribers provisioned with dual-stack configuration.

•

February - April 2016:
All users IPv6 configured,
Customer Care Training.

•

September 2016:
Samsung support for IPv6.

•

Future:
Apple support,
IPv6 only with NAT64/DNS64.

Since January 2016, all new subscribers have been provisioned with IPv6 dual-stack. This resulted in a
significant increase in the IPv6 traffic in the EU Operator-3 mobile network from September 2016 to
August 2018 with 48%, see http://www.worldipv6launch.org/measurements/
The IPV6 transition mechanism used is the dual-stack, which consists of IPv6 and Private IPv4 with
Port Address Translation.

7.3.7

EU Operators: Example 4

The EU Operator-4 uses, for fixed networks, the base recommendation for IPv4 to IPv6 transition; i.e.
the IPv6 dual-stack. Moreover, DS Lite is used as the Group-wise recommendation to ensure IPv4
service continuity, while the Address plus Port approach (IETF RFC 6346: "The Address plus Port
(A+P) Approach to the IPv4 Address Shortage") is used as the CGN exit strategy. For mobile
networks, IPv6 only + NAT64 is deployed in some affiliates of the Group.
According to ETSI GR IP6 006, as per 2016, there are around 1.5 million EU Operator-4 subscribers
that are supported/delivered using IPv6 connectivity.
Concerning the IPv6 deployments, the IPv6 traffic in the EU Operator-4 mobile network increased
from September 2016 to August 2018 with 40%, see http://www.worldipv6launch.org/measurements/

7.3.8

China Operators: Example 1

The China Operator-1 is a fixed and mobile operator that operates in China. In particular, the China
Operator-1 plays a main role in the market of fixed networks in China. According to ETSI GR IP6
006, the China Operator-1 started deploying IPv6 in its 4G mobile networks with dual-stack in 2
provinces since May 2015, and more than 60 % of the online 4G users are IPv6-enabled. Currently,
the backbone network of the China Operator-1 is 100% IPv6 deployed, while the percentage of IPv6
deployment is 70% in Metropolitan Area Networks (MANs).
In September 2018, the IPv6 China Operator-1 counted 100 million IPv6 online subscribers.
Moreover, by September 2018 the whole China Operator-1 4G mobile network started to provide
IPv6 access services and the IPv6 penetration rate for 4G is nearly 60%.
The China Operator-1 is using a broad set of IPv6 transition technologies. They are even the
proposer/proponent of Lightweight 4over6. For the IPv4 to IPv6 transition the China Operator-1 is
implementing dual-stack, DS Lite and NAT444, see ETSI GR IP6 006.
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7.3.9

China Operators: Example 2

According to ETSI GR IP6 006, the number of IPv6 users/customers represents 2-3 % of the total
number of the China Operator-2, customers. The IPv6 transition technology that the China Operator2 is using, is the dual-stack.

7.3.10 Content Delivery Network Providers: Example 1
The Content Delivery Network Provider-1 is one of the US companies that supports content delivery
using an IPv6 content delivery infrastructure. In particular, in the Content Delivery Network Provider1's content delivery infrastructure, the content delivery servers are deployed so deeply inside several
cellular ISPs' networks that the end-to-end communication between mobile devices and the Content
Delivery Network Provider-1's servers, mostly do not go outside the cellular network.

7.3.11 Content Delivery Network Providers: Example 2
The Content Delivery Network Provider-2 is a US company that helps enhancing web performance
and security. In particular, it provides a content delivery network, Internet security services and
distributed domain name server services. The Content Delivery Network Provider-2 is sitting between
the visitor and the Content Delivery Network Provider-2 user's hosting provider and acting as a reverse
proxy for websites.
In a publication, the Content Delivery Network Provider-2, shows that in the year 2016 more than 4
million Content Delivery Network Provider-2 sites are using IPv6 (which is 98,01% of the total the
Content Delivery Network Provider-2 sites). The IPv6 traffic through the Content Delivery Network
Provider-2 and supported by operator’s mobile networks varies from 2% to 6% per operator.
Moreover, in terms of devices, mobile traffic is 50% more likely to use IPv6 than desktop traffic,
where 21.4% of mobile traffic uses IPv6 traffic, whereas only 13.6% of desktop traffic is over IPv6.
In the last months of 2016, the Content Delivery Network Provider-2 enabled IPv6 for around 100’000
sites a day, monitoring how their systems are operated and how the traffic behaved. From these
measurements was derived that visitors connecting over IPv6 were able to connect and load pages in
27 % less time than visitors connecting over IPv4.
According to the same publication, the IPv6 enabled sites are faster compared to the IPv4 enabled
ones, for two reasons:
•

several major operating systems and browsers impose anywhere from a 25ms to 300ms
artificial delay on connections made over IPv4,

•

mobile networks will not need to perform extra IPv4 to IPv6 and IPv6 to IPv4 translations to
connect visitors to IPv6 enabled sites if the mobile phone is only assigned an IPv6 address.

7.3.12 Social Media Providers: Example 1
Social Media Provider-1 is heavily involved on realising the transition from IPv4 to IPv6 due to
following reasons:
•

Not efficient to maintain two stacks in the entire network.

•

It is more efficient to handle two stacks at the edge of the network and one internally.

•

Stop engineers from continually writing IPv4 only code that will need to be modified later.
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•

Push the industry to move faster and re-prioritise IPv6.

The Social Media Provider-1 focused lately on providing:
•

IPv6 only for host - host communication; and

•

deployed a number of IPv6-only clusters in 2014, such as frontend (web client), Service
Cluster (newsfeed) and development in (C++), by:
-

forcing engineers to work without IPv4; and

-

enabled IPv6 VPN for remote access.

The IPv6 Internet traffic, as seen by the Social Media Provider-1, is doubling each year. However,
several reasons have been identified as to why and how IPv4 is required for an IPv6-only network:
•

IPv4 internet traffic is still being terminated in IPv6-only clusters, since not all IPv4 traffic
can be forwarded up to the edge,

•

the access layer still uses IPv4; this is due to the fact that it requires no special hardware or
software and it allows the Social Media Provider-1 developers to implement stateless and
simple solutions for IPv4, while being used only for Boarder Gateway Protocol (BGP)
peering/routing,

•

the same IETF RFC 1918 IPv4 address block is used for every cluster that is built and
therefore not consuming any new IPv4 space within the Social Media Provider-1 network,

•

implemented IPv4 in IPv6 tunnelling for IPVS -Linux 3.18,

•

using IPv4 link-local addresses on Linux hosts and rack switches by peering with the top of
rack switch to inject IPv4 routes and being completely stateless and without requiring any
special hardware,

•

being forced to use IPv4 for interconnects in the Social Media Provider-1 fabric clusters,
without implementing IETF RFC 5549 and where two peering sessions per interconnect are
applied:

•

-

IPv4 BGP session using reusable IETF RFC 1918 space,

-

IPv6 BGP session using unique allocations,

vendors are not moving fast enough to satisfy the IPv6 transition needs of the Social Media
Provider-1.

The results of the Social Media Provider-1 experiments conclude that the mobile performance in terms
of HTTP GET completion and Total Request time is much higher on IPv6 networks compared to IPv4.
From these experiments it can be seen that the IPv6 connections are as 40% faster than IPv4.
However, it was as well recommended that more active research is needed in this area to identify what
causes these differences. For example, one of the reasons could be that the CG-NAT introduces
significant delays in the end to end latency.
It has been revealed in a later publication that the Social Media Provider-1 announced that IPv6
accounts for almost 50% of the Social Media Provider-1's 4G smart phone traffic in the US and
predicted that it will come to dominate IPv4 as major networking and Internet companies continue to
push the IPv6 technology. Moreover, it was emphasised that after extensive testing and analysis it has
been showed that IPv6 is 15 % faster than IPv4 for the Social Media Provider-1 users and highlighted
the removal of NAT devices from the forwarding path as the most significant reason for this
improvement.
Based on the above results, the Social Media Provider-1 recommends and stimulates more Mobile
Network Operators to deploy IPv6 in order to realise the following objectives:
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•

improve latency to the user,

•

better experience over all,

•

more IPv6 enabled users means more traffic, since it gives incentive to content providers to
enable IPv6,

•

improved peer-peer between phones.

7.3.13 Example of Web Performance Improvement in Cellular Networks using
IPv6
This clause shows an example of improvements on the Web performance in the US cellular mobile
networks from the point of view of the Content Delivery Network Provider-1's content delivery
infrastructure when using IPv6 networks.
The content delivery servers in the Content Delivery Network Provider-1's content delivery
infrastructure are deployed so deeply inside several cellular mobile ISP networks that the end-to-end
communication between mobile devices and the Content Delivery Network Provider-1's servers,
mostly do not go outside the cellular mobile network. In particular, the way of the Content Delivery
Network Provider-1's content delivery infrastructure is deployed, it enabled to view the end-to-end
cellular ecosystem between mobile devices and cellular gateways and evaluate how content is
delivered over cellular IPv6 networks from the perspective of content providers, mobile network
operators (ISPs), and other content delivery networks (CDNs).
A study was made to investigate the IPv6 performance across several factors that influence Web
performance on cellular networks. In order to compare the IPv6 and IPv4 networks three types of
experiments were accomplished:
1. RTT (Round Trip Time) of the communication between clients and CDN (Content Delivery
Networks),
2. DNS Lookup Time distribution needed to resolve names from cellular Domain Name Servers
for different cellular US mobile network operators,
3. Webpage Page Load Time (PLT) distribution for dual-stack in different cellular US mobile
network operators.
For details on the scenarios used and the definition of the applied performance metrics, see the
associated paper in ACM Mobicom, New York, 2016.
Some highlights include the assessment of the IPv6 performance for 4 major US cellular mobile
network operators, i.e. US Operator-1, US Operator-2, US Operator-3 and US Operator-4. Moreover,
a comparison was made between IPv6 native, IPv4, and NAT64/DS Lite deployments. During these
experiments, the Content Delivery Network Provider-1’s CDN infrastructure has been used, where a
significant dataset was collected, consisting of millions of data points capturing the measured IPv6 and
IPv4 performance, during the months of January 2015 - August 2015.
In order to compare the Web performance perceived by end-users on IPv6 and IPv4 networks, the
study used the Content Delivery Network Provider-1's Real User Monitoring (RUM) system, see e.g.,
https://www.akamai.com/us/en/resources/real-user-monitoring.jsp. Moreover, the collected dataset
was processed and filtered out such that the only performance values that were recorded are the ones
associated with the webpages loaded on (1) Android devices and (2) Google Chrome browsers. In
order to remove any influence of Performance Enhancing Proxies (PEPs), in terms of Web content
caching and TCP split connections in the dataset, the study considered latency for only Hypertext
Transfer Protocol Secure (HTTPS) sessions. In this way latency for HTTPS sessions enabled them to
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accurately estimate the latency between CDN servers and client devices and ensure that the estimated
latency is not between servers and PEPs in cellular networks.
The conclusions derived from the RTT (Round Trip Time) of the communication between subscribers
and CDN experiments, are as follows:
•

•

•

In the case of US Operator-1, the RTT for sessions over IPv6 network is lower than the
sessions running on an IPv4 network. In particular, for median and for 80% of the sessions:
-

RTT over IPv6 network is 49% faster than the RTT in scenario where the IPv6 clients are
connected to IPv4 servers via NAT 64 middleboxes.

-

RTT over IPv6 network is 64% faster than the RTT in scenario where the IPv4 clients are
connected to the IPv4 servers, over the IPv4 network.

In the case of US Operator-2 the RTT for sessions over IPv6 network is similar to the RTT in
scenario that uses IPv4-IPv6 tunnels and DS Lite sessions. Moreover, the same experiments
show that the RTT over IPv4 networks experiences a higher latency than the RTTs in the two
other scenarios, which is mainly influenced by the use of Carrier Grade NATs and Large Scale
NATs. In particular, for median and for 80% of the sessions:
-

RTT over IPv6 network is 29% faster than the RTT in scenario that uses IPv4-IPv6
tunnels and DS Lite sessions.

-

RTT over IPv6 network is 44% faster than the RTT in scenario where the IPv4 clients are
connected to the IPv4 servers, over the IPv4 network.

In the case of US Operator-3 and US Operator-4, the RTT for sessions over IPv6 network is
lower than the sessions running on an IPv4 network. In particular, for median and for 80% of
the sessions:
-

RTT over IPv6 network is 17% faster than the RTT in scenario that uses IPv6 clients that
are connected to IPv4 servers, using dual-stack implementations.

-

RTT over IPv6 network is 24% faster than the RTT in scenario where the IPv4 clients are
connected to the IPv4 servers, over the IPv4 network.

On the time to resolve domain names from cellular DNS experiments, the following conclusions can
be derived:
•

The DNS Lookup Time needed to resolve names from cellular DNS for the US Operator-1,
US Operator-3 and US Operator-4, is higher for IPv6 clients than IPv4 clients. For the US
Operator-2, the DNS Lookup Time is approximately equal for IPv6 and IPv4 clients.

•

One of the reasons for these DNS Lookup Time differences for IPv6 and IPv4 clients, is the
different technique followed by IPv6 and IPv4 clients for resolving domain names via type A
queries.

On the webpage PLT distribution for dual-stack in different cellular carriers in the US, the following
conclusions can be derived:
•

•

In the case of US Operator-1 the webpage PLT for median and for 80% of the page loads:
-

Website PLTs over IPv6 network are 9% faster than the website PLTs in the scenario
where the IPv6 clients are connected to IPv4 servers via NAT 64 middleboxes.

-

Website PLTs over IPv6 network are 14% faster than the website PLTs in the scenario
where the IPv4 clients are connected to the IPv4 servers, over the IPv4 network.

In the case of US Operator-2 the webpage PLTs for median and for 80% of the page loads:
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•

-

Website PLTs over IPv6 network are 48% faster than the website PLTs in scenario that
uses IPv4-IPv6 tunnels and DS Lite sessions.

-

PLTs over IPv6 network are 64% faster than the website PLTs in scenario where the IPv4
clients are connected to the IPv4 servers, over the IPv4 network.

In the case of US Operator-3 and US Operator-4, the website PLTs over IPv6 network are
lower than the website PLTs over IPv4 networks

In general, it can be observed that for all four US mobile network operators, the PLTs of pages loaded
by IPv6 clients over IPv6 networks are lower than PLTs of the same pages loaded by IPv4 clients over
the respective carrier's IPv4 networks. It is interesting to observe that, despite DNS lookup times being
higher for IPv6 clients, the PLTs are lower for IPv6 clients loading pages over IPv6 network.
Moreover, it is argued that actual benefits of using the faster IPv6 network can be observed when
several round trips are needed to load multiple Web objects.
The main conclusions driven by this study are as follows:
•

RTT, DNS lookup and Webpage PLT experiments on Content Delivery Network Provider-1's
content delivery infrastructure show that IPv6 based mobile networks outperform IPv4 based
mobile networks deployed by the same cellular mobile network operator.

•

CDN RTT performance for mobile content can be improved when IPv6 networks are used,
due to the fact that in-path middleboxes for IPv6 address translation deployed by cellular
carriers are not anymore needed.

•

Cellular mobile network operators are advised to upgrade their network and support IPv6
instead of continuing deploying IPv4 technologies in their cellular mobile network.

7.4

5G and Internet of Things (IoT)

The current and previous generations of mobile networks enabled voice, data, video, and other lifechanging services. It is expected that the 5th Generation (5G) mobile networks will change our society
by opening up the telecom ecosystem to vertical industries. 5G will help vertical industries to achieve
the "Internet of Things" (IoT) vision of ubiquitously connected, highly reliable, ultra-low latency
services for massive number of devices. Moreover, the 5G networks are not only envisioned as a
support for IoT, but also as means to give rise to an unprecedented scale of emerging industries,
instilling an infinite vitality in future telecommunications. Extensive studies have shown that IoT
requires support for a diverse range of service types, such as eHealth, Internet of Vehicles (IoV), smart
households, industrial control, environment monitoring, and so on. It is expected that these services
will drive the rapid growth of IoT and facilitate hundreds of billions of devices to connect to the
network, which also conceives the IoT vision especially from vertical industries. In particular, IPv6
can be seen as one of the main drivers for the rapid growth realisation and deployment of IoT.
Therefore, the conclusions and recommendations derived in ETSI GR IP6 008, apply also in the
context of 5G.

7.5

Possible IPv6 Transition Strategies in 5G

The IPv6 transition strategies in 5G mobile networks are similar to the ones described in ETSI GR IP6
006. In particular, due to:
1)

the performance improvements seen in IPv6 deployments,

2)

support of multi layered secure networking, see e.g. ETSI GR IP6 008, and
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3)

the deployment of IPv6 by large content provider, mobile operators are being stimulated to
deploy IPv6 in their 4G mobile networks. This trend is expected to be continued for 5G
mobile networks.

However, due to the fact that only a few applications or services are available only in IPv6, it is
expected that it will take a long time until all IPv4-only services will be transitioned to IPv6.
Therefore, it is expected that IPv4 and IPv6 will co-exist for a long time, and thus, even in the
presence of IPv6-deployment, IPv4 provisioning needs to be considered.
It is important to notice that many operators are reluctant to share their IPv6 transition strategy in 4G
mobile networks, since it is considered to be a trade secret. It is expected that this holds also for the
IPv6 Transition Strategies that will be followed by mobile operators in 5G mobile networks.
Some of the applied IPv4 - IPv6 transition strategies by mobile operators in their 4G mobile networks
are:
•

EU Operator-1: Incrementally planned and deployed IPv6, where already in 2013, the entire
core network has been IPv6 enabled.

•

EU Operator-2: 464XLAT.

•

EU Operator-3: IPv6 dual-stack, expected to deploy in the future: IPv6 only with
NAT64/DNS64.

•

EU Operator-4: In IPv6 only + NAT64.

•

China Operator-1: IPv6 dual-stack, DS Lite and NAT444.

•

China Operator-2: IPv6 dual-stack.

•

US Operator-1: use of 464XLAT and IPv6-only solutions, since 2014. Currently, deploying
only IPv6-only solutions.

•

US Operator-2: routes packets from IPv6 devices:
-

via IPv6 network with no stateful middleboxes, and

-

via IPv4-in-IPv6 tunnels using Gateway Initiated Dual-Stack Lite (DS Lite) software on
the phone.

7.6

Lessons Learned

The sooner a cohesive strategy for 5G and IPv6 is developed and applied into among others in
standardisation and research, the sooner the benefits and risks of using IPv6 in 5G will be validated. In
overall, this will enable the fast deployment and success of 5G. This section uses the information
provided in the previous sections and derives the lessons learned:
•

According to press releases coming from law enforcement units, e.g. Europol, the carrier
grade NAT technology is creating a serious online capability gap in law enforcement efforts to
investigate and attribute crime and recommendations are being done towards ISPs and mobile
operators to stop using this technology. This can be experienced as an important stimulus by
mobile operators to start deploying IPv6 in their future 5G networks.

•

Mobile operators are currently being stimulated to deploy IPv6 in their 4G mobile networks
due to:
-

the performance improvements seen in IPv6 deployments,

-

support of multi layered secure networking, see e.g. ETSI GR IP6 008, and
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-

•

7.7

the deployment of IPv6 by large content provider. This trend is expected to be continued
for 5G mobile networks. However, it is expected that IPv4 and IPv6 will co-exist also in
5G deployments due to the fact that only a few applications or services are currently
available only in IPv6. This means that even in the presence of IPv6-deployments, IPv4
provisioning needs to be considered.

5G will help vertical industries to achieve the "Internet of Things" (IoT) vision of ubiquitously
connected, highly reliable, ultra-low latency services for massive number of devices. In
particular, IPv6 can be seen as one of the main drivers for the rapid growth realisation and
deployment of IoT.

Conclusions

IPv6 can support the 5G infrastructure deployments with performance improvements and more secure
multi-layered secure networking compared to IPv4 based infrastructures. Moreover, since it is
expected that 5G will help vertical industries to achieve the "Internet of Things" (IoT) vision, IPv6 can
enables the scalability required by the IoT and can provide enhancement from IPv4 in the field of for
example, mobility support, stateless address auto-configuration, support of constraint devices and
security.
It is important to be as well noted that one of the operators in the US announced that in new 5G
deployments only the IPv6-only solution will be applied.
It is however, expected that IPv4 and IPv6 will co-exist also in 5G deployments due to the fact that
only a few applications or services are currently available only in IPv6. This means that even in the
presence of IPv6-deployments, IPv4 provisioning needs to be considered.

The following people have specifically contributed to the Annex on “IPv6-based 5G Mobile Wireless
Internet”
Georgios Karagiannis, Huawei, Germany, rapporteur of IPv6-based 5G Mobile Wireless Internet
Latif Ladid, Chair, ETSI IP6 ISG, University of Luxembourg

© EXCITING Consortium 2016-2018

Page 82 of 86

D3.4: Harmonisation of Standards for 5G Technologies, version 1.0

REFERENCES
[1]

Wikipedia, “Standardization”, Wikipedia, [Online]
https://en.wikipedia.org/wiki/Standardization.

[2]

Institute of Electrical and Electronics Engineers (IEEE), “IEEE - Purpose of Standards
Education”, IEEE, 29 June 2018. [Online]
https://www.ieee.org/standards/why.html.

[3]

A. Updegrove, “Standard Setting Organizations and Standards List”, Consortiuminfo.org,
[Online]
https://www.consortiuminfo.org/links/.

[4]

ITU-T, “Understanding patents, competition & standardization in an interconnected world”,
ITU, Geneva, 2014.

[5]

A. Portugal‐Perez ,J.‐D. Reyes and J. S. Wilson, “Beyond the Information Technology
Agreement: Harmonisation of Standards and Trade in Electronics”, The World Economy, vol.
33, pp. 1870-1897, 24 December 2010. https://doi.org/10.1111/j.1467-9701.2010.01300.x

[6]

European Commission, “ICT Standardisation Priorities for the Digital Single Market”,
19.4.2016.

[7]

M. Gerst, “IPKey - IPR in Standardisation”, 2016.

[8]

T. Tjelta, “Spectrum for 5G”, in: 5G IA presentation at EUCNC 2017, Oulu, 2017.

[9]

T. Pohlmann and K. Blind, “Landscaping study on Standard Essential Patents (SEPs)”,
European Commission, DG GROW Unit F.5, Brussels, 2016. [Online]
https://ec.europa.eu/growth/content/landscaping-study-standard-essential-patents-europe-0_en.

[10] AQSIQ, “General Administration of Quality Supervision,Inspection and Quarantine of the
People's Republic of China - Mission”, AQSIQ, 9 June 2017. [Online]
http://english.aqsiq.gov.cn/AboutAQSIQ/.
[11] Standardization Administration of the People's Republic of China (SAC), “Who we are”, SAC
[Online]
http://www.sac.gov.cn/sacen/aboutsac/who_we_are/201411/t20141118_169916.htm.
[12] China Communications Standards Association (CCSA), “CCSA Annual Report 2016”, CCSA,
May 2017.
[13] B. Xu, “SESEC III China IT/ICT Standardization Newsletter January, February, March 2018”,
2018.
[14] J.M.Gidley, Z.A.Zhang, Y.Ying and Noah A. Brumfield, “China Merges Antitrust Enforcement
Agencies into One, as its Anti-monopoly Law Approaches 10th Anniversary”, 29 March 2018.
[Online]
https://www.whitecase.com/publications/alert/china-merges-antitrust-enforcement-agencies-oneits-anti-monopoly-law-approaches.

© EXCITING Consortium 2016-2018

Page 83 of 86

D3.4: Harmonisation of Standards for 5G Technologies, version 1.0

[15] C. Liu, “Chinese company files more European patent applications than any other”, China Daily,
7 March 2018. [Online]
http://www.chinadaily.com.cn/a/201803/07/WS5a9fa438a3106e7dcc140307.html.
[16] S. Decker, “China Becomes One of the Top 5 U.S. Patent Recipients for the First Time”,
Bloomberg LP, 09 January 2018. [Online]
https://www.bloomberg.com/news/articles/2018-01-09/china-enters-top-5-of-u-s-patentrecipients-for-the-first-time.
[17] E. Lee, “Telecom Services, The Geopolitics of 5G and IoT”, Jefferies Group LLC, 2017.
[18] Mobile World Live, “Preparing to lead in 5G and its key use cases”, 4 October 2017. [Online]
https://www.mobileworldlive.com/m360-mena-2017-articles/qa-preparing-to-lead-in-5g-and-itskey-use-cases/.
[19] S.Ouyang and J.Yang, “China joins top ranks in field of 5G technology”, China Daily, 13 March
2018. [Online]
http://www.chinadaily.com.cn/a/201803/13/WS5aa72934a3106e7dcc1413c2.html.
[20] United States Information Technology Office (USITO), “CAE Commences Research on China
Standards 2035”, USITO, 2018. [Online]
http://www.usito.org/news/cae-commences-research-china-standards-2035.
[21] S. Brachmann, “Chinese support of indigenous innovation is problematic for foreign IP owners”,
IPWatchdog, 9 April 2015. [Online]
https://www.ipwatchdog.com/2015/04/09/chinese-indigenous-innovation-problematic-foreignip-owners/id=56525/.
[22] S. Lubman, “Changes to China’s ‘Indigenous Innovation’ Policy: Don’t Get Too Excited”, The
Wall Street Journal, 22 July 2011. [Online]
https://blogs.wsj.com/chinarealtime/2011/07/22/changes-to-chinas-indigenous-innovationpolicy-dont-get-too-excited/.
[23] E. Kania, “China's Play for 5G Dominance: Standards and the Digital Silk Road”, Center for
Advanced China Research, 18 June 2018. [Online]
https://www.ccpwatch.org/single-post/2018/06/25/Chinas-Play-for-5G-Dominance-Standardsand-the-Digital-Silk-Road.
[24] http://www.chinaisgood.com/, “"The Belt and Road" cannot do without the standardization of
personnel”, 25 December 2017. [Online]
http://www.chinaisgood.com/wn/75/mhfjixamh.html.
[25] I. Casaburi, “Chinese investment trends in Europe, 2016-17 Report”, ESADE China Europe
Club, 2017.
[26] Z. Yang, Priorities of CCSA, Vienna, 2017.
[27] R. L. Maistre, “Huawei Commits Up to $20B for Annual R&D, Fleshes Out AI Pitch”, Light
Reading, 08 February 2018. [Online]
https://www.lightreading.com/artificial-intelligence-machine-learning/huawei-commits-up-to$20b-for-annual-randd-fleshes-out-ai-pitch/d/d-id/740446.
[28] Huawei, “Huawei in Europe”, [Online]
https://www.huawei.com/ch-en/about-huawei/huawei-europe.

© EXCITING Consortium 2016-2018

Page 84 of 86

D3.4: Harmonisation of Standards for 5G Technologies, version 1.0

[29] P. Pawlicki, “Challenger multinationals in telecommunications: Huawei and ZTE”, ETUI aisbl,
Brussels, 2017.
[30] S. Chase and R. Fife, “U.S. lawmakers call for investigation into Huawei’s university
partnerships”, The Globe and Mail, 20 June 2018. [Online]
https://www.theglobeandmail.com/politics/article-us-lawmakers-call-for-investigation-intohuaweis-university/.
[31] Huawei, Huawei Research & University Partnership, 2017.
[32] World Intellectual Property Organization (WIPO), “China Drives International Patent
Applications to Record Heights; Demand Rising for Trademark and Industrial Design
Protection”, WIPO, 21 March 2018. [Online]
http://www.wipo.int/pressroom/en/articles/2018/article_0002.html.
[33] J. Chadwick, “Huawei the biggest filer of patents with the EPO in 2017”, ZDNet, 9 March 2018.
[Online]
https://www.zdnet.com/article/huawei-the-biggest-filer-of-patents-with-the-epo-in-2017/.
[34] CISION PRNewswire, “ZTE Moves to No. 1 in World Intellectual Property Organization's
Patent Table”, PRNewswire, 16 March 2017. [Online]
https://www.prnewswire.com/news-releases/zte-moves-to-no-1-in-world-intellectual-propertyorganizations-patent-table-300424644.html.
[35] Stratfor Worldview, “The U.S., China And Others Race To Develop 5G Mobile Networks”,
Forbes, 3 April 2018. [Online]
https://www.forbes.com/sites/stratfor/2018/04/03/the-u-s-china-and-others-race-to-develop-5gmobile-networks/#51c98d315875.
[36] The Economist, “Ericsson and Nokia are now direct rivals. How do they compare?”, 10 March
2018. [Online]
https://www.economist.com/business/2018/03/10/ericsson-and-nokia-are-now-direct-rivals.how-do-they-compare.
[37] D. G. Stefan Pongratz, “Analyst Angle: Will 5G result in more or fewer mobile infrastructure
radio vendors?”, RCR Wireless, 04 December 2017. [Online]
https://www.rcrwireless.com/20171204/analyst-angle/will-5g-result-in-more-or-fewer-mobileinfrastructure-radio-vendors-Tag9.
[38] M. Dano, “Huawei pulls ahead of Ericsson, Nokia in overall RAN market share, Dell’Oro Group
reports”, FierceWireless, 10 August 2016. [Online]
https://www.fiercewireless.com/wireless/huawei-pulls-ahead-ericsson-nokia-overall-ran-marketshare-dell-oro-group-reports.
[39] Eurostat, EU trade since 1988 by SITC [DS-018995].
[40] Eurostat, International trade in services (since 2010) (BPM6) [bop_its6_det].
[41] NDTV Gadgets, “Nokia Phones”, NDTV Gadgets, [Online]
https://gadgets.ndtv.com/mobiles/nokia-phones.
[42] Wikipedia, “Ericsson Mobile Communications”, [Online]
https://en.wikipedia.org/wiki/Ericsson_Mobile_Communications.
[43] D. Manners, “Q4 smartphone shipments down 4.5%”, Electronics Weekly, 05 February 2018.
[Online]

© EXCITING Consortium 2016-2018

Page 85 of 86

D3.4: Harmonisation of Standards for 5G Technologies, version 1.0

https://www.electronicsweekly.com/news/business/q4-smartphone-shipments-4-5-2018-02/.
[44] J. Chadwick, “China's smartphone market slips 4.9 percent in 2017: IDC”, ZDNet, 06 February
2018. [Online]
https://www.zdnet.com/article/chinas-smartphone-market-declined-15-7-percent-for-q4-2017idc/.
[45] M. Moore, “Huawei 5G phone coming next year”, TechRadar, 29 June 2018. [Online]
https://www.techradar.com/news/huawei-5g-phone-coming-next-year.
[46] P. J. Icogo, “Huawei is reportedly working on the Kirin 1020 SoC with 5G technology”, Giz
Guide, 24 June 2018. [Online]
https://www.gizguide.com/2018/06/huawei-hisilicon-kirin-1020-rumors.html.
[47] R. Triggs, “5G: When will your smartphone get it?”, Android Authority, 17 June 2018. [Online]
https://www.androidauthority.com/5g-phones-875359/.
[48] Radio Spectrum Policy Group (RSPG), “Strategic Spectrum Roadmap Towards 5G For Europe,
RSPG Second Opinion on 5G networks”, European Commission, Brussels, 30 January 2018.
[49] P. O'Donohue, “EuCNC 2017: 5G European Roadmap, Global Impact”, European Commission,
21 June 2017. [Online]
https://ec.europa.eu/digital-single-market/en/blog/eucnc-2017-5g-european-roadmap-globalimpact.
[50] J. Blackman, “Cars take pole on grid of Euro carriers’ IoT priorities, ahead of factories and
cities”, 3 April 2018. [Online]
https://enterpriseiotinsights.com/20180403/channels/news/cars-take-pole-on-grid-of-eurocarriers-iot-priorities-ahead-of-factories-and-cities-tag40.
[51] Q. Hang, “5G Progress in China”, MIIT, November 9, 2016.
[52] K. Runtian, “Radio Spectrum Management in China”, ITU, 11 September 2017.
[53] X. Ying, “Emerging Radiocommunication Technologies and Applications”, 11 September 2017.
[54] M. S. a. A. Zhao, “NDRC Issues Development Strategy for Autonomous Vehicles”, King &
Wood Mallesons, 10 January 2018. [Online]
https://www.chinalawinsight.com/2018/01/articles/corporate/ndrc-issues-development-strategyfor-autonomous-vehicle/.
[55] E. Kania, “China’s AI Agenda Advances”, The Diplomat, 14 February 2018. [Online]
https://thediplomat.com/2018/02/chinas-ai-agenda-advances/.
[56] GSMA, “Mobile IoT in the 5G Future”, GSMA, April 2018.
[57] European Chamber of Commerce in China, “European Business in China Position Paper
2017/2018”, 2017.
[58] F. Lück, “Huawei ist Nummer 1 bei Patentanmeldungen”, CEBIT, 16 March 2018. [Online].
https://www.cebit.de/de/news-trends/news/huawei-ist-nummer-1-bei-patentanmeldungen-20417.
[59] Belt and Road Portal, “China to promote application of 5G national standards in B&R
countries”, 26 December 2017. [Online]:
https://eng.yidaiyilu.gov.cn/qwyw/rdxw/41037.htm.

© EXCITING Consortium 2016-2018

Page 86 of 86

