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Preface

It is hard to overstate the impact that HSPA and LTE technology have had on our 
global society. Mobile subscriptions for these technologies are now counted in the 
billions; touching lives and changing business everywhere on the planet. How did 
this come to pass? The dominance of these Third Generation Partnership (3GPP) 
technologies was not known a priori when their studies were first approved. There 
are many factors to explain the success, but surely these factors include the quality 
of the standards and technology as well as economies of scale from global deploy-
ment. For 5G, the fifth generation of telecommunication systems, the situation is 
different in that it is expected, even before the first equipment delivery, that 3GPP 
technology will dominate future global deployments. The vision for 5G also goes 
beyond traditional mobile broadband services. In 2015, ITU-R (International 
Telecommunication Union—Radio communications sector) established the 5G 
requirements for IMT-2020 (International Mobile Telecommunication sys-
tem—2020), targeting diverse requirements from three key usage scenarios: 
enhanced mobile broadband (eMBB), massive machine type communication 
(mMTC), and ultra-reliable and low latency communication (URLLC).

Mobile broadband services like web browsing, social apps with text messaging, 
file sharing, music downloading, video streaming, and so on are already very popu-
lar and supported by 4G communication systems. In the 5G era, these and other 
applications such as ultra-high definition (UHD) video, 3D video, and augmented 
reality (AR), and virtual reality (VR) will be better served with data rates up to 
hundreds of megabits per second or even gigabits per second. In addition, the 
demand of uplink high data rate service is also emerging, for example with HD 
video sharing. These service requirements, together with the anywhere any-time 
experience requirements with high user density and user mobility, define new limits 
for the eMBB scenario.

In the future, any object that can benefit from being connected will be connected, 
either partially or dominantly, through wireless technologies. This trend poses a 
huge demand for connecting objects/machines/things in a wide range of applica-
tions. Driverless cars, enhanced mobile cloud services, real-time traffic control opti-
mization, emergency and disaster response, smart grid, e-health and industrial 
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communications, to name just a few, are all expected to be enabled or improved by 
wireless connectivity. By a closer observation of these applications, there are two 
major characteristics of these services: one is the number of desired connections; 
the other is the requested reliability within a given latency budget. These two sig-
nificant characteristics drive the definitions of the mMTC and URLLC scenarios.

Accordingly ITU-R defines the IMT-2020 requirements for all the above poten-
tial use cases, including eight key capabilities: 20 Gbps peak rate, 100 Mbps user 
perceived data rate at cell edge, 3 times spectrum efficiency of IMT-Advanced, 
mobility up to 500 km/h, low latency with less than 1 ms air-interface round-trip 
time (RTT), connectivity density of 10M connections per square kilometer, 100 
times energy efficiency of IMT-Advanced, and traffic density with 10  Mbps per 
square meter. It is anticipated that the area traffic capacity is predicted to be increased 
by at least 100 times in 5G, with available bandwidth increased by 10 times. 
Altogether, the 5G system can provide a basic information infrastructure to be used 
by both people and machines for all of these applications similar to the transporta-
tion system and electric power system infrastructures that we use now.

Each region in the world is planning their 5G spectrum. In Europe, multiple 
countries have allocated 5G spectrum mainly in C-band and released 5G operational 
licenses among mobile network operators. The UK has already auctioned 190 MHz 
sub-6  GHz spectrum for 5G deployment, with another 340  MHz low frequency 
spectrum auction ongoing. In Asia, China has newly allocated 390 MHz bandwidth 
in 2.6 GHz, 3.5 GHz, and 4.9 GHz frequency bands among the three major opera-
tors for 5G deployment by 2020; Japan has allocated totally 2.2 GHz 5G spectrum 
including 600 MHz in C-band and 1.6 GHz in 28 GHz mm-wave spectrum among 
four mobile carriers, with 5G investment around JPY 1.6 trillion ($14.4 billion) over 
the next 5 years; South Korea has auctioned 280 MHz bandwidth in 3.5 GHz and 
2.4 GHz bandwidth in 28 GHz spectrum for 5G network among the three telco car-
riers, with SKT already released the first 5G commercial services since April 3rd, 
2019. In the USA, 5G licenses are permitted in the existing 600 MHz, 2.6 GHz, and 
mm-wave frequency bands of 28 GHz and 38 GHz, with additional 3 mm-wave 
spectrum auctions in 2019 on 28 GHz, 24 GHz, as well as higher mm-wave spec-
trum at 37 GHz, 39 GHz, and 47 GHz. Europe, Asia, and North America have all 
announced early 5G network deployment by 2020.

This treatise elaborates on the 5G specifications of both the 5G new radio (5G-
NR) and 5G new core (5G-NC) and provides a whole picture on 5G end-to-end 
system and key features. Additionally, this book provides the side-by-side compari-
son between 5G-NR and Long-Term Evolution (LTE, also called as 4G) to address 
the similarities and the differences, which benefits those readers who are familiar 
with LTE system. 3GPP Release 15, i.e., the first release of 5G standard has com-
pleted the standardization of both 5G non-standalone (NSA) and standalone (SA) 
architecture. 5G deployment will eventually go to SA deployment based on 5G-new 
carrier (NC) with advanced core network features as slicing, MEC, and so on. For 
some operators, however, due to their business case balance between the significant 
investments and quick deployment, may consider NSA deployment from the begin-
ning, i.e., with a primary connection to LTE and a secondary connection to NR. In 

Preface



ix

addition to the network architecture, NR has built-in provisions in configuration and 
operation for coexistence with LTE. These include same-band (and even same chan-
nel) deployment of NR and LTE in low-band spectrum. An especially important use 
case is a higher frequency NR TDD deployment that, for coverage reasons, includes 
a supplemental uplink (SUL) carrier placed in an existing LTE band.

The book is structured into six main chapters. The first chapter looks at the use 
cases, requirements, and standardization organization and activities for 5G. These 
are 5G requirements and not NR requirements, as any technology that meets the 
requirements may be submitted to the ITU as 5G technology including a set of 
Radio Access Technologies (RATs) consisting of NR and LTE; with each RAT 
meeting different aspects of the requirements. A second chapter describes, in detail, 
the air interface of NR and LTE side by side. The basic aspects of LTE that NR 
builds upon are first described, followed by sections on the NR specific technologies 
such as carrier/channel, spectrum/duplexing (including SUL), LTE/NR co-existence, 
and new physical layer technologies (including waveform, Polar/LDPC channel 
coding, MIMO, and URLLC/mMTC). In all cases, the enhancements made relative 
to LTE are made apparent. The third chapter contains description of NR procedures 
(IAM/Beam Management/Power control/HARQ), protocols (CP/UP/mobility, 
including grant-free), and RAN architecture. The fourth chapter has a detailed dis-
cussion related to end-to-end system architecture, and the 5G Core (5GC), network 
slicing, service continuity, relation to EPC, network virtualization, and edge com-
puting. The fifth chapter describes the ITU submission and how NR and LTE meet 
the 5G requirements in significant detail, from the rapporteur responsible for lead-
ing the preparation and evaluation. Finally, the book concludes with a look at the 5G 
market and the future.
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Plano, TX, USA � Anthony C. K. Soong 
Beijing, China � Liu Jianghua 
Beijing, China � Wu Yong 
Rolling Meadows, IL, USA � Brian Classon 
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Beijing, China � David Mazzarese 
Shanghai, China � Zhao Yang 
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Chapter 1
From 4G to 5G: Use Cases 
and Requirements

This chapter investigates the motivations and driving forces of 5G development as 
well as introduces the 5G use cases and technical requirements. 5G is the first gen-
eration that devotes itself to connecting both humans and machines. Accordingly, 
the service requirements and the technical performance requirements are extended 
from mobile broadband (MBB) to the new use cases. The diverse requirements pose 
significant challenges to system design.

This chapter also presents how 5G development is made based on industry col-
laboration, where ITU-R and 3GPP play the central role in this process. ITU-R 
procedure on IMT-2020 development is introduced, and 3GPP 5G standardization 
process is reviewed. With the guidance of ITU-R and the well-harmonized technical 
development in 3GPP, 5G technology is well developed, which is one of the major 
keys for 5G success.

1.1  �Introduction

Mobile cellular network has been developing since the 1970s.1 The first generation 
(1G) mobile network was based on frequency division multiple access (FDMA) 
(Fig. 1.1). It provided analog voice service to mobile users. After approximately 10 
years, time division multiple access (TDMA) was developed in the second genera-
tion (2G) network which enabled the digital voice service and low data rate service. 
In mid-1990 to 2000s, coding division multiple access (CDMA) was employed to 
develop the third generation (3G) mobile network. The CDMA access enabled more 
efficient multiple user access through the specified bandwidth. By this means, the 
data rate can reach several kilo bits per second to several mega bits per second, 
which enables fast data transmission for multimedia.

1 Illinois Bell Telephone Co. conducted a trial development cellular system in the Chicago area in 
1979. Full commercial service began in Chicago in October of 1983.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-22236-9_1&domain=pdf
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By the mid-2000s, ubiquitous data began to transform the meaning of mobile 
telephony service. The ever-increasing demand on data service stressed the capabil-
ity of the 3G mobile network. Users are expecting to connect to the network any-
where, on the go or at home. More frequent data transmission happens, and faster 
data rates are becoming essential. Users start demanding broadband experience 
from their wireless mobile network service.

In 2005, the industry started the development of the fourth generation (4G) 
mobile network that aims to provide ubiquitous mobile broadband (MBB) service. 
3GPP developed the Long Term Evolution (LTE) that employs Orthogonal 
Frequency Division Multiple Access (OFDMA) to offer a good compromise on 
multi-user data rates and complexity. LTE development received a wide range of 
industry support. The OFDMA concept is well incorporated with multiple-input 
multiple-output (MIMO) technology, and the complexity is significantly reduced.

International Telecommunication Union (ITU), especially its 
Radiocommunication Sector (ITU-R), has played an important role in mobile net-
work development since 3G. Due to the great success of 1G and 2G mobile net-
works, the industry and research interests were increased exponentially for 3G 
development. Therefore, many stakeholders were involved in 3G development with 
respect to previous generation mobile networks. A global standardization was 
becoming necessary due to the involvement of a variety of network vendors, user 
terminal manufacturers, and chipset providers. Global spectrum harmonization also 
becomes a critical issue for the successful development and deployment of the 
mobile network. In order to harmonize the spectrum use in different regions for 
appropriate technologies for 3G mobile network, ITU-R established procedures to 
address the allocation of spectrum for 3G mobile network, and to identify the appro-
priate radio interface technology that could be deployed on those spectrums glob-
ally. In this context, International Mobile Technology-2000 (IMT-2000) was 
specified by the ITU, where a family of technologies were identified as radio inter-
face technologies for 3G mobile network (IMT-2000 system). Such procedures pro-
vide fair opportunity for the proponents that are interested in mobile network 
development, as well as set the necessary performance requirements to guarantee 
that candidate technology can effectively meet the requirements. The procedure is 
further developed and applied to 4G and 5G development in ITU-R. This resulted 

Fig. 1.1  A schematic view of the history of cellular communications

1  From 4G to 5G: Use Cases and Requirements



3

in the IMT family specification: IMT-2000 for “3G,” IMT-Advanced for “4G,” and 
IMT-2020 for “5G.”

While ITU-R plays the central role for defining appropriate technology for each 
generation of mobile network, the technology development is conducted in standard 
development organizations (SDOs). In 1998, the third generation partnership proj-
ect (3GPP) was initiated by the key players of the mobile network development, and 
gains the support from six regional SDOs from Europe, China, Japan, Korea, and 
America. It lays the foundation of global development for mobile technologies, and 
attracts the participation of a variety of industry and academy players. 3GPP has 
grown to be the essential standard organization for technology development for 
mobile networks since 3G.

1.2  �Global 5G Development

In July 2012, ITU-R started the development of the vision for IMT for 2020 and 
beyond, which is later known as “IMT-2020.” Following the ITU-R activity, in 2013 
to 2015, several regional promotion groups and research forums were established in 
China, Europe, Korea, Japan, and America for 5G development. The regional stud-
ies provided extensive investigations of 5G use cases and capability requirement, 
which formed a global foundation for 5G vision developments in ITU-R. In 2015, 
the 5G vision was set up in ITU-R based on the regional convergence.

Along with the gradual maturity of the 5G vision, in late 2014, 5G technology 
studies received increasing attention from industry and academy: with many new 
technologies and concepts proposed. In 2015, when ITU-R created the 5G vision, 
3GPP as one of the most widely supported global standardization organizations 
started the technical requirement study and deployment scenarios investigation, tar-
geting to fulfilling the 5G vision. In 2016, 3GPP initiated the 5G new radio (NR) 
technology study. Industry members, institutions, and universities are actively 
engaged in 3GPP study, which form the solid foundation for 5G radio interface 
technology that encompasses a wide range of usage scenarios and features.

In December 2017, 3GPP accomplished the first milestone of 5G specification. 
An initial characteristics description was submitted to ITU-R in February 2018. 
The ongoing global 5G development opens the gate to the fully connected world. 
The global harmonization and coordination are the essential keys throughout the 5G 
development.

1.2.1  �ITU-R Development on 5G/IMT-2020

For different radio services to coexist, it must rely on the allocated spectrum 
resources to deliver their capability. ITU-R is responsible for coordinating the spec-
trum allocation and spectrum usage for many different radio services, including 
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satellite, broadcast, scientific research, and mobile service. The radio spectrum 
resources are rather limited and, thus, efficient use of spectrum by each of the radio 
services should be guaranteed. This is also part of the responsibility of the ITU-R. It 
conducts technology studies to continuously improve the efficiency of spectrum 
usage, and compatibility studies are conducted among the radio services to make 
sure different radio services with appropriate spectrum allocation can coexist in an 
efficient manner. To this end, a range of study groups (SGs) and, under a specific 
SG, a number of working parties (WPs) are established in ITU-R. The technical and 
spectrum experts with rich expertise on related fields are gathered under WPs and 
SGs for the study of applying appropriate technologies for the specific radio ser-
vices, and to investigate the spectrum allocation for specific radio service purposes.

WP 5D is the expert group under SG 5 for the study of International Mobile 
Technology (IMT) services in ITU-R. To guarantee that the IMT technologies can 
utilize the spectrum efficiently, and can well coexist with other radio services, the 
expert group devotes itself to develop a globally implemented radio interface stan-
dard that has high spectral efficiency and other key capabilities, which are widely 
supported by a variety of network vendors, user terminal manufacturers, and chipset 
providers.

The history of the development of IMT-2000 (3G), IMT-Advanced (4G), and 
IMT-2020 (5G) is depicted in Fig. 1.2 (see also [1]).

As seen from Fig. 1.2, ITU-R usually spent around 10 years for development of 
each generation of the mobile network (or IMT network under ITU-R context). 
From IMT-Advanced, a vision development was always made before the technical 
development. The vision study usually covers the investigation of high-level require-
ments, use cases, and key capabilities desired by the next generation mobile network. 
This is becoming an important step to converge the regional desires from different 
parts of the globe. It is observed that one ITU-R study period (3–4 years) is usually 

Development of
IMT-2000

Vision Development of
IMT-Advanced

Vision Development of
IMT-2020

Deployment (*) of
IMT-2020

Deployment (*) of
IMT-Advanced

Deployment (*) of
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M.1457
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2012
IMT-Advanced

Rec. ITU-R
M.2012

(1st release)

2015
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(*) Deployment may vary across countries

Fig. 1.2  Overview of timeline for IMT development and deployment
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spent for this purpose. After that, another one to two (or even more) study periods 
are used to develop the technical aspects and to conduct the compatibility study if 
the new IMT spectrum that is requested are already used by other radio services. The 
time plan might be depending on the technical complexity of technology to achieve 
the vision, and the new spectrum it may utilize to reach the demanded capability.

For 5G development, the vision study was from 2012 to 2015. During this time 
period, regional 5G promotion groups and research forums were established to 
gather and converge the regional interest of 5G vision, and the regional views are 
contributed to ITU-R through the representative administration members and sector 
members.

From 2015, ITU-R started the technical development of 5G which aims to define 
an IMT-2020 (5G) global specification by October 2020. The technical develop-
ment phase usually contains the definition of minimum technical requirements and 
evaluation guidelines, as well as an IMT-2020 submission and evaluation proce-
dure. The minimum technical requirements guarantee that the candidate proposal 
can achieve the vision and can utilize the spectrum (including the potential new 
IMT spectrum) effectively. The submission and evaluation procedure defines the 
criteria of acceptance for IMT-2020 proposal, the procedure of inviting external 
organizations to submit IMT-2020 proposal, inviting the independent evaluation 
groups to evaluate the proposal, as well as ITU-R’s procedure of approving the 
proposal. Following the ITU-R procedure, external organizations like 3GPP initi-
ated their technical development of 5G from 2015 which will be reviewed in Sect. 
1.2.3. More detailed discussion on the 5G timeline and the submission and evalua-
tion procedure can be found in Sect. 1.4.

Concurrently ITU-R also started the compatibility study of potential new spec-
trum for 5G deployment. Such studies consist of two parts. One part is for the new 
IMT spectrums that were allocated in world radio communication conference 
(WRC) 2015. For example, the frequency range of 3.3–3.8 and 4.5–4.8 GHz (usu-
ally referred to as C-band) were identified as IMT spectrum globally or regionally. 
ITU-R continued to study the remaining issues on compatibility study on these 
bands in WP 5D. The other part is for potential new IMT spectrums that will be 
discussed at WRC-19. ITU-R has already begun its work on evaluating new spec-
trum by requesting technical development on feasible technologies to guarantee the 
efficient use of these potential new bands, and the compatibility studies to guarantee 
that they can efficiently coexist with other radio services.

The 5G spectrum will be discussed in more detail in Sect. 2.3.1.1.

1.2.2  �Regional Development/Promotion on 5G

After ITU-R started 5G vision study in 2012, several regional promotion groups and 
research forums were founded in China, Europe, Korea, Japan, and America. These 
regional activities includes the study of 5G requirements, use cases, and deployment 
scenarios, as well as exploring the key technologies and the nature of 5G spectrum. 
These activities are briefly discussed in this section.

1.2  Global 5G Development
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1.2.2.1  �NGMN

Next Generation Mobile Networks (NGMN) is an alliance with worldwide leading 
operators and vendors that aims to expand the communications experience which 
will bring affordable mobile broadband services to the end user. It has a particular 
focus on 5G while accelerating the development of LTE-Advanced and its 
ecosystem.

NGMN published the “5G white paper” [2] in Feb 2015 which provided a list of 
requirements from the operator perspective to 5G networks. The requirements indi-
cated a demand for capacity increase and the uniform user experience data rate 
across urban areas to rural areas. It also indicated that 5G networks should be capa-
ble of delivering diverse services including massive internet of things like sensor 
networks, extreme real-time communications like tactile internet, and ultra-reliable 
communications like e-Health services, to name a few. The services should be deliv-
ered in diverse scenarios, including high-speed trains, moving hotspots, and air-
crafts. Such diversity fits in ITU’s envisioned 5G use cases as described in Sect. 1.3.

1.2.2.2  �IMT-2020 (5G) Promotion Group

In February 2013, the IMT-2020 (5G) promotion group was established in China by 
three ministries: the Ministry of Industry and Information Technology (MIIT), the 
National Development and Reform Commission, and the Ministry of Science and 
Technology. It is the major platform to promote the research and development of 5G 
in China. The promotion group consists of leading Chinese operators, network 
equipment vendors, research institutions, and universities.

The IMT-2020 (5G) promotion group published its 5G vision white paper [3] in 
May 2014. The white paper indicated two important 5G usage categories: mobile 
broadband and internet of things. The mobile broadband use cases will continue to 
be addressed by 5G network that provides 1 Gbps user experienced data rate in 
many deployment scenarios. The internet of things use cases on the other hand 
would be the other major driver to 5G network deployment, which requires a very 
capable 5G network to provide massive connections, very low latency, and high 
reliability. This forms a first overview of 5G use cases that were later developed into 
three 5G usage scenarios identified by ITU-R.

1.2.2.3  �Europe: 5G PPP

The 5G Infrastructure Public Private Partnership (5G PPP) is a joint initiative 
between the European Commission and European ICT industry for 5G study in 
Europe. The first phase of 5G PPP started from July 2015, and continued to its sec-
ond phase in 2017.

Before the first phase of 5G PPP initiative, an important 5G project was 
founded  in Nov 2012, called Mobile and wireless communications Enablers for 
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Twenty-twenty (2020) Information Society (METIS). In April 2013, METIS pub-
lished their study on 5G use cases, requirements, and scenarios (see [4]). In this 
study, METIS mentioned a number of new industrial and machine type communica-
tions for 5G besides mobile broadband applications. In April 2015, METIS sum-
marized these use cases into three categories in [5], in accordance with ITU-R 
development on 5G use cases. The three use cases are extreme mobile broadband 
(xMBB), massive machine-type communications (mMTC), and ultra-reliable 
machine-type communications (uMTC), which is converged to ITU-R vision on 5G 
requirement and use cases as will be discussed in Sect. 1.3.1.

1.2.2.4  �Korea: 5G Forum

The 5G Forum was founded by the Ministry of Science, ICT and Future Planning 
and mobile industries in Korea in May 2013. The members of 5G Forum consisted 
of mobile telecommunication operators, manufacturers, and academic profession-
als. The goal of the 5G Forum is to assist in the development of the standard and 
contribute to its globalization.

Five core 5G services were foreseen by the 5G forum, including social network-
ing services; mobile 3D imaging; artificial intelligence; high-speed services; and 
ultra- and high-definition resolution capabilities; and holographic technologies. 
Such new services will be enabled by the 5G network with powerful capabilities 
that provide ultra-high capacity and data rates.

1.2.2.5  �Japan: 5GMF

The Fifth Generation Mobile Communications Promotion Forum (5GMF) was 
founded in September 2014 in Japan. 5GMF conducts research and development 
related to 5G including the standardization, coordination with related organizations, 
and other promotion activities.

5GMF published the white paper “5G Mobile Communications Systems for 
2020 and beyond” [6] in July 2016, which highlighted the 5G use cases of high data 
rate services, self-driving, location-based services, etc. It foresaw that 5G network 
needs to be extremely flexible to reach the requirements of these diverse 
requirements.

1.2.2.6  �North and South America: 5G Americas

5G Americas is an industry trade organization composed of leading telecommunica-
tions service providers and manufacturers. It was continued in 2015 from the previ-
ously known entity: 4G Americas. The organization aims to advocate for and foster 
the advancement and full capabilities of LTE wireless technology and its evolution 
beyond to 5G, throughout the ecosystem’s networks, services, applications, and 
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wirelessly connected devices in the Americas. 5G Americas is invested in develop-
ing a connected wireless community while leading 5G development for the 
Americas.

5G Americas published its white paper on 5G Services and Use Cases [7] on 
November 2017. It provided an insightful report on 5G technology addressing new 
trends in a broad range of use cases and business models, with technical require-
ments and mappings to 5G capabilities. This is a continued study on 5G use cases 
for future uses.

1.2.2.7  �Global 5G Event

The 5G regional developments call for a global coordination to form a unified 5G 
standard that is applicable worldwide. The regional 5G developers, including IMT-
2020 (5G) PG, 5G PPP, 5G forum, 5GMF, 5G Americas, and 5G Brazil, have 
answered this call by setting up global 5G event to share the views and development 
status in each region. These events will be instrumental in building global consensus 
on 5G with the world’s 5G promotion organizations. This series of events have been 
putting its efforts in promoting the usage of 5G for different vertical industries, 5G 
eco-systems and invite key industry players, administrations and regulators to par-
ticipate in the discussion.

The first global 5G event was hosted by IMT-2020 PG in Beijing, May 2016, and 
the event is held twice a year in rotation. The next event will be at Valencia, Spain, 
in June 2019.

1.2.3  �Standard Development

Along with ITU-R and regional activities towards 5G development, standardization 
organizations have also focused their attention on 5G since 2014. The global part-
nership project, 3GPP, has become the key standard organization of 5G develop-
ment. It has become a global initiative for mobile cellular standard since the 
development of the 3G network. The current 4G, LTE mobile broadband standard is 
one of the most successful mobile standards and it is used worldwide.

3GPP is an organization that unites telecommunications standard development 
organizations (SDOs) all over the world. These SDOs are known as organization 
partners (OPs) in 3GPP, and currently there are seven OPs: ARIB and TTC from 
Japan, ATIS from America, CCSA from China, ETSI from Europe, TSDSI from 
India, and TTA from Korea. The seven OPs provide the members with stable envi-
ronment to develop 3GPP technology. The OP members include key industry play-
ers, leading operators, vendors, user terminal manufacturers, and chipset developers. 
Research institutes with regional impacts, academic organizations and universities 
are also included. It covers almost all the key parties as far as a mobile cellular stan-
dard is concerned. The members of the OPs are heavily involved in the technical 
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standard development, which ensure the 3GPP technology addresses the concerns 
and issues from different parties and different regions. Based on the consensus of 
the members from different OPs, the technical specifications defined by 3GPP are 
transposed by the OPs into their regional specifications. By this means, global 
mobile standards are developed. It can be argued that this is the essential key for the 
success of 3GPP standard development.

LTE is an early example under this consensus-based spirit of development. The 
global and wide range participation laid the foundation for the success of LTE 
development, standardization, and implementation. Due to the great success of 
LTE, 3GPP has become the essential standard development body for 5G.  In late 
2014, 3GPP initiated 5G studies and development along with the gradual maturing 
of the 5G vision.

During late 2015 to early 2017, when 3GPP was in its 14th release time frame 
(known as Release-14), 5G studies on technical requirements and deployment sce-
narios were conducted. These studies aimed to achieve the 5G vision as defined by 
ITU-R in June 2015. The study of a new radio (NR) interface was initiated follow-
ing the requirement study. The key technical components were identified for the NR 
development, which form the basis of the specification work in the next release (i.e., 
Release-15) that last from early 2017 to June 2018. It is planned that a full capabil-
ity 3GPP 5G technology, including NR and LTE, will be developed in Release-16 
during the time frame of 2018 to the end of 2019. With this phased approach, 3GPP 
will bring its 5G solution to ITU-R as IMT-2020 in the year 2020.

1.3  �Use Case Extensions and Requirements

Cellular communication system, from its first generation, is focused on connecting 
humans. The 1G and 2G communication system provided ubiquitous voice service 
between persons, which enables us to talk freely to our friends when we are at 
home, in office, or on the move. From 3G to 4G, multimedia and other mobile 
broadband applications are supported, and we are able to do much more, such as 
browsing the web, sharing nice pictures with our friends, and chatting on short vid-
eos, while on the move. For 5G, however, the study of the use cases reveals some 
new demands that are beyond the mobile broadband (MBB) which primarily aims 
to connect human beings and machines. This section provides a review of 5G use 
cases, requirements, and key capabilities.

1.3.1  �5G Usage Cases and Service Requirement

5G communication is envisioned to enable a full connected world for 2020 and 
beyond. This full connectivity is targeted not only to communicating the people, but 
also enables the communication of machines and things that can bring added value 

1.3  Use Case Extensions and Requirements
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to improving the operational efficiency of the society, and facilitate our everyday 
life. Under this vision, 5G use cases are extended from mobile broadband (MBB) to 
internet of things (IoT).

1.3.1.1  �Extended Usage Scenarios: From eMBB to IoT (mMTC 
and URLLC)

ITU-R established the 5G vision in 2015 through its Recommendation ITU-R 
M.2083 [1], indicating that 5G will extend its usage scenario from enhanced mobile 
broadband (eMBB) to massive machine type communication (mMTC) and ultra-
reliable and low latency communication (URLLC). The mMTC and URLLC ser-
vices are a subset of internet of things (IoT) services. They are considered as the first 
step for 5G network stepping into the broad range of IoT services that are character-
ized by the key service requirements. On the other hand, 5G is as well the first 
generation communication that targets to extend wireless connection to other than 
human-to-human connections.

The extension of 5G from eMBB to mMTC and URLLC comes from the obser-
vation and the demand of the user and application trend. On one hand, high data rate 
video streams both down to the people (e.g., video streaming downloading) and up 
to the cloud server (e.g., user share their produced videos to their friends) are 
expected, and instantaneous and low latency connectivity becomes very vital to the 
user experiences for including augmented reality (AR) and virtual reality (VR). The 
user density with such high demand also increases, especially in urban areas; while 
in rural and/or high mobility cases, a satisfactory end-user experience is also desired 
by the users. Therefore, the challenging per-user high data rate request combined 
with high user density and user mobility becomes a driven force for 5G develop-
ment, which requests significantly enhanced capability for mobile broadband 
services.

On the other hand, in the future, any object that can benefit from being connected 
will be connected, through, partially or dominantly, wireless technologies. This 
trend poses a huge amount of connectivity demand for connecting objects/machines/
things in a wide range of applications. For example, driverless cars, enhanced 
mobile cloud services, real-time traffic control optimization, emergency and disas-
ter response, smart grid, e-health, or efficient industrial communications are what 
are expected enabled or improved by wireless technologies/connections to just a 
few named in [1]. By a closer observation of these applications, one can find two 
major characteristics of these services: one is the number of desired connections; 
the other is the requested reliability within a given latency budget. These two sig-
nificant characteristics provide the nature of mMTC and URLLC.

Therefore, 5G puts itself on the target to support diverse usage scenarios and 
applications including eMBB, mMTC, and URLLC. The following is a first glance 
on what the three usage scenarios indicates, which comes from [1],

1  From 4G to 5G: Use Cases and Requirements
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–– Enhanced Mobile Broadband: Mobile Broadband addresses the human-centric 
use cases for access to multi-media content, services, and data. The demand for 
mobile broadband will continue to increase, leading to enhanced Mobile 
Broadband. The enhanced Mobile Broadband usage scenario will come with 
new application areas and requirements in addition to existing Mobile Broadband 
applications for improved performance and an increasingly seamless user expe-
rience. This usage scenario covers a range of cases, including wide-area cover-
age and hotspot, which have different requirements. For the hotspot case, i.e., for 
an area with high user density, very high traffic capacity is needed, while the 
requirement for mobility is low and user data rate is higher than that of wide area 
coverage. For the wide area coverage case, seamless coverage and medium to 
high mobility are desired, with much improved user data rate compared to exist-
ing data rates. However, the data rate requirement may be relaxed compared to 
hotspot.

–– Ultra-reliable and low latency communications: This use case has stringent 
requirements for capabilities such as throughput, latency, and availability. Some 
examples include wireless control of industrial manufacturing or production pro-
cesses, remote medical surgery, distribution automation in a smart grid, transpor-
tation safety, etc.

–– Massive machine type communications: This use case is characterized by a very 
large number of connected devices typically transmitting a relatively low volume 
of non-delay-sensitive data. Devices are required to be low cost, and have a very 
long battery life.

Additional use cases are expected to emerge, which are currently not foreseen. 
For future IMT, flexibility will be necessary to adapt to new use cases that come 
with a wide range of requirements.

In the following, we will first give a survey on the diverse services that are envi-
sioned as 5G use cases, and then investigate the service requirements. Then techni-
cal performance requirements are extracted by grouping the similar service 
requirements to one characterized technical requirement. The importance of the 
technical requirement will be mapped to different usage scenarios based on the 
group of services under the specific usage scenario.

1.3.1.2  �Survey of Diverse Services Across 5G Usage Scenarios 
and the Diverse Requirements

There are a broad range of emerging services that are expected to appear for the year 
2020 and beyond that are under the scope of the 5G study. Generally, these 5G ser-
vices are categorized into three groups according to the three usage scenarios eluci-
dated in the last section.
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