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a b s t r a c t 

5G is the fifth generation wireless network, with a set of characteristics, such as high bandwidth and 

data rates, massive connectivity, broad coverage, and low latency. The scenarios of using 5G include en- 

hanced Mobile Broadband (eMBB), massive Machine Type Communications (mMTC), and ultra-Reliable 

and Low-Latency Communications (uRLLC). 5G is expected to support a wide variety of applications, such 

as city management, healthcare, transportation, agriculture, and energy management. In this paper, we 

conducted a systematic mapping study that covers the literature published between January 2012 and 

December 2019 regarding using 5G in smart cities. The scenarios, architecture, technologies, challenges, 

and lessons learned of using 5G in smart cities are summarized and further analyzed based on 32 se- 

lected studies, and the results are that: (1) The studies are distributed over 27 publication venues. 17 

studies report results based on academic studies and 13 studies use demonstration or toy examples. Only 

2 studies report using 5G in smart cities based on industrial studies. 16 studies include assumptions of 

5G network design or smart city scenarios. (2) The most discussed smart city scenario is transportation, 

followed by public safety, healthcare, city tourism, entertainment, and education. (3) 28 studies propose 

and/or discuss the architecture of 5G-enabled smart cities, containing smart city architecture (treating 5G 

as a component), 5G network architecture in smart cities, and business architecture of using 5G in smart 

cities. (4) The most mentioned 5G-related technologies are radio access technologies, network slicing, 

and edge computing. (5) Challenges are mainly about complex context, challenging requirements, and 

network development of using 5G in smart cities. (6) Most of the lessons learned identified are benefits 

regarding 5G itself or the proposed 5G-related methods in smart cities. This work provides a reflection of 

the past eight years of the state of the art on using 5G in smart cities, which can benefit both researchers 

and practitioners in this field. 

© 2022 The Author(s). Published by Elsevier Ltd. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

Urbanization is developing rapidly worldwide and more than 

4% of the populations in the world have moved into cities 

 Xing, 2016 ). As an example, in China, including Beijing, Shang- 

ai, Guangzhou, and Shenzhen, many cities have more than 10 

illion residents. Cities are growing larger and more complex in 

ecent years, leading to many risks, concerns, and challenges in 

heir management ( Nam and Pardo, 2011 ). The limitation of tra- 

itional city management patterns becomes a critical issue. To 

vercome the problems caused by population, resources, environ- 
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ent, among others, there is a need to make cities smart. In this 

tudy, we adopted the definition from Nam and Pardo (2011) and 

oss Kanter and Litow (2009) : “smart city is an organic connection 

mong technological, human, and institutional components. A smart 

ity should be treated as an organic whole, i.e., as a network as well 

s a linked system. ”

The ways in which people live in smart cities have signifi- 

ant changed due to various technological advancements. There are 

any towering skyscrapers in smart cities, replacing old buildings. 

hey are much smarter, not only because of the innovation of the 

cience of building materials, but also due to the rapidly develop- 

ent of sensor technology and convergence of new data streams. 

mong all the technologies, 5G is the fifth generation wireless net- 

ork, which is considered as one of the most important compo- 
 under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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ents for future smart cities ( Agiwal et al., 2016 ). 5G networks 

re going to be deployed or have already been deployed in many 

ities, which are underway to change our lives. As mentioned by 

etyawan et al., the number of smartphone users will reach 5.9 

illion in 2025 ( Setyawan et al., 2020 ). Arshad et al. reported that

he number of devices on Internet will gain over 100 billion in 

025 ( Arshad et al., 2017 ). In the 5G era, real-time monitoring and

ontrolling in smart cities will be possible instead of only a buz- 

word, addressing the challenges of overpopulation and advancing 

rbanization of cities. 5G includes a set of characteristics, such as 

igh bandwidth and data rates, massive connectivity, broad cover- 

ge, and low latency ( Agiwal et al., 2016 ). 5G aims to address three

ases, i.e., enhanced Mobile Broadband (eMBB), massive Machine 

ype Communications (mMTC), and ultra-Reliable and Low-Latency 

ommunications (uRLLC) ( Morgado et al., 2018 ). In the smart city 

ontext, the eMBB case covers the exchange of data between var- 

ous user equipment or surveillance cameras and edge or cloud 

ervers in the system. The data includes text, audio, and video, 

hich may be characterized by large bandwidth requirements. The 

MTC case covers a large number of connected devices (e.g., sen- 

ors and wearable devices) through a dense deployment in a city. 

hese devices are used to provide different services (e.g., automatic 

onitoring of buildings). The uRLLC case covers those communica- 

ions that are time-critical or require high delivery probability. An 

xample is communications among driver-less cars, edge devices, 

nd base stations in a city. Though 5G is believed a game changer 

n smart cities, various challenges and unknowns emerge in the 

hree cases of using 5G in smart cities. Examples include how to 

ddress the power supply problem for a huge amount of devices, 

ow 5G works together with existing 4G networks, how to man- 

ge wide distribution of the devices especially those devices in re- 

ote or inaccessible areas, and possible high costs of construct- 

ng and maintaining 5G networks. Such challenges and unknowns 

ring limitations for realizing 5G in smart cities, drive researchers 

nd practitioners to develop new approaches, methods, techniques, 

nd tools. Currently many cities are actively prompting the usage 

f 5G and researchers and practitioners have conducted various tri- 

ls in those cities (e.g., Antonelli et al., 2018; Nizzi et al., 2018; 

kumura et al., 2018; Rusti et al., 2019 ). 

.1. Motivation and contribution of the study 

Many technologies are considered to be promising to improve 

he smartness of cities, including 5G, Artificial Intelligence (AI), In- 

ernet of Things (IoT), big data, and cloud computing ( Law and 

ynch, 2019 ). Unlike those technologies (e.g., AI, IoT, big data, and 

loud computing) that have been evolved over many years, there 

s a lack of systematic analysis of the state of the art regarding us- 

ng 5G in smart cities. Given the importance of using 5G in smart 

ities and the lack of systematic review on the topic, we designed 

nd executed a systematic mapping study (SMS) on the topic of 

sing 5G in smart cities. The objective of the study is to ana- 

yze the usage of 5G in smart cities for the purpose of exploration 

nd analysis with respect to the scenarios, architecture, 5G-related 

echnologies, challenges (problems), and lessons learned concern- 

ng using 5G in smart cities. In this work, our aim is not to pro-

ose a new approach, method, technique, or tool, but use a review 

ethod (i.e., SMS) to analyze the literature published between Jan- 

ary 2012 and December 2019 regarding using 5G in smart cities. 

Compared to literature surveys and systematic literature re- 

iews (SLRs), SMSs do not aim at synthesizing evidence. Instead, 

MSs are usually used to provide a wide but more coarse-grained 

verview of a research area, identify research evidence on a topic, 

nd present classifications and quantitative results. As an exam- 

le, instead of focusing on every specific challenge regarding using 

G in smart cities as well as their reasons and possible solutions, 
2 
e used the Constant Comparison method ( Glaser et al., 1968 ) to 

enerate incidents, concepts, and categories. The output is a classi- 

cation of the challenges with examples. The process of perform- 

ng an SMS is composed of the following steps: (1) study search: 

earch studies regarding a specific topic from websites, such as the 

CM Digital Library, (2) study selection: identify relevant studies 

ased on a set of criteria through their title, abstract, and full text 

rom the search results, (3) data extraction: extract original words, 

entences, or paragraphs from the selected studies, and (4) data 

nalysis: analyze the extracted data to answer the research ques- 

ions (RQs). Before designing and conducting any further analysis 

e.g., through an SLR), this SMS is the first step to provide a reflec- 

ion of the past eight years of research and practice on using 5G 

n smart cities, which can benefit both researchers and practition- 

rs in this field. Through classifying the studies to identify clusters 

f the studies on five aspects: scenario, architecture, technology, 

hallenge (i.e., gaps indicating the need for more primary studies), 

nd lesson learned, we structured the research area of using 5G in 

mart cities and formed the basis of an SLR with more synthesis 

egarding this topic as future work. 

In this paper, “scenarios ” means smart city scenarios (e.g., trans- 

ortation or public safety in a city) that include various smart 

ity components (e.g., devices) for city and its infrastructure man- 

gement; “architecture ” refers to both technical architecture and 

usiness architecture of using 5G in smart cities; “5G technolo- 

ies ” means the technologies that can be used in 5G network, such 

s millimeter wave (mm-wave), beamforming, and radio access; 

challenges ” refers to the problems of using 5G in smart cities; 

lessons learned ” is regarding the experience of using 5G in smart 

ities based on evaluations (e.g., experiments and case studies), in- 

tead of experience about how to conduct evaluations. 

.2. Structure of the study 

The rest of the paper is organized as follows. Section 2 in- 

roduces the background information of the mapping study. 

ection 3 describes the objective, RQs, study execution, and threats 

o the validity of the SMS. The results of the study search and 

election and the answers to the RQs are provided in Section 4 . 

ection 5 presents the discussion of the results. Section 6 summa- 

izes this SMS. The taxonomy of the paper is provided in Fig. 1 . 

. Context 

In this section, we first discuss the topic of smart city regard- 

ng the concept and characteristics. Then we describe the topic of 

G regarding 5G technologies and applications. Finally, we compare 

he related work (i.e., literature reviews) with our mapping study. 

.1. Context of smart city 

Smart city is not a new but fuzzy concept ( Hollands, 2008 ). 

he concept is usually used in different context that is not al- 

ays consistent ( Nam and Pardo, 2011 ). Besides the definition 

dopted in this study, we also found several other descriptions 

f a smart city. Examples are listed as follows. Washburn et al. 

2009) emphasized the use of smart computing technologies as the 

ore of a smart city, providing different services such as adminis- 

ration, education, and healthcare. Giffinger and Pichler-Milanovi ́c 

2007) considered that a smart city should have self-decisive, in- 

ependent, and aware citizens, as well as perform well in gov- 

rnance, mobility, economy, people, living, and environment. Hall 

t al. (20 0 0) ’s concern regarding a smart city is the management

e.g., monitoring) of critical infrastructures such as buildings, roads, 

nd power, in order to maximize services to citizens, improve city 
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Fig. 1. Taxonomy of the paper. 
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ecurity, make better plans, and optimize resource usage. Harri- 

on et al . demonstrated that a smart city includes three aspects, 

.e., instrumentation, interconnection, and intelligence ( Harrison 

t al., 2010 ). Rios (2012) considered smart city as a city that pro-

ides inspiration, shares culture, knowledge, and life, and moti- 

ates the residents in the city to create and develop their own 

ives. Partridge (2004) emphasized the importance of using Infor- 

ation and Communication Technologies (ICTs) to strengthen the 

reedom of speech and the accessibility to information and ser- 

ices. Though there are different descriptions regarding the smart 

ity concept, the studies are consistent on three major character- 

stics of a smart city ( Alawadhi et al., 2012; Carli et al., 2013 ): (1)

ffectiveness (i.e., providing services to the residents and organiza- 

ions of a city in an effective way), (2) Environmental benefits (i.e., 

mproving the quality of environment in a city, including energy 

onsumption and pollution), and (3) Innovation (i.e., improving the 

uality of main components in a city through cutting-edge tech- 

ologies in order to provide better services to the residents and 

rganizations). 

To be more specific, we listed five smart city dimensions as 

ollows. Environment ( Arroub et al., 2016; Chamoso et al., 2018 ) 
3 
efers to managing environmental infrastructures (including natu- 

al resources and energy) to increase the sustainability of a city. 

xamples are pollution control, management of sewers and green 

paces, and management of grids, lighting, and renewable energies. 

overnance ( Arroub et al., 2016; Chamoso et al., 2018 ) refers to 

sing strategies, especially through using ICTs, to improve city gov- 

rning activities (e.g., cooperation among stakeholders). Examples 

re e-governance, e-democracy, and transparency. Living ( Arroub 

t al., 2016; Chamoso et al., 2018 ) refers to intelligent ways of 

iving to improve productivity and comfort of residents in a city 

hrough technologies (e.g., IoT). Examples are entertainment, pub- 

ic safety, housing quality, and healthcare. Mobility ( Arroub et al., 

016; Chamoso et al., 2018 ) refers to managing traffic problems 

e.g., transport congestion) in the context of increasing of popu- 

ation and mobility complexity in cities. Examples are city logis- 

ics, mobility information, and mobility of people. Economy and 

ociety ( Arroub et al., 2016; Chamoso et al., 2018 ) refers to in-

ovative, digital, competitive, green, socially responsible manage- 

ent regarding economy and society. Examples are innovation and 

ntrepreneurship, culture heritage management, and digital educa- 

ion. 
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Fig. 2. A schematic diagram of 5G ( Agiwal et al., 2016 ). 5G is expected to fulfill a set of requirements (e.g., data rates and bandwidth) and be used to support different 

applications (e.g., Device to Device communications and Machine to Machine communications). It includes many architectural design decisions (e.g., density of small cells) 

and technologies (e.g., mm-wave and massive MIMO). 
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.2. Context of 5G 

5G is expected to satisfy various requirements regarding la- 

ency, data rates, bandwidth, coverage, connectivity, and energy 

onsumption ( Agiwal et al., 2016; Gupta and Jha, 2015 ). According 

o literature (e.g., Andrews et al., 2014; Chen and Zhao, 2014; Intel- 

igence, 2014; Minoli and Occhiogrosso, 2019 ), the major require- 

ents of 5G include: high data rates (e.g., 1–10 Gbps), low latency 

e.g., 1 ms), high bandwidth, massive connected devices (e.g., 100 

evices/m 

2 ), high availability (e.g., 99.99%), wide and reliable cov- 

rage for anytime and anywhere connectivity, reduction in energy 

sage (e.g., 90%), high battery life, and pragmatic deployment cost 

nd service price. There are a set of key architectural design deci- 

ions and technologies of 5G ( Agiwal et al., 2016; Ge et al., 2016;

upta and Jha, 2015 ), including mm-wave, massive Multiple In- 

ut Multiple Output (MIMO), beamforming, full duplex, Polar/Low- 

ensity Parity-check (LDPC) coding, Orthogonal Frequency Division 

ultiplexing (OFDM), Software Defined Network (SDN), Network 

unctions Virtualization (NFV), network slice, edge computing, the 

loud Radio Access Network (C-RAN, sometimes referred to as 

entralized Radio Access Network) architecture, the Distributed Ra- 

io Access Network (D-RAN) architecture, different types of cells 

i.e., macrocells, microcells, picocells, and femtocells), and ultra- 

ense network. Agiwal et al. (2016) described 5G using a schematic 

iagram as shown in Fig. 2 . Below we describe three examples. 

(1) The performance of wireless communication is related to 

any factors, such as spectral efficiency, bandwidth, and cells 

 Stallings, 2007 ). Current wireless communication usually uses the 

pectrum between 300 MHz and 3 GHz band, which is identified 

s the sweet spot ( Andrews et al., 2014; Rappaport et al., 2014 ).

hough the spectrum is rather reliable for propagation over several 

ilometers in different context, it may not be able to address the 

xploding communication traffic (e.g., from mobile phones) and 

onnectivity problems (e.g., large amount of devices connected in 

 dense area) ( Khan et al., 2012 ). As the first step, instead of using

m-wave (which will eventually be utilized later on), many coun- 

ries developed sub-6 GHz band (i.e., still using centimeter wave) 

or 5G communication. The reason is because of the unsolved 
4 
roblems, i.e., higher frequencies are more subject to weather im- 

airments, cannot travel longer distances and is more difficult to 

enetrate building walls compare to lower frequencies ( Minoli and 

cchiogrosso, 2019 ). If we can solve the problems, 5G commu- 

ication can use mm-wave band up to 300 GHz. Note that only 

7 GHz - 64 GHz band and 164 GHz - 200 GHz band are unsuitable

or communications ( Agiwal et al., 2016 ). 

(2) In the 5G context, different types of 5G cells (i.e., macrocells, 

icrocells, picocells, and femtocells) coexist ( Al-Turjman, 2019 ). 

icrocells, picocells, and femtocells are also called small cells. 

ecause of the densely deployment nature, 5G network contains 

any servers, routers, and other types of devices. Configure and 

aintain these devices is a challenge in 5G network. SDN offers 

he swiftness and flexibility to address the configuration and main- 

enance challenge through splitting the management of 5G net- 

ork into control plane and data plane ( Agyapong et al., 2014; 

ai et al., 2015 ). Besides decoupling the network control, SDN en- 

bles the network control to be programmable and makes the in- 

rastructure (e.g., hardware) be abstract for applications and ser- 

ices ( Nizzi et al., 2018 ). Interaction between the control plane and 

ata plane can be implemented through open interfaces (e.g., Open 

low) ( Arslan et al., 2015 ). 

(3) Another example is the C-RAN architecture, which aims to 

ddress problems regarding, for example, high data rates ( Checko 

t al., 2014 ). In C-RAN, there are three components, i.e., baseband 

ool, front haul, and remote units (i.e., Remote Radio Head, RRH 

 Remote Radio Unit, RRU or Active Antenna Unit, AAU) ( Agiwal 

t al., 2016 ). Baseband resources are virtualized and pooled at 

aseband Unit (BBU), which are not deployed with cell sites, but at 

ne or more remote places ( Cvijetic, 2014 ). Remote units are con- 

ected to baseband pool through fiber ( Cvijetic, 2014 ). Though the 

verall 5G network architecture is complicated (e.g., different types 

f cells, MIMO, and complex structure of heterogeneous networks), 

ased on virtualization, SDN, and other technologies, C-RAN is able 

o improve the overall quality of the 5G network architecture, mo- 

ility, energy consumption, coverage performance, among others. 

hecko et al. (2014) . Note that to fulfill different requirements in 

G communication, there are several definitions and classifications 
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f the components, their connections, and deployments in a 5G C- 

AN architecture (i.e., different architectural design decisions). As 

n example, instead of using BBUs, we can also divide a BBU into 

 Centralized Unit (CU) and a Distributed Unit (DU). Moreover, re- 

arding the deployment, CU can be deployed with DU (i.e., CU and 

U are at the same place), but can also be deployed separately. 

Applications of 5G include many aspects, such as Device to 

evice (D2D) communications, Machine to Machine (M2M) com- 

unications, IoT, Vehicle to Everything (V2X), transportation (e.g., 

igh speed trains), healthcare, financial (e.g., payments), smart city, 

nd smart grid ( Agiwal et al., 2016 ). These scenarios have various 

omponents, leading to different system architecture, technologies, 

hallenges, and lessons learned of using 5G. 

.3. Related work 

There are many literature reviews related to our topic. Mus- 

akim focused on 5G network architecture and emerging technolo- 

ies that enable vehicular network for smart vehicles in smart 

ities ( Mustakim, 2020 ). Mustakim briefly introduced Vehicle to 

ehicle Communication (V2V), Vehicle to Pedestrian Communica- 

ion (V2P), Vehicle to Infrastructure Communication (V2I), and in- 

ra vehicle communication. Then they analyzed vehicle networking 

ommunication standards and 5G vehicular networks. Qadir et al. 

eviewed papers regarding path planning for unmanned aerial ve- 

icles (UAVs) and 5G communications in the field of disaster man- 

gement in smart cities ( Qadir et al., 2021 ). They initially identified 

39 studies from the last decade and finally included 36 studies in 

heir review. Ullah et al. analyzed studies related to applications 

f AI and machine learning in smart cities, including a topic of 

eep reinforcement learning based UAV applications in 5G commu- 

ication ( Ullah et al., 2020 ). They emphasized more on the UAVs 

ole in 5G communication which can further play a critical role 

n smart city creation and sustainability, including deep reinforce- 

ent learning based UAVs-assisted mm-wave communication and 

AV positioning for throughput maximization and data offloading. 

ang et al. reviewed the field of non-terrestrial wireless technolo- 

ies for smart city IoTs. In their study, they also summarized the 

ase of using UAV with 5G and IoT in smart cities ( Wang et al.,

020 ). Mistry et al. presented an in-depth survey of state-of-the- 

rt proposals having 5G-enabled IoT as a backbone for blockchain- 

ased industrial automation for the applications, such as smart 

ity, industry, supply chain, and agriculture ( Mistry et al., 2020 ). 

n the field of smart city, they analyzed and compared seven stud- 

es published between 2014 and 2018. Haris and Al-Maadeed also 

ocused on using blockchain technology in 5G enabled IoT, includ- 

ng security, performance, network issues in the IoT devices based 

n 5G technology and integration of blockchain technology in 5G- 

oT devices ( Haris and Al-Maadeed, 2020 ). In their work, smart 

ity was considered as a blockchain application in 5G enabled 

oT. Kasznar et al. conducted a review on multiple dimensions of 

mart cities’ infrastructure ( Kasznar et al., 2021 ). They aimed to 

nswer three questions: (1) What are the various dimensions on 

hich smart city infrastructure research focuses? (2) What are the 

hemes and classes associated with these dimensions? (3) What 

re the main shortcomings in current approaches, and what would 

e a good research agenda for the future? They selected 75 studies 

ut of more than 12,0 0 0 studies. In their review, they used three

imensions of the smart city concept, i.e., technology, institution, 

nd community, and 5G is treated as a subject in the technology 

imension. Zhao et al. performed a review on nanogenerators for 

mart cities using 5G and IoT ( Zhao et al., 2021 ). Specifically, their

tudy shows how nanogenerators can be a game changer in the 

evelopment of smart cities under 5G services, including smart 

ealthcare, human machine interface, smart vehicles, intelligent 

ransportation, wind-based energy, and water-based energy. Hu- 
5 
eien and Shah conducted a scoping review to analyze the benefits 

f 5G to enhance the efficiency of smart cities and minimize cli- 

ate change impacts in Singapore ( Huseien and Shah, 2021 ). Their 

esults reveal that the smart management of energy, wastes, wa- 

er resources, agriculture, risk factors, and the economy adopted in 

ingapore can remarkably contribute to reducing climate change, 

hus attaining the sustainability goals. Miladieiet et al. focused on 

roviding an overview of recent developments of advanced opti- 

al networking to provide 5G transport networks and their applica- 

ions in connecting a huge number of devices in future smart city 

nfrastructures ( Miladi-Te et al., 2021 ). Their study covers four RQs: 

1) What are the requirements of 5G wireless on optical network- 

ng? (2) What are the available and emerging optical technologies 

upporting 5G? (3) What are the benefits of flexibility in optical 

omain supporting 5G communication infrastructure? (4) What are 

he research challenges on network flexibility implementation? 

Though there are many literature reviews related to our topic, 

e see the following limitations: (1) the focus of some related 

ork is not using 5G in smart cities, but some other related fields. 

xamples are using blockchain in smart cities (5G is only a small 

art of the whole system), IoT in smart cities (5G is only a small 

art of the whole system), and applications of 5G (smart city is 

nly one example of using 5G). This usually leads to the result 

hat the related work talks 5G in smart cities without details. (2) 

he research scope is limited. For example, some studies only fo- 

us on a specific part of smart cities. (3) Certain related work does 

ot follow a systematic process to search, select, and analyze stud- 

es, and therefore, it may lead to threats, such as omitting primary 

tudies and decreasing the quality of the extracted data from the 

tudies because of personal bias. To fill the gap of the exiting work, 

e decided to conduct an SMS that covers the literature published 

etween January 2012 and December 2019 regarding using 5G in 

mart cities. The scenarios, architecture, technologies, challenges, 

nd lessons learned of using 5G in smart cities are summarized 

nd further analyzed based on the selected studies. 

. Study design 

There are many types of empirical methods employed in empir- 

cal studies ( Shull et al., 2008; Wohlin et al., 2012 ), including ex- 

eriment, survey, case study, SLR, and SMS. In the field of empirical 

tudy research, an experiment is used to examine cause-effect rela- 

ionships between different variables characterizing a phenomenon 

 Wohlin et al., 2012 ). A survey is a system for collecting infor-

ation from or about subjects (e.g., people and projects) to de- 

cribe, compare, or explain their knowledge, attitudes, and behav- 

or ( Fink, 2003 ). Sometimes researchers also use the term “survey”

or a study that is actually a type of literature review. A case study 

s an empirical inquiry that draws on multiple sources of evidence 

o investigate one or a small number of instances of a contem- 

orary phenomenon within its real-life context, especially when 

he boundary between phenomenon and context cannot be clearly 

pecified ( Runeson et al., 2012 ). SLRs, literature surveys, and SMSs 

re secondary studies. A secondary study does not generate any 

ata from direct observation or measurement, instead, it analyses 

 set of primary studies and usually seeks to aggregate the results 

rom these studies to provide stronger forms of evidence about a 

articular phenomenon ( Kitchenham et al., 2015 ). An SLR usually 

rovides an objective and unbiased approach to find relevant pri- 

ary studies for extracting, aggregating, and synthesizing the data 

rom these studies ( Kitchenham et al., 2015 ). The objective of lit- 

rature surveys is similar to SLRs. However, literature surveys usu- 

lly do not follow a systematic process to search, select, and ana- 

yze included papers. An SMS is a type of secondary study that can 

e used to systematically extract and compile knowledge from pri- 

ary studies ( Petersen et al., 2015a ). Both literature surveys, SLRs, 
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Table 1 

RQs and their rationale. The RQs can be mapped to the contribution presented in Section 1 . 

Research question Rationale 

RQ1: What are the scenarios of using 5G in smart cities? There are many working areas related to the topic of the SMS. The answer of this RQ helps 

researchers and practitioners to understand the current focuses of using 5G in smart cities. 

RQ2: What is the architecture of 5G-enabled smart cities? Through analyzing the relationships between 5G and specific smart city components, and the 

mapping of 5G-related technologies to those components, this RQ intends to understand the 

architecture of using 5G in smart cities via a systematic viewpoint. 

RQ3: Which 5G-related technologies can be used in/with 

smart city components? 

5G is composed of a set of technologies, such as mm-wave, beamforming, Massive MIMO, radio 

access, SDN, and NFV Agiwal et al. (2016) . The answer of this RQ identifies the major 5G-related 

technologies used in the smart city context. 

RQ4: What are the challenges (problems) of using 5G in 

smart cities? 

Through identifying the challenges (problems) of using 5G in smart cities, this RQ helps 

researchers to form new research directions in this area and practitioners to be aware of the 

weak points of using 5G in smart cities. 

RQ5: What are the lessons learned from using 5G in 

smart cities? 

Based on the previous experience of using 5G in smart cities, this RQ helps researchers and 

practitioners to come up with better solutions in this area. 
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nd SMSs are commonly used in many research fields (e.g., medi- 

al research Ouhbi et al., 2020; Sadoughi et al., 2020; Siddiqi et al., 

006 and computer science research Agiwal et al., 2016; Dybå and 

ingsøyr, 2008; Petersen et al., 2015b ). 

As explained in Section 1 , we decided to conduct an SMS on 

he topic of using 5G in smart cities. In this section, we introduce 

he objective, RQs, study execution, and threats to the validity of 

he SMS. 

.1. Objective and research questions 

The objective of the SMS is to explore and analyze the state of 

he art of using 5G in smart cities. We further decomposed the 

bjective into five RQs (see Table 1 ). 

.2. Study execution 

This section introduces the study execution process, study 

earch and selection, and data extraction and analysis. 

.2.1. Study execution process 

The study execution process is shown in Fig. 3 , which is com- 

osed of eight phases. We identified the preliminary search terms 

rom related literature. Since different databases offered various 

earch engines and capabilities, we used the identified search 

erms and conducted a trial search and selection. Results and prob- 

ems were discussed by the authors. We refined the search strategy 

earned from the trial search, and a formal search was conducted 

o search potentially relevant primary studies in the databases. 

hen we performed three rounds of study selection through title, 

bstract, and full text, respectively. All the results were recorded 

uring the search and selection process. After Phase 5, we con- 

ucted a manual search (i.e., Phase 6-1) through using the snow- 

alling technique ( Wohlin, 2014 ) based on the outputs from Phase 

. Then we used a 3-step process (i.e., Phase 6-2, 6-3, and 6-4) 

or further selection. Finally, data was extracted and analyzed in 

hase 7 and 8, respectively. We started writing the protocol of this 

ork in December 2019, and finished the design, data collection, 

nd data analysis in July 2020. 

.2.2. Study search and selection 

Based on our knowledge and related literature (e.g., Ali et al., 

010; Dybå and Dingsøyr, 2008 ), we chose seven databases as the 

ources for database search in the SMS. The selected databases are 

epresentative as they are used as the sources for study search 

n many related SMSs and SLRs. Since the search engines of the 

atabases were different, we listed the name and search area of 

ach database as follows: (1) ACM Digital Library (title and ab- 

tract), (2) IEEE Explore (metadata that includes title, abstract, and 

ndexing terms), (3) Science Direct (title, keywords, and abstract), 
6 
4) SpringerLink (full text), (5) Wiley InterScience (title and ab- 

tract), (6) EI Compendex (subject, title, and abstract), and (7) ISI 

eb of Science (topic that includes title, abstract, author keywords, 

nd keywords plus). Note that the ISI Web of Science database 

as renamed as Clarivate Analiytics in 2018. We also conducted 

n additional search on the Scopus database with the same set- 

ings as used for the seven databases. However, all the papers re- 

rieved from the Scopus database were included in the search re- 

ults of the seven databases. Therefore, we did not include the Sco- 

us database in this study. Moreover, we found that industry and 

olicy started analyzing and discussing requirements of 5G in 2012 

 Harborth and Pohl, 2017 ). Therefore, we set the time period be- 

ween January 2012 and December 2019 in database search. The 

rial search was conducted in January 2020, and the formal search 

as conducted in February 2020. 

Nam and Pardo (2011) conducted a study on conceptualizing 

mart city, and came up with a set of definitions and conceptual 

elatives. Therefore, the search terms regarding smart city used 

n this study are based on their research ( Nam and Pardo, 2011 ).

e used Boolean “OR” to join alternate words and synonyms and 

oolean “AND” to join major terms. The following search query 

as used in database search: 

(5G) AND (“smart city” OR “smart cities” OR “digital city” OR “dig- 

tal cities” OR “intelligent city” OR “intelligent cities” OR “ubiquitous 

ity” OR “ubiquitous cities” OR “wired city” OR “wired cities” OR “hy- 

rid city” OR “hybrid cities” OR “information city” OR “information 

ities” OR “creative city” OR “creative cities” OR “learning city” OR 

learning cities” OR “humane city” OR “humane cities” OR “knowledge 

ity” OR “knowledge cities” OR “smart community” OR “smart com- 

unities”) 

To select studies from the retrieved results from database 

earch, we used the following inclusion criteria: 

I1: The paper concerns using 5G in smart cities. 

We used the following exclusion criteria: 

E1: The paper concerns 5G or smart city separately. 

E2: The paper talks using 5G in smart cities without details, i.e., 

o data can be extracted to answer the RQs. 

E3: The paper is gray literature (i.e., not peer-reviewed, such as 

echnical report and work in progress) Keele et al. (2007) . 

E4: The paper is not written in English. 

E5: If two papers publish the same study in different venues 

e.g., conference and journal), the less mature one is excluded. 

E6: The paper is a secondary study (e.g., literature reviews and 

urveys). 

E7: The paper is not available in full-text. 

We also found certain topics that are usually related to the 

mart city topic, such as automated driving, smart grid, and smart 

actory. However, unless the context of the study is smart city (e.g., 

utomated driving in a smart city), the study was not considered 

i.e., not qualified for I1). 
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Fig. 3. Study execution process. We followed a systematic process which is composed of eight phases to search, select, and analyze relevant studies on using 5G in smart 

cities. 

Table 2 

Data items, their description, and related RQs. “ID ”, “Title ”, “Author list ”, “Year ”, “Venue ”, and “Evidence level ” are common information when conducting SMSs. Other data 

items can be mapped to the RQs. 

Data item Description RQ 

ID The identity of the study N/A 

Title The title of the study N/A 

Author list The full name of the authors N/A 

Year The year when the study was published N/A 

Venue The name and type (i.e., journal, conference, and book) of the venue where the study was published N/A 

Evidence level The evidence is regarding how the proposed 5G architecture or technologies were evaluated in the study. We follow the 

evidence hierarchy in six levels proposed in Alves et al. (2010) . 

N/A 

Scenario The scenarios of using 5G in smart cities RQ1 

Architecture The architecture of 5G-enabled smart cities RQ2 

5G technology The 5G-related technologies that can be used in/with smart city components, and how they are used in/with smart city 

components 

RQ3 

Challenge The challenges (problems) of using 5G and 5G-related technologies in smart cities RQ4 

Lesson learned The lessons learned from using 5G in smart cities RQ5 

3
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.2.3. Data extraction and analysis 

Table 2 shows the data items, their description, and related RQs 

xtracted after study search and selection. The information was 

ecorded through the MAXQDA tool. The length of the extracted 

ata can be various (e.g., one sentence, several sentences, one 

aragraph, or several paragraphs). We used both quantitative and 

ualitative analysis (i.e., descriptive statistic and Constant Compar- 

son) based on the RQs. Constant Comparison provides a system- 
7 
tic way to generate incidents, concepts, and categories from the 

xtracted data, and a continuous process of verification of the gen- 

rated incidents, concepts and categories ( Glaser et al., 1968 ). 

.3. Threats to validity 

We discussed the threats to the validity of the SMS according 

o study search and selection and data extraction and analysis. One 
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hreat is that we may have omitted studies in database search be- 

ause of improper search sources, search terms, and search strate- 

ies. To reduce the threat, we chose 7 popular databases and 

earch terms according to our knowledge and related literature. We 

erformed snowballing to manually search and select studies. We 

lso conducted a trial search to develop the most suitable search 

trategy (e.g., search area of the database). 

Due to the subjective nature of study selection, another threat 

s that we may have incorrectly included or excluded studies in 

his SMS. To reduce the threat, besides conducting snowballing and 

 trial selection in the databases, we also carefully designed the se- 

ection criteria. Moreover, all the selection phases were performed 

y two authors independently and the other authors reviewed the 

esults. Conflicts were addressed by all the authors through meet- 

ngs. 

Personal bias and mistakes may have a negative impact on data 

xtraction and analysis. To address the problem, the data extrac- 

ion and analysis were done by one author, and the results were 

eviewed by another author. Conflicts were addressed by all the 

uthors through meetings. We also used the MAXQDA tool in data 

xtraction and analysis. The tool offered functions such as coding 

nd visualization, which helped us to partially reduce mistakes. 

. Systematic mapping study results 

In this section, we provide the results of the study search and 

election and the answers to the RQs. Note that “the studies ” in this 

ection means the selected 32 studies of the SMS. 

.1. Search and selection results 

This section provides the search and selection results. As shown 

n Fig. B.1 in the appendix, we collected 1366 studies from the 

even databases. For the three-round selection process, we selected 

06 studies, 83 studies, and 31 studies, respectively. Moreover, one 

tudy was identified through snowballing, and consequently 32 

tudies were finally included in this work, as shown in Table 3 . 

The sources of the studies on using 5G in smart cities are 

hown in Table B.1 in the appendix. The 32 studies are published in 

7 publication venues, containing 17 conferences (out of 27, 63.0%), 

 journals (out of 27, 33.3%), and 1 book (out of 27, 3.7%). The 

op 5 venues are IEEE Communications Magazine, Wireless Per- 

onal Communications, IEEE Access, Smart Cities & Information and 

ommunication Technology (CTTE-FITCE), and International Confer- 

nce on Communications (COMM). The number of the studies on 

sing 5G in smart cities over time period is from 0 to 12 as shown

n Fig. 4 . The number increases steadily since 2015, and reaches a 

eak in 2019. 

Table 4 shows the evidence of using 5G in smart cities from 

he studies. 17 studies (out of 32, 53.1%) report results based on 

cademic studies and 13 studies (out of 32, 40.6%) use demonstra- 

ion or toy examples. Only 2 studies (out of 32, 6.3%) report using 

G in smart cities based on industrial studies. If a study provides 

vidence at multiple levels, its highest level is counted. There are 

tudies claiming that their proposed methods had been (or would 

e) used in a real city project (e.g., the MATILDA project and the 

2020 5GCity project). However, we did not find any report from 

he studies on evaluation of the proposed methods used in the 

entioned city project (i.e., no industrial studies or industrial prac- 

ice reported). Therefore, we did not consider such statements as 

vidence. 

Moreover, there are many uncertainties mentioned in the stud- 

es, such as how 5G will be used in real context and configuration 

f 5G network in smart cities. One way to deal with the uncertain- 

ies is to make assumptions. An assumption is something uncertain 
8 
ut taken for granted (or accepted as true). We found that 16 stud- 

es (out of 32, 50.0%) include assumptions of 5G network design or 

mart city scenarios. An example is: “We assumed that at the be- 

inning of the study period macrocells and small cells were equipped 

ith cross-polarised antennas and the user equipment with 2 anten- 

as. ” Another example is: “The shopping mall test case is formed 

ith four rows of femtocells, assuming each shop there is an access 

oint and a pedestrian corridor in the middle. ”

.2. Scenarios of using 5G in smart cities 

This section reports the results of RQ1. 27 studies (out of 32, 

4.4%) demonstrate at least one scenario of using 5G in smart 

ities. Others (5 studies out of 32, 15.6%) describe smart city as 

 whole without presenting any specific scenario. Some mentioned 

cenarios (e.g., supply chain and logistic, waste recycling, environ- 

ent sustainability, 3D image, and localization) do not have de- 

ails in the studies, which are not included in this section. We also 

ound that the line between two scenarios is not always clear. As 

n example, casinos (belongs to the entertainment scenario) can 

nclude certain sort of transportation (e.g., transportation between 

asinos and train stations). There are no systematic classifications 

egarding the whole picture of scenarios of using 5G in smart cities 

rom the selected studies. As mentioned in Section 3.2.3 , we did 

ot predefine classifications of the scenarios of using 5G in smart 

ities, but used Constant Comparison to generate incidents, con- 

epts, and categories. This method has also been employed to an- 

wer RQ2-RQ5. 

The smart city scenarios are demonstrated in Table 5 . Trans- 

ortation (12 studies out of 32, 37.5%) is the most mentioned sce- 

ario in the studies. Note that one study can include zero, one, or 

ultiple scenarios of using 5G in smart cities. We provide three 

xamples as follows. In Liao and Wang (2018) , the authors dis- 

ussed the design and applications of using 5G for casinos and en- 

ertainment. The transportation scenario in such context includes 

arious vehicles (e.g., buses, trains, taxis, and shuttles) driving 

mong the casinos, entertainment, gateways (e.g., airports), and 

ther destinations in the city. These vehicles can be autonomous 

nd therefore there is a need to deploy massive sensors all over 

he city (e.g., vehicles, driveways, and crossroads). 5G can be used 

or the communications between the sensors, enabling low latency 

nd high reliability to ensure the transportation is safe and fool- 

roof. The 5G network should also be smart, i.e., it should be scal- 

ble and flexible to adapt different cases, such as rush crowds get- 

ing off work or after a sport game. In Marabissi et al. (2019) , the

uthors considered that smart transportation should be safe, ef- 

cient, reliable, and green. Similar to Liao and Wang (2018) , the 

uthors also mentioned that there would be many devices inside 

r outside vehicles, and 5G can be used for the communications 

n the V2X network. This includes many use cases, such as road 

onitoring (i.e., monitoring daily activities and state of the road 

urface and exchanging data through 5G) and advanced viability of 

ehicles (i.e., connecting vehicles and control/data centers through 

G to share data). The characteristics of 5G are important in this 

cenario, i.e., offering real-time communication services as well as 

upporting high density of network nodes during traffic jam and 

mergencies. In Sharif et al. (2019) , the authors described parking 

n the transportation scenario. They considered that a smart park- 

ng system with 5G can (1) help vehicles to find empty parking 

lots along roadside or underground parking, (2) provide guidance 

owards the slots, and (3) help to pay for parking fees. 

The second smart city scenario is public safety (9 studies out 

f 32, 28.1%). The usage of 5G in this scenario is consistent, i.e., 

upporting data transmissions between cameras and servers. We 

rovide three examples as follows. In Okumura et al. (2018) , the 

uthors stated that public safety includes services for monitor- 
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Table 3 

Title and publication year of the selected studies. 

Title Year 

UAV Network and IoT in the Sky for Future Smart Cities 2019 

The technical concept of using the 700 MHz band as a base for 5G smart cities networks in Poland 2018 

Softwarization and virtualization in 5G networks for smart cities 2016 

Smart mobile city services in the 5G era 2018 

Smart home and smart city solutions enabled by 5G, IoT, AAI and CoT services 2014 

Smart city traffic monitoring system based on 5G cellular network, RFID and machine learning 2019 

Smart city as a 5G ready application 2018 

Scenario planning for 5G light poles in smart cities 2017 

A real case of implementation of the future 5G city 2019 

The INCIPICT project and the 5G trial: A living lab for the city of L’Aquila 2018 

Impact of 5G technologies on smart city implementation 2018 

Evaluation of IoT and videosurveillance applications in a 5G smart city: The Italian 5G experimentation in Prato 2018 

Enabling technologies to realise smart mall concept in 5G era 2018 

Efficient media streaming with collaborative terminals for the smart city environment 2017 

Dynamic traffic prediction with adaptive sampling for 5G HetNet IoT applications 2019 

Distributed network infrastructure for community services in the framework of next generation mobile networks 2017 

Development and implementation of a smart city use case in a 5G mobile network’s operator 2017 

Deploying 5G-technologies in smart city and smart home wireless sensor networks with interferences 2015 

Data traffic model in machine to machine communications over 5G network slicing 2016 

Cost model for a 5G smart light pole network 2019 

A context-aware radio access technology selection mechanism in 5G mobile network for smart city applications 2019 

Compute and network virtualization at the edge for 5G smart cities neutral host infrastructures 2019 

Compact base station antenna based on image theory for UWB/5G RTLS embraced smart parking of driverless cars 2019 

City strategies for a 5G small cell network on light poles 2019 

5G Wireless Micro Operators for Integrated Casinos and Entertainment in Smart Cities 2018 

5G smart city vertical slice 2019 

5G optimized caching and downlink resource sharing for smart cities 2018 

A 5G new smart city services facilitator model 2019 

5G field trials in the smart city and medical service areas toward social implementation of 5G 2018 

5G converged cell-less communications in smart cities 2017 

A business case for 5G mobile broadband in a dense urban area 2019 

5G network architecture, functional model and business role for 5G smart city use case: Mobile operator perspective 2018 

Table 4 

Evidence regarding using 5G in smart cities in the studies. It is usually unclear whether the proposed methods or the obtained results from literature can 

be used in practice. We used a rigorous assessment method to analyze the evidence level of adopting the proposed methods or the obtained results from 

the selected studies in practice. 

Evidence level Description Number of studies 

Level 1 There is no evidence regarding using 5G in smart cities. 0 

Level 2 There is evidence regarding using 5G in smart cities based on demonstration or working out toy examples. 13 

Level 3 There is evidence regarding using 5G in smart cities based on expert opinions or observations. 0 

Level 4 There is evidence regarding using 5G in smart cities based on academic studies. 17 

Level 5 There is evidence regarding using 5G in smart cities based on industrial studies. 2 

Level 6 There is evidence regarding using 5G in smart cities based on industrial practice. 0 

Fig. 4. Number of studies on using 5G in smart cities over time period (2012–2019). After the searching and selection phases, we identified and collected 32 relevant studies 

on the topic of using 5G in smart cities. The number increases steadily since 2015, and reaches a peak in 2019. 

9 
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Table 5 

Smart city scenarios of using 5G. The scenarios are scattered across the 32 selected studies, and we used Constant Comparison to analyze and classify these studies. Some 

mentioned scenarios (e.g., supply chain and logistic, waste recycling, environment sustainability, 3D image, and localization) do not have details in the studies, which are 

not included. Note that “Number of studies ” means the number of the selected studies (i.e., 32) that mention a specific smart city scenario with 5G. 

Smart city scenario Description Number of studies 

Transportation Transportation includes management of traffic and accidents on the roads, assisted or autonomous 

driving, parking regarding both roadside and underground, and related services (e.g., paying fees). 

12 

Public safety Public safety refers to safety and security to a city (including the citizens living in the city). Examples 

are security threat from theft, vandalism, looting, and riots, security for events, and anomalies such as 

smoke and fire. 

9 

Healthcare This is regarding providing healthcare services across metropolitan, regional, and remote locations. 

Examples are teleradiology, telesurgery, 3D imaging (e.g., brain), emergence care, remote conferencing 

and patient monitoring, and implanted microchips and sensors. 

6 

City tourism City tourism refers to visiting museums, historic buildings, and archaeological sites, as well as others 

such as malls. 

5 

Entertainment In the studies, this refers to entertainment related to casinos (e.g., mega jackpot and anti-counterfeiting 

lottery). 

2 

Education This refers to moving physical class rooms to online and virtue classrooms. Students can learn anytime 

at anyplace from various online sources. High speed and ultra-low latency are required in this scenario. 

2 

Table 6 

Smart city infrastructure management scenarios. The core of smart city infrastructure management is to deploy various devices on city infrastructure, and use 5G for the 

communications between the devices, in order to support different smart city scenarios. Note that “Number of studies ” means the number of the selected studies (i.e., 32) 

that mention a specific smart city infrastructure management scenario with 5G. 

Smart city 

infrastructure 

management scenario 

Description Number of studies 

Lighting management Lighting management includes accommodating massive connected actuators and controllers to 

support not only lighting in streets, but also other city services such as surveillance, advertising, 

and Wi-Fi hotspots. 

9 

Video management This includes management of different types of videos (e.g., surveillance cameras, wearable 

cameras, cameras equipped on other devices such as drones) for video streaming (e.g., uplink 

and downlink), information sharing, video traffic management, and real-time video surveillance. 

8 

Building management Building management refers to automation in buildings. An example is to constantly monitor 

the status of a building to detect potential risks and provide specific mechanisms to respond to 

emergency. 

7 

Energy management Energy management supports accurate and real-time analysis of energy usage in different places 

(e.g., buildings) of a city. 

4 

Network management Network management refers to using for example UAVs in the sky to enhance the coverage of 

the network. 

2 
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ng and addressing wide area disasters, crowding, dangerous arti- 

les, and premeditated crimes. The scenario is composed of many 

igh-resolution cameras scattered in the city or worn by secu- 

ity guards, leading to the need of supporting massive image data 

ransmissions. Enabled by the ultra-high speed and large capac- 

ty characteristics, 5G can be used in the scenario. In Nizzi et al. 

2018) , the authors also mentioned the necessity of video surveil- 

ance for public safety in smart cities. Specifically, they emphasized 

n some cases, there is a need to get multiple sequences of image 

rames from different cameras for real-time analysis. Therefore, the 

equired data rate of transmission is much higher than the cases 

hat only need a single image. Using 5G in the public safety sce- 

ario can ensure data transmission, and further improve the per- 

ormance of for example, face recognition, object detection, action 

etection, and person re-identification. In Rao and Prasad (2018) , 

he public safety scenario includes security threats from theft, ri- 

ts, and terrorism, leading to the need of real-time video surveil- 

ance at for example banks, stores, and roads. The authors pointed 

ut that using 5G in this scenario can fulfill the requirement, en- 

bling face recognition, specific person detection, action detection, 

mong others. 

Healthcare (6 studies out of 32, 18.8%) is in the third position. 

e provide three examples as follows. In Marabissi et al. (2019) , 

he healthcare scenario includes the support of a set of health ser- 

ices that can be used remotely, such as telemedicine, telemoni- 

oring, and action detection. The cases of using 5G in the scenario 

re eMBB, mMTC, and uRLLC. In Dighriri et al. (2016) , the authors 

ocused on constantly monitoring patients with smart M2M de- 

ices, for example, gathering information regarding body param- 
10 
ters at home or hospitals. In their smart healthcare system with 

G, they identified five main requirements: (1) sensitive data traf- 

c, (2) 1 ms priority, (3) low latency, (4) 100 Mbps of minimum 

andwidth, and (5) support of mobility. In Rao and Prasad (2018) , 

he authors summarized how 5G can support the healthcare sce- 

ario: (1) the high bandwidth and massive connected devices char- 

cteristics of 5G can support health monitors and consumer de- 

ices; (2) the ultra-low latency characteristic of 5G can support 

emote surgery; (3) the always on connectivity characteristic of 

G can support remote healthcare services being available across 

etropolitan, regional, and remote locations. 

Besides the smart city scenarios, we also identified five smart 

ity infrastructure management scenarios. The core of smart city 

nfrastructure management is to deploy various devices on city in- 

rastructure, and use 5G for the communications between the de- 

ices, in order to support different smart city scenarios. For exam- 

le, in transportation and public safety, there are many use cases 

egarding 5G-based video cameras. As shown in Table 6 , 9 studies 

out of 32, 28.1%) focus on lighting management. Video manage- 

ent (also called media management, 8 studies out of 32, 25.0%) is 

n the second position, followed by building management (7 stud- 

es out of 32, 21.9%). 

We further mapped the identified smart city scenarios to the 

hree 5G patterns (i.e., eMBB, mMTC, and uRLLC) as shown in 

able 7 . For example, for city infrastructure management (e.g., 

anagement of buildings and light poles), there would exist a 

arge number of sensors, actuators, and other types of devices that 

eed to be connected in a network (i.e., the mMTC scenario). Note 

hat the network management scenario is mainly regarding the 
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Fig. 5. Urban computing framework in 5G network ( Storck and Duarte-Figueiredo, 2019 ). The 5G part in the architecture is composed of a set of base stations, vehicles, 

buildings, and mobile devices. 

Table 7 

A mapping of the smart city scenarios and smart city infrastructure manage- 

ment scenarios to the 5G patterns (i.e., eMBB, mMTC, and uRLLC). As an exam- 

ple, regarding using 5G in the Entertainment scenario, the 5G usage patterns 

include eMBB, mMTC, and uRLLC. 

Smart city scenario 5G patterns 

Entertainment eMBB, mMTC, uRLLC 

City tourism eMBB, mMTC 

Education eMBB, uRLLC 

Healthcare eMBB, mMTC, uRLLC 

Transportation eMBB, mMTC, uRLLC 

Public safety eMBB 

Smart city infrastructure management scenario 5G patterns 

Building management mMTC 

Lighting management mMTC 

Energy management mMTC 

Video management eMBB 

Network management N/A 
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anagement of components in a 5G network (e.g., network shar- 

ng) to improve the performance of the network in smart cities. 

herefore, we did not map it to any 5G pattern. 

Based on the scenarios, we also identified six types of compo- 

ents of a smart city that are related to 5G. The description of each 

ype is presented in Table 8 . Moreover, specific smart city scenarios 

e.g., transportation) may use different components and the con- 

ections between the components as well as between 5G and the 

omponents could be various. 

.3. Architecture of 5G-enabled smart cities 

This section reports the results of RQ2. 28 studies (out of 32, 

7.5%) propose and/or discuss the architecture of 5G-enabled smart 

ities. We identified three types of architecture as follows. Note 

hat one study can describe zero, one, two, or three types of the 

rchitecture. An example is Storck and Duarte-Figueiredo (2019) , 

hich describes both a smart city architecture (treating 5G as a 

omponent) and a 5G network architecture in smart cities. 

.3.1. Smart city architecture (treating 5G as a component) 

In this type, 7 studies (out of 32, 21.9%) provide a general archi- 

ecture of 5G-enabled smart cities. The architecture treats a smart 

ity as a whole without providing details on specific scenarios or 

he architecture provided in the studies includes more than one 

cenario. For instance, in Storck and Duarte-Figueiredo (2019) , the 

uthors provided an urban computing framework in 5G network, 

hile the 5G part in the architecture is composed of a set of base

tations, vehicles, buildings, and mobile devices (see Fig. 5 ). For an- 

ther example, in Dighriri et al. (2016) , the authors provided a 5G 

etwork slicing architecture for smart cities that includes multiple 
11 
pplications: usage of mobile devices (e.g., video), smart health- 

are, and smart traffic monitoring. In Okumura et al. (2018) , the 

uthors described two examples of smart city architecture using 

I and 5G. The architecture includes various stakeholders such as 

ecurity guards, suspicious people, and specified people and de- 

ices such as cameras, robots, smart phones, and drones as shown 

n Fig. 6 . 

The second subtype is that the studies connect a specific smart 

ity scenario with 5G. The most mentioned scenario is lighting 

anagement (4 studies out of 30, 13.3%). An example is shown 

n Fig. 7 . In the scenario, a 5G small cell is deployed on a light

ole with many other types of components (e.g., IoT sensors, ad- 

ertisement screens, and surveillance cameras). User equipment 

nd other components on the pole can connect with the 5G small 

ell for data transmitting and receiving. Besides using a 5G small 

ell, we could also use a 5G sensor on the pole connected to a 5G

acrocell. In this way, components on the pole can use 5G services 

hrough the 5G sensor. Another example is the transportation sce- 

ario (3 studies out of 30, 10.0%). With a 5G network using both 

acrocells and small cells that covers an area, vehicles (e.g., buses, 

utonomous cars, and trucks) can be connected in a 5G network. 

his can help them to share traffic information (e.g., traffic jams) 

nd furthermore, to plan their routes or predict traffic events in a 

ynamic and real time way. 

.3.2. 5G network architecture in smart cities 

This type is related to a set of architectural design decisions of 

sing 5G in smart cities. The decisions are regard different compo- 

ents in a 5G network, such as architecture of a macro or small 

ell (e.g., structure, band, height, range, modulation, and coding 

cheme), 5G deployment architecture (i.e., standalone, SA or non- 

tandalone, NSA), cellular network architecture (e.g., C-RAN, cov- 

rage of the whole network, and number and distribution of base 

tations), and usage of 5G-related technologies (e.g., SDN and NFV). 

e provide three examples as follows. 

In Liao and Wang (2018) , the authors focused on the design and 

pplications of using 5G in casinos and entertainment in smart 

ities. Their high-level architecture includes both macrocells and 

mall cells (i.e., microcells, picocells, and femtocells) with BBU 

ools to form their 5G network in a smart city as shown in Fig. 8 .

n this architecture, antennas are deployed at macro and small 

ells, while BBUs are aggregated in one or several centralized lo- 

ations (i.e., the C-RAN architecture). Moreover, different types of 

ells are used in different places. Macrocells are high-powered ra- 

io access nodes, which can cover a wide range. They are the basis 

f the 5G network. On the other side, small cells are the last-mile 

etwork infrastructure, which can complement the coverage from 

acrocells. For example, femtocells can only cover a small area and 



C. Yang, P. Liang, L. Fu et al. Intelligent Systems with Applications 14 (2022) 20 0 065 

Table 8 

Smart city components related to 5G. A smart city is composed of a set of components. When using 5G in smart cities, 5G is usually related to different smart city 

components. This table shows the related smart city components identified from the selected studies. 

Component Description 

Technology This refers to the technologies used with 5G in smart cities, such as cloud computing, IoT, big data, and AI technologies. These 

technologies provide different services and cooperate with each other to support a smart city. 

Service New or adapted services are provided in the context of using 5G in smart cities. Examples are services (e.g., 5G network services and 

platform services) related to the scenarios identified in Section 4.2. 

City infrastructure There are various types of city infrastructure related to the usage of 5G according to the scenarios. Examples are fiber, power grid, light 

pole, building, street, and public space. 

Business Using 5G in a smart city requires new infrastructure and services, which would bring new business modes, investment and employment 

opportunities. 

Stakeholder This includes infrastructure owner, service provider, service operator, and service consumer. Detailed examples are government, developer, 

network operator, system operator, mobile user, driver, customer, and patient. 

Device Based on different scenarios and the technologies used, various devices would be employed. Examples are vehicle, server, robot, mobile 

device, camera, wearable device, and drone. 

Fig. 6. An example of smart city architecture for public safety using 5G ( Okumura et al., 2018 ). In the architecture, 5G is used for video transmission. The architecture 

includes various stakeholders, such as security guards, suspicious people, and specified people and devices, such as cameras, robots, smart phones, and drones. 
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 few connections simultaneously, and therefore, femtocells can be 

sed in smart homes in a building. Then the authors proposed 

 detailed system architecture of using 5G in smart cities based 

n the solution (e.g., SESAME) from the H2020 5GCity project as 

hown in Fig. 9 . The system architecture also has four layers as 

pplication layer (e.g., accounting, billing and access control), or- 

hestration layer (e.g., NFV orchestrator and NFV manager), NFVI 

nfrastructure layer (Virtualized Infrastructure Manager, VIM and 

ide area network infrastructure connection management), and 

FVI layer (virtualized data center infrastructure and wide area 

etwork). The major concern is to enable multiple network oper- 

tors to use the system through network slices in an edge-based 

nd virtualized environment. 

In Paolino et al. (2019) , the authors focused on virtualization 

f the 5G network, and proposed an adapted 5G network archi- 

ecture in smart cities (see Fig. 10 ). In the original architecture, it 

ims to deal with the integration of NFV, SDN, and edge comput- 

ng based on a neutral host platform, in order to enable service 

roviders to flexibly deploy applications and collaborate with each 

ther, and also helps infrastructure owners to manage their invest- 
12 
ent. In such a neutral platform, virtualization is the key element, 

hich provides abstraction of infrastructure resources. However, 

here could be various stakeholders with multiple heterogeneous 

pplications interconnected in the platform. This leads to a prob- 

em regarding complicated virtualization that should support for 

xample different stakeholders with multiple VIMs and orchestra- 

ion solutions, as well as heterogeneous and distributed devices. 

o address the problem, their extended 5G network architecture 

as four layers, i.e., application layer (including third parties ser- 

ices, management dashboard, software development kit, and ser- 

ice programming models), orchestration and control layer (includ- 

ng NFV orchestrator, Virtualized Network Function (VNF) manager, 

IM, resource management, core VIM, edge VIM, and SDN con- 

roller), access layer (including mobile IoT devices, front-haul net- 

ork, and radio elements) and infrastructure layer (core NFV in- 

rastructure, edge NFV infrastructure, and back-haul network). Such 

n architecture has multiple VIMs with edge VIMs, multiple NFVIs 

ith edge NFVIs, and an SDN-based wireless virtualization com- 

onent (for IoT devices, front-haul network, and radio elements). 

he idea of this architecture is to combine VIMs and deploy them 
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Fig. 7. Architecture of lighting management with 5G in smart cities ( Rusti et al., 2019 ). In the architecture, 5G is used for data transmission for light poles. Similar to the 

above examples, 5G is treated as a simple component without details on the network in the whole architecture. 

Fig. 8. High-level 5G network architecture in smart cities. The architecture includes both macrocells and small cells (i.e., microcells, picocells, and femtocells) with BBU pools 

( Liao and Wang, 2018 ). 
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n various point of presences and manage radio resources using an 

DN controller for wireless virtualization. The architecture can also 

upport different deployment scenarios. 

In Bronk et al. (2018) , the authors tried to address a practical 

roblem, i.e., how 5G can be deployed in two Polish cities - TriCity 

nd Warsaw. They first calculated the city-related data (e.g., num- 

er of devices and data traffic generated by the devices in the two 

ities) based on certain reports (e.g., Cisco, 2017a; Cisco, 2017b ). 

hen the authors further made a set of architectural design deci- 
13 
ions and architectural assumptions regarding their 5G smart city 

etwork in their experiments. For decisions, they chose, for exam- 

le, 700 MHz band, 46 dBM (40 W) transmitter power, 18 dBi an- 

enna gains for base stations, QPSK, 16QAM, 64QAM, and 256QAM 

odulation, and four channel bandwidths as 5, 10, 15, and 20 MHz. 

or assumptions, examples are a. the number of residents in TriC- 

ty and Warsaw in 2021 will be 749,015 and 1,798,514 respectively; 

. assuming the number of M2M devices in TriCity and Warsaw is 

.45 million and 3.48 million respectively; c. base station height 
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Fig. 9. System architecture of using 5G in smart cities ( Liao and Wang, 2018 ). The architecture is based on the solution (e.g., SESAME) from the H2020 5GCity project. It has 

four layers: application layer, orchestration layer, NFVI infrastructure layer, and NFVI layer. 
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s 30 m above terrain. The study clearly shows that different deci- 

ions and assumptions would have an impact on the performance 

nd application of the 5G network in smart cities. For instance, 

ased on all their architectural design decisions and architectural 

ssumptions, they came up with that in a normal case of using 

nly one 5MHz channel, TriCity needs 291 base stations and War- 

aw needs 707 base stations to form a 5G network (see Table 9 ). 

.3.3. Business architecture of using 5G in smart cities 

Not many studies talk the business architecture of using 5G in 

mart cities. However, we found that there are various types of 
14 
takeholders related to the usage of 5G in smart cities, such as 

overnment, company, service provider, operator, end user, and de- 

eloper. Different business architecture used in a smart city may 

ave various types of stakeholders with different roles, responsi- 

ilities, and concerns. In Marabissi et al. (2019) , the authors men- 

ioned two business architecture, i.e., the open access architecture 

nd the vertically integrated operator architecture. The open access 

rchitecture was proposed and deployed by Open Fiber in Prato. 

etwork operators (i.e., who deployed the 5G network in Prato) 

re only infrastructure providers. They offer network slices to third 
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Fig. 10. An adapted 5G network architecture in smart cities ( Paolino et al., 2019 ). The architecture has four layers: application layer, orchestration and control layer, access 

layer, and infrastructure layer. Specifically, the architecture has multiple VIMs with edge VIMs, multiple NFVIs with edge NFVIs, and an SDN based wireless virtualization 

component. 

Table 9 

Number of base stations in TriCity and Warsaw based on different configurations ( Bronk et al., 2018 ). The results are based on a set of design decisions (e.g., 700 MHz 

band and 46 dBM (40 W) transmitter power) and assumptions (e.g., the number of residents in TriCity and Warsaw in 2021 will be 749,015 and 1,798,514 respectively). 

TriCity Warsaw Warsaw (worst case) 

Channel bandwidth Base station range 

(km) 

Number of base 

stations 

Base station range 

(km) 

Number of base 

stations 

Base station range 

(km) 

Number of base 

stations 

5 MHz 0.65 291 0.5 707 0.31 1838 

10 MHz 1.03 116 0.78 291 0.47 800 

15 MHz 1.27 77 0.98 184 0.6 491 

20 MHz 1.5 55 1.15 134 0.72 341 

2 ∗15 MHz 1.86 36 1.44 86 0.89 223 

2 ∗20 MHz 2.18 26 1.69 62 1.04 164 

3 ∗15 MHz 2.33 23 1.81 54 1.12 141 

3 ∗20 MHz 2.71 17 2.12 40 1.3 105 
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arties such as virtual operators, companies, government, among 

thers. These third parties then provide services to end users. The 

ertically integrated operator architecture was proposed and de- 

loyed by Wind-Tre in L’Aquila. Network operators play both the 

nfrastructure provider role and the operator role who providing 

ervices to end users. In Benseny et al. (2019) , the authors dis- 

ussed the same question regarding business roles in a 5G smart 

ity. For example, in the analysis of the city network based on light 

oles, they identified four alternative decisions for business archi- 

ecture: (1) single mobile network operator (MNO) driven business 

rchitecture (i.e., only a single MNO has the rights to construct and 

xploit the 5G light pole network), (2) joint MNO driven business 

rchitecture (i.e., multiple MNOs have the rights to construct and 

xploit the 5G light pole network), (3) city-driven business archi- 

ecture (i.e., the city creates an operator company to construct and 

xploit the 5G light pole network), and (4) power company driven 

usiness architecture (i.e., only a single power company has the 

ights to construct and exploit the 5G light pole network). Different 

lternatives would bring different design of the business architec- 

ure. As an example, Fig. 11 shows the single MNO driven business 

rchitecture. 

.4. 5G-related technologies used in/with smart city components 

This section reports the results of RQ3. We note that there are 

ifferent classifications regarding whether a technology is smart 
15 
ity component or 5G component. Based on the 5G literature (e.g., 

giwal et al., 2016; Gupta and Jha, 2015; Patil et al., 2012; Yadav 

nd Singh, 2018 ), in this study, we considered AI, IoT, big data, 

loud computing, and block chain as smart city components in- 

tead of 5G-related technologies. The reason is that these technolo- 

ies are usually not used in but with a 5G network in smart cities. 

or example, some studies use AI for object detection with a 5G 

etwork in a city transportation system. The most mentioned 5G- 

elated technologies are radio access technologies (17 studies out 

f 30, 56.7%), network slicing (13 studies out of 30, 43.3%), and 

dge computing (10 studies out of 30, 33.3%). These technologies 

an also be interconnected with each other in a 5G network. De- 

ails of the three types of 5G-related technologies are provided as 

ollows. 

.4.1. Radio access 

Radio access technologies include a set of different focuses, for 

xample, resource control, base station grouping, energy consump- 

ion scheme, small cells and antenna design. We provide three ex- 

mples as follows. In Han et al. (2017) , the authors proposed a cell- 

ess 5G network. In the network, they used a novel radio access 

echnology: for uplinks, devices broadcast and nearby base stations 

eceive the data and forward the data to the SDN cloud for pro- 

essing (e.g., decoding); for downlinks, the SDN cloud makes a de- 

ision regarding which one or several base stations should trans- 

it the data to the devices based on location and channel sta- 
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Fig. 11. Single MNO driven business architecture ( Benseny et al., 2019 ). The context of the architecture is lighting management. The architecture shows the case of single 

MNO that only a single MNO has the rights to construct and exploit the 5G light pole network in smart cities. 
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us of the devices. In Habbal et al. (2019) , the authors proposed 

 context-aware radio access technology. The idea is that a 5G net- 

ork would be heterogeneous, i.e., including different radio access 

echnologies, and therefore, the 5G network should be aware of the 

ontext of each radio access technology (e.g., suitability) as well 

s user equipment (e.g., movement). Context management in the 

tudies includes context sensing (i.e., gather context information 

rom both devices and network), context aggregation (i.e., aggre- 

ating data from multiple dimensions), context processing (pro- 

essing the aggregated data to form a context based on a set of 

riteria), and context storing (i.e., storing context information in 

 repository). In Sharif et al. (2019) , the authors proposed an an- 

enna design technology for base stations in a parking scenario of 

mart cities. The antenna has enhanced directivity and narrower 

eamwidth, providing a bandwidth ranging from 6GHz to 7.25 GHz 

ith 7 dB gain and 110 degrees of half-power beamwidth. In the 

arking scenario of smart cities, the antenna can be used to im- 

rove the real-time location accuracy, which is especially useful for 

utonomous cars’ parking. 

.4.2. Network slicing 

5G network slicing divides a physical 5G network infrastructure 

nto various virtualized and independent logical units. Each slice 

s an end to end network serving for a specific scenario, running 

y one or more virtual network operators. NFV and SDN are the 

ost critical technologies to realize network slicing. We provide 

hree examples as follows. In Marabissi et al. (2019) , the authors 

eveloped a 5G system, composed of three layers, i.e., physical in- 

rastructure layer, network function layer, and service layer. In the 

econd layer, the system has two planes, i.e., user plane and con- 

rol plane. Network functions are configured both in the user plane 

nd control plane for each slice. Then based on the configuration 
16 
f each slide, the third layer provide different services. They also 

efined key performance indicators for the planes (e.g., time to 

witch from an idle or inactive state to an active state should be 

ess than 20 ms for the uRLLC and eMBB scenario). In Storck and 

uarte-Figueiredo (2019) , the authors designed a 5G core, which 

sed SDN and virtualization technologies. The design separated the 

ata plane from the control plane. Through using NFV and SDN, 

he 5G network can provide specific virtual networks with dif- 

erent services based on the same physical infrastructure. In Wu 

t al. (2019) , the authors also presented a network slicing based 

G core network connecting with heterogeneous networks. They 

pecifically used Multiprotocol Label Switching (MPLS) in network 

licing. Therefore, the core network has customer edge routers (i.e., 

onnecting with heterogeneous networks), provider edge routers 

acting as interfaces between heterogeneous networks and optical 

ore), and provider routers (forwarding data traffic from customer 

dge routers and provider edge routers). 

.4.3. Edge computing 

Edge computing is also an important technology identified from 

he studies. The terms could be various (e.g., mobile edge comput- 

ng and multi-access edge computing). Though many studies claim 

hat edge computing is part of their architecture, we did not get 

uch details of this technology, i.e., how exactly edge computing 

as used in the 5G network in smart cities. We provide three ex- 

mples as follows. In Liao and Wang (2018) , the idea is to deploy

pplications closer to 5G users, in order to reduce data congestion 

f the 5G network and provide better services. The system used 

vailable resources at the RAN side to deploy the edge comput- 

ng components. In Paolino et al. (2019) , the authors proposed a 

ovel component named edge VIM and edge NFVI. A specific char- 

cteristic of the proposed edge VIM and edge NFVI is that they 



C. Yang, P. Liang, L. Fu et al. Intelligent Systems with Applications 14 (2022) 20 0 065 

c

A

r

a

(

p

n

N

t

4

t

c

n

4

b

L

n

e

(

(

w

d

c

b

w  

t

(

r

i

m

c

v

e

n

a

T

t

4

t

C

r

t

b

a

p

i  

a

s

t

f

s

c  

w  

U

i  

r

l

4

o

s

c

t

f

a

v

t

m

f

t

e

w

t

o

u

a

b

s

w

l

4

5

5

c

t

s

c

b

t

q

I

l

s

i

t

a

l

o

p

l

4

w

s

t

r

c

(

w

i

c

a

T

c

s

m

(

5

an be used to support trust computing for devices based on an 

RM architecture. Through providing a virtualization-based secu- 

ity and trust infrastructure, the system supports functions such 

s authentication, asset tagging, and secure storage. In Raj et al. 

2018) , the authors used edge computing to address data traffic 

roblems and reduce end-to-end latency in the smart mall sce- 

ario of smart cities. They also merged edge computing with the 

FV technology, which can provide high bandwidth and low la- 

ency, enhance resource usage, and deploy automatic services. 

.5. Challenges (problems) of using 5G in smart cities 

This section reports the results of RQ4. We identified four 

ypes of challenges of using 5G in smart cities: complex context, 

hallenging requirements, 5G network development, and miscella- 

eous. 

.5.1. Complex context of using 5G in smart cities 

The context of using 5G in smart cities are complex, which 

rings many challenges. We provide three examples as follows. In 

ynggaard and Skouby (2015) , the authors stated that 5G would 

ot be alone in smart cities, but more like a component in het- 

rogeneous networks, cooperated working with other components 

e.g., IoT, Wifi, and 2G/3G/4G). How the heterogeneous networks 

including 5G) work in smart cities is a challenge. Moreover, there 

ould be many devices deployed everywhere in a smart city. These 

evices can generate massive data that needs to be stored and pro- 

essed through the heterogeneous networks. Finally, there would 

e, for example, many walls in a smart city, and penetration of 

alls is a challenge when using 5G. In Vo et al. (2018) , the au-

hors mentioned that the integration of wireless sensor networks 

WSNs) into the 5G network in smart cities is difficult. One major 

eason is because of the nature of WSNs, i.e., vast diversity. Nodes 

n WSNs can be extremely heterogeneous. Energy cost for trans- 

ission and data delivery capacity performance are other con- 

erns. They pointed out the problem regarding huge number of de- 

ices and the generated data make the network congested. In Wu 

t al. (2019) , the authors mentioned that data traffic in heteroge- 

eous networks of smart cities is dynamic, because the interaction 

mong heterogeneous networks could fluctuate for many reasons. 

herefore, managing resources efficiently in such a dynamic con- 

ext is challenging. 

.5.2. Challenging requirements of using 5G in smart cities 

Though 5G is designed to meet a set of requirements, some of 

hem are challenging. We provide three examples as follows. In 

ondoluci et al. (2015) , the authors discussed the concerns of secu- 

ity of using 5G in smart cities. A 5G network can include various 

ypes of stakeholders (e.g., network operators and third parties) 

ased on different business modes. When using technologies such 

s network slicing, data are stored and shared through the same 

hysical infrastructure. Therefore, it needs careful thinking regard- 

ng security in such a system. In Paolino et al. (2019) , though the

uthors agreed that security is important in smart cities and per- 

onal data needs to be well protected, they also mentioned that 

he added benefits of security come at the price of lower the per- 

ormance of the system. For many requirements of using 5G in 

mart cities, usually there is a balance to make based on pros and 

ons. In Qi et al. (2019) , the authors designed a UAV-based 5G net-

ork for smart cities. They used a leader UAV and a set of normal

AVs with base stations to form a hierarchical 5G network includ- 

ng the area of the sky. In this specific context, there is a challenge

egarding the battery of the UAVs. Without a reasonable battery 

ife, the UAV-based system will not work properly. 
17 
.5.3. 5G network development in smart cities 

Considering the complex context and challenging requirements 

f using 5G in smart cities, 5G network development is difficult, 

uch as design and implementation of 5G-related technologies, in- 

luding network slicing, radio access, deployment scheme, archi- 

ecture, interference, and handover. We provide three examples as 

ollows. In Storck and Duarte-Figueiredo (2019) , the authors an- 

lyzed the design of a 5G project named Novel Radio Multiser- 

ice Adaptive project (NORMA). They mentioned that some infras- 

ructure in the network may contain components that used by 

ultiple network slices and do not support virtualization. Even 

or the components that support virtualization, the virtualization 

echnology used is far from maturity to allow NFV. In Marabissi 

t al. (2019) , the authors claimed that efficiently managing net- 

ork slices is challenging. This includes efficient resource alloca- 

ion, virtualizing and dividing the RAN into different slices, among 

thers. In Condoluci et al. (2015) , the authors mentioned that it is 

nclear how existing SDN controllers of a 5G network perform in 

 wide area (e.g., a smart city). In other words, with a huge num- 

er of devices, load of data, and simultaneously connections in a 

mart city, how to use 5G-related technologies (e.g., SDN) to deal 

ith, for example, scalability of the 5G network, 5G network over- 

oading, and 5G network congestion, is a critical challenge. 

.5.4. Miscellaneous 

We also found some other types of challenges regarding using 

G in smart cities. Examples are lack of tools, cooperation between 

G and other technologies (e.g., AI, IoT, and cloud computing), un- 

ertainties with assumptions, and poor infrastructure. We provide 

hree examples as follows. In Condoluci et al. (2015) , the authors 

tated that though IoT devices are one major type of smart city 

omponents, using 5G for the communications of IoT devices could 

e challenging. For instance, 5G should be able to deal with the 

ransmission of limited data (e.g., few bytes) in an efficient way, re- 

uiring new protocol interfaces in the SDN/NFV based architecture. 

n Rusti et al. (2018) , the authors pointed out that the main chal- 

enge is the lack of networking and computational infrastructure to 

upport industry vertical requirements through using network slic- 

ng. In Gholampooryazdi et al. (2017) , the authors mentioned that 

here are many uncertainties regarding for example technologies, 

pplications, services, and stakeholders related to having 5G smart 

ight poles in cities. An example of such uncertainties is about who 

wns and operates the platforms and services of 5G smart light 

oles. The uncertainties drive many assumptions, which can chal- 

enge the decision making process of using 5G in smart cities. 

.6. Lessons learned from using 5G in smart cities 

This section reports the results of RQ5. For the lessons learned, 

e note that they are regarding the experience of 5G usage in 

mart cities based on evaluations, instead of experience about how 

o conduct evaluations. 22 studies (out of 32, 68.8%) report benefits 

egarding 5G itself or their proposed 5G-related methods in smart 

ities. We provide three examples as follows. In Okumura et al. 

2018) , the authors confirmed that in the public safety scenario 

ith surveillance cameras, using 5G can increase video frame rate, 

n order to increase face recognition frequency up to six times, 

ompared to using 4G. In Han et al. (2017) , the authors proposed 

 5G converged cell-less communication method for smart cities. 

hey claimed that based on the simulation results, their method 

an improve the coverage probability and energy saving at base 

tations as well as mobile devices, which can fulfill the require- 

ents of coverage and data rate in smart cities. In Oproiu et al. 

2018) , the authors mentioned that based on their design for the 

G lighting management scenario in smart cities, it addresses three 
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ajor functions that the existing lighting system is not able (or dif- 

cult) to fulfill: real-time and remote control with high security of 

ight poles, efficient energy management, and proactively malfunc- 

ion identification. 

14 studies (out of 32, 43.8%) present lessons learned regard- 

ng 5G-related technologies or requirements on the technologies. 

e provide three examples as follows. In Qi et al. (2019) , the au-

hors proposed a method including a leader UAV and a set of nor- 

al UAVs with base stations to form a hierarchical 5G network 

ncluding the area of the sky for smart cities. The authors stated 

hat if the flight trajectory of the leader UAV can be analyzed by 

ase stations, the beamforming can be more precise, in order to 

mprove data rate of the UAV-based 5G network. In Bronk et al. 

2018) , the authors concluded that there are different configura- 

ions of using 700 MHz 5G network that can work in both TriCity 

nd Warsaw. An extreme example could be to use three aggregated 

0 MHz channels. In this circumstance, TriCity needs 17 base sta- 

ions and Warsaw needs 40 base stations. In Oproiu et al. (2017) , 

he authors concluded that a 5G smart city lighting system should 

ulfill the following requirements: low bandwidth needs, low delay, 

ast deployment, large number of devices and sensors with massive 

ommunications, among others. 

There are other types of lessons learned (8 studies out of 32, 

5.0%) regarding for example cost, business, stakeholders, and co- 

peration of using 5G in smart cities. We provide three examples 

s follows. In Karadimce and Marina (2018) , the authors mentioned 

hat the future smart cities depend not only on the 5G infrastruc- 

ure, but also the availability and quality of information sharing 

nd social interaction. In Rao and Prasad (2018) , the authors con- 

idered that 5G would change the exiting value chains and en- 

ble new opportunities (e.g., new applications and employment) 

or smart cities. This would further lead to enhanced economic 

rowth (e.g., growth of GDP). In Schneir et al. (2019) , the authors 

alculated the cost of deploying a 5G network in the Central Lon- 

on area. The results show that the return on investment is 29% 

nd the net present value is 35 million. 

. Discussion 

This section presents the analysis of the results and the impli- 

ations for researchers and practitioners. 

.1. Analysis of the results 

According to several surveys and reviews on the 5G topic (e.g., 

giwal et al., 2016; Gupta and Jha, 2015; Patil et al., 2012; Ya- 

av and Singh, 2018 ), there are many studies concerning differ- 

nt aspects of 5G (e.g., 5G technologies and applications). How- 

ver, much less studies (i.e., 32 studies in this SMS) talk about us- 

ng 5G in smart cities, and less than 5 studies were published be- 

ore year 2017. Moreover, most of the studies identified in this SMS 

nly demonstrate using 5G in smart cities with toy examples or 

cademic studies (e.g., simulations). There are three potential rea- 

ons: (1) Though the research of 5G started from 2012, using 5G 

n smart cities is still on its early stage, and cities only launched 

ertain number of 5G trial projects. (2) Using 5G in smart cities 

s complex, including different scenarios and concerns, leading to 

arious system design and implementation. The scenarios and con- 

erns have not been comprehensively extracted and analyzed. (3) 

esearch or applications of using 5G in smart cities require various 

ypes of resources (e.g., policy, standards, stakeholders, and physi- 

al or virtual infrastructure). Coordinating these resources could be 

 large amount of endeavor. Finally, 16 studies (out of 32, 50.0%) 

nclude assumptions regarding 5G network design or smart city 

cenarios. Though certain assumptions in the studies are based on 

ther published literature or the authors claimed that they were 
18 
onfident about the validation of the assumptions they made, there 

s always a risk when the assumptions turn to be invalid in cer- 

ain context. Invalid assumptions can lead to the evidence from the 

tudies being invalid, and further make the reported design and 

mplementation of the 5G network be problematic in applications. 

We did not find any systematic classification of the scenarios 

egarding using 5G in smart cities from the studies. The main 

eason is that smart cities are complex systems and include var- 

ous types of components. Instead of looking at the whole pic- 

ure, the selected studies focus on a small part of smart cities 

e.g., transportation). Moreover, it is interesting that lighting man- 

gement received much attention than the others. Though there 

ould be many light poles in a city and it is important to make 

hese poles be connected through 5G in the future, lighting man- 

gement is a relatively small area in a smart city. One major reason 

s that the 5G Infrastructure Public Private Partnership (5G PPP) 

lays an important role in prompting the usage of the 5G-based 

ighting management in smart cities. Two projects from the 5G 

PP (i.e., MATILDA and SLICENET) contain the lighting management 

cenario, and 4 selected studies (out of 9, 44.4%) were supported 

y the two projects. Besides, another project named LuxTurrim5G 

a lighting management project) also supported 3 selected stud- 

es (out of 9, 33.3%). The results also show that 5G is related to 

any types of components in smart cities. These can also bring 

ew business opportunities and patterns. As an example, 5G is 

nly an ICT, which should work with other technologies (e.g., AI, 

oT, big data, and cloud computing) in smart city scenarios. As an- 

ther example, constructing, operating, and maintaining a 5G net- 

ork are related to various types of stakeholders and may need 

o be adapted according to the policies or strategies employed in 

ifferent cities. The identified components are different from the 

mart city components mentioned in the existing literature (e.g., 

rroub et al., 2016 and Chamoso et al., 2018 ). The reasons are that: 

1) The SMS and the existing literature have different scope (i.e., 

e focused on only using 5G in smart cities); (2) we used the Con- 

tant Comparison method to analyze the selected studies, and the 

omponent types were generated during the comparison process 

ince we did not predefine any type of the components. 

There are three types of architecture proposed and/or discussed 

y the studies, i.e., smart city architecture (treating 5G as a com- 

onent), 5G network architecture in smart cities, and business ar- 

hitecture of using 5G in smart cities. For the first type, the dif- 

erences among the architecture are more regarding the specific 

mart city scenarios. In other words, 5G is considered as an ICT 

omponent used in one or more smart city scenarios for commu- 

ication purposes. Details of the 5G network itself are usually ab- 

tract or unknown. For the second type, the results are consistent 

ith other 5G-related studies. For example, there are discussions 

n the studies regarding using CU and DU instead of the traditional 

BU. Also we found many other architectural design decisions (e.g., 

hether to use the C-RAN architecture, which band to choose, and 

he height of a macro base station) that have to be made when 

esigning and implementing a 5G network in smart cities. Though 

e believe that managing such architectural design decisions are 

mportant for the success of using 5G in smart cities, the decisions 

re usually scattered in the studies and have not been systemati- 

ally studied. Finally, not many studies talk about the business ar- 

hitecture, but the studies mention various types of stakeholders 

f using 5G in smart cities. The reason is that when proposing a 

ethod in the context of using 5G in smart cities, stakeholders are 

sually an important part of the method. Another reason is that 

G is still on its early stage, and therefore, there are many uncer- 

ainties regarding the business component. 

Radio access, network slicing, and edge computing are the most 

iscussed 5G-related technologies in smart city scenarios. This is 

onsistent with the results in existing 5G-related studies. However, 
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ost of the studies lack details regarding, for example, how to cut 

 5G network into slices or how to virtualize 5G network com- 

onents. One reason is that such technologies are assumed to be 

ommon knowledge. Moreover, we did not get much data regard- 

ng the physical layer and MAC layer of a 5G network (e.g., mm- 

ave, beamforming, antenna, MAC protocols, modulation, and cod- 

ng) from the studies. The main reason is that the topic of the SMS 

s about using 5G in smart cities instead of 5G itself. The focus of 

he studies is more related to the application level. 

We identified four types of challenges of using 5G in smart 

ities: complex context, challenging requirements, 5G network de- 

elopment, and miscellaneous. The major reason is that 5G is an 

ngoing technology. Especially regarding the usage of 5G in smart 

ities, there are many related scenarios, components (e.g., tech- 

ologies, infrastructure, policy, and business patterns), and uncer- 

ainties that need to be considered. We believe that it needs more 

ime to think, design, construct, and maintain 5G networks in 

mart cities. 

Most of the identified lessons learned are the benefits of 5G it- 

elf or the proposed 5G-related methods in smart cities. There is 

 lack of lessons learned from industrial experience on this topic. 

he main reason is that the majority of the studies (30 studies out 

f 32, 93.8%) only have demonstration, provide toy examples, or 

se academic studies, instead of having industrial studies or indus- 

rial practice. 

.2. Implications for researchers and practitioners 

The implications for researchers and practitioners are summa- 

ized as follows. 

(1) On the one hand, smart city is one of the most important 

pplications in the 5G era. On the other hand, there are only 32 

tudies identified and selected from the time period between Jan- 

ary 2012 and December 2019 on using 5G in smart cities. Most of 

he studies only focus on a small part of this topic and do not have

ndustrial evidence (i.e., Level 5 or 6). Researchers are encouraged 

o design and conduct more empirical studies (e.g., case studies, 

xperiments, and surveys) with practitioners on the topic of using 

G in smart cities. 

(2) Implicit and invalid assumptions may cause problems. Re- 

earchers are encouraged to make all their assumptions (or at least 

ritical ones) explicit and consider more carefully whether their as- 

umptions would turn to be invalid in certain circumstances. 

(3) Not every scenario of using 5G in smart cities received the 

ame attention from the studies. We also did not see a system- 

tic classification of scenarios. It is valuable to first identify what 

cenarios are when using 5G in smart cities and then analyze for 

xample their impacts and importance. This will help researchers 

o get a better understanding of the topic. Moreover, the mapping 

rom a smart city scenario to a 5G pattern (i.e., eMBB, mMTC, and 

RLLC) is not always clear mentioned in the studies. We suggest 

hat researchers should make this mapping more explicit. 

(4) Though we identified six types of smart city components re- 

ated to 5G, the relationships between scenarios, smart city com- 

onents, and 5G architecture and technologies in the 5G-enabled 

mart city system are not well studied, which needs further inves- 

igation. 

(5) The first type of the identified architecture (i.e., smart city 

rchitecture) is more like background (or concept) with limited in- 

ormation. Moreover, certain 5G technologies (e.g., edge comput- 

ng) are usually presented without enough details (i.e., assuming 

hat they are common knowledge). This may impede researchers 

nd practitioners to reproduce the results of the study or take the 

roposed architecture and technologies in practice. 

(6) Lessons learned are important to help researchers and prac- 

itioners to successfully use 5G in smart cities. Not only positive 
19 
esults are needed, negative results could be more valuable since 

hey can help to avoid potential problems. Researchers and practi- 

ioners are encouraged to share their experience on both positive 

nd negative side of using 5G in smart cities. 

(7) Though some cities started 5G trial projects, overall it is 

ar from mature. At the current stage, with the consideration of 

ncomplete city infrastructure, immature 5G-related technologies, 

omplex context, among others, using 5G in smart cities has many 

nknowns and needs a long way to evolve. Practitioners are en- 

ouraged to be actively involved in the 5G development and eval- 

ation processes. 

(8) 5G is never separate in smart cities, but it is closely related 

o many other types of smart city components (e.g., stakeholders, 

ity infrastructure, and business patterns). When deploying a 5G 

etwork in a smart city scenario, practitioners need to identify the 

elated components as well as their relationships and impacts, in 

rder to make reasonable decisions. 

(9) Though there are certain findings (e.g., the proposed meth- 

ds) of using 5G in smart cities, they do not come for free, but 

re usually constrained by specific context (e.g., with assumptions). 

efore taking any existing finding to practice, practitioners need to 

arefully consider whether the findings match their specific con- 

ext. 

. Conclusions 

In this work, we conducted an SMS that covers literature pub- 

ished between January 2012 and December 2019 on using 5G in 

mart cities. We conclude the SMS as follows. (1) We finally got 32 

elected studies, which are distributed over 27 publication venues, 

ontaining 17 conferences (out of 27, 63.0%), 9 journals (out of 27, 

3.3%), and 1 book (out of 27, 3.7%). 17 studies (out of 32, 53.1%) 

eport results based on academic studies and 13 studies (out of 32, 

0.6%) use demonstration or toy examples. Only 2 studies (out of 

2, 6.3%) report using 5G in smart cities based on industrial stud- 

es. 16 studies (out of 32, 50.0%) include assumptions of 5G net- 

ork design or smart city scenarios. (2) The most discussed smart 

ity scenario is transportation, followed by public safety, health- 

are, city tourism, entertainment, and education. (3) 28 studies 

out of 32, 87.5%) propose and/or discuss the architecture of 5G- 

nabled smart cities, containing smart city architecture (treating 

G as a component), 5G network architecture in smart cities, and 

usiness architecture of using 5G in smart cities. (4) The most 

entioned 5G-related technologies are radio access technologies 

17 studies out of 30, 56.7%), network slicing (13 studies out of 

0, 43.3%), and edge computing (10 studies out of 30, 33.3%). (5) 

he challenges are mainly about complex context, challenging re- 

uirements, and network development of using 5G in smart cities. 

6) Most of the lessons learned identified are benefits regarding 5G 

tself or the proposed 5G-related methods in smart cities. 

This is the first systematic analysis that specifically focuses on 

he topic of using 5G in smart cities. Most of the studies identi- 

ed in this SMS only demonstrate using 5G in smart cities with 

oy examples or academic studies (e.g., simulations). The context 

f using 5G in smart cities is rather complex and certain require- 

ents are difficult to fulfill, leading to that the development of 5G 

n smart cities is usually case by case (i.e., lacking of generaliza- 

ion) and there are many technical, management, and social un- 

ertainties and problems emerging in practice. Moreover, though 

here are various policies by different governments and white pa- 

ers by different companies or other organizations in the field of 

G, they are usually abstract and not specific for smart cities, i.e., 

e cannot actually use them to design and implement the 5G net- 

ork in a smart city. We still need more industrial studies of us- 

ng 5G in smart cities, in order to collect more data from different 

ases, and further analyze the architecture, design, and even busi- 
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ess patterns from the data. Besides the descriptions and discus- 

ions presented in Section 4 and Section 5, there are many other 

nteresting areas of using 5G, e.g., D2D communications, virtual re- 

lity, augmented reality, smart industry, and smart grid. These ar- 

as are also under development, which need further research. 
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ppendix A. Terms and their abbreviations 

AAU: Active Antenna Unit 

AI: Artificial Intelligence 

BBU: Baseband Unit 

C-RAN: Cloud Radio Access Network 

CU: Centralized Unit 

D-RAN: Distributed Radio Access Network 

DU: Distributed Unit 

D2D: Device to Device eMBB: enhanced Mobile Broadband 

ICTs: Information and Communication Technologies 

IoT: Internet of Things 
Table B.1 

Sources of the studies on using 5G in smart cities. The 32 studies are publ

63.0%), 9 journals (out of 27, 33.3%), and 1 book (out of 27, 3.7%). 

Venue 

IEEE Communications Magazine 

Wireless Personal Communications 

IEEE Access 

Smart Cities & Information and Communication Technology (CTTE-FITCE

International Conference on Communications (COMM) 

Wireless Communications and Mobile Computing 

NTT Technical Review 

IEEE Network 

Journal of Network and Computer Applications 

Future Internet 

Telecommunications Policy 

IEEE 5G World Forum (5GWF) 

International Conference on Developments in Systems Engineering (DeS

Telecommunication Forum (TELFOR) 

International Conference on Innovations for Community Services (I4CS) 

IFIP/IEEE Symposium on Integrated Network Management (IM) 

International Conference on Computational Intelligence and Computing 

AEIT International Annual Conference 

Joint CTTE and CMI Conference on Internet of Things Business Models, U

Engineering Software Systems: Research and Praxis 

International Conference on Contemporary Computing and Informatics (

International Congress on Ultra Modern Telecommunications and Contro

International Internet of Things Summit 

Baltic URSI Symposium (URSI) 

IEEE Latin-American Conference on Communications (LATINCOM) 

International Conference on Computational Science and Computational 

Handbook of Smart Cities 

20 
MIMO: Multiple Input Multiple Output mm-wave: millimeter 

ave mMTC: massive Machine Type Communications 

MNO: Mobile Network Operator 

MPLS: Multiprotocol Label Switching 

M2M: Machine to Machine 

NFV: Network Functions Virtualization 

NSA: Non-standalone 

OFDM: Orthogonal Frequency Division Multiplexing 

RQ: Research Question 

RRH: Remote Radio Head 

RRU: Remote Radio Unit 

SA: Standalone 

SDN: Software Defined Network 

SLR: Systematic Literature Review 

SMS: Systematic Mapping Study 

UAV: Unmanned Aerial Vehicle uRLLC: ultra-Reliable and Low- 

atency Communications 

VIM: Virtualized Infrastructure Manager 

VNF: Virtualized Network Function 

V2I: Vehicle to Infrastructure Communication 

V2P: Vehicle to Pedestrian Communication 

V2V: Vehicle to Vehicle Communication 

V2X: Vehicle to Everything 

WSN: Wireless Sensor Network 

ppendix B. Study results 
ished in 27 publication venues, containing 17 conferences (out of 27, 

Type Number (%) 

Journal 2 (6.3%) 

Journal 2 (6.3%) 

Journal 2 (6.3%) 

) Conference 2 (6.3%) 

Conference 2 (6.3%) 

Journal 1 (3.1%) 

Journal 1 (3.1%) 

Journal 1 (3.1%) 

Journal 1 (3.1%) 

Journal 1 (3.1%) 

Journal 1 (3.1%) 

Conference 1 (3.1%) 

E) Conference 1 (3.1%) 

Conference 1 (3.1%) 

Conference 1 (3.1%) 

Conference 1 (3.1%) 

Research (ICCIC) Conference 1 (3.1%) 

Conference 1 (3.1%) 

sers, and Networks Conference 1 (3.1%) 

Conference 1 (3.1%) 

IC3I) Conference 1 (3.1%) 

l Systems and Workshops (ICUMT) Conference 1 (3.1%) 

Conference 1 (3.1%) 

Conference 1 (3.1%) 

Conference 1 (3.1%) 

Intelligence (CSCI) Conference 1 (3.1%) 

Book 1 (3.1%) 
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Fig. B.1. Search and selection results of the studies. The numbers in the figure denote the number of studies from each phase of the study search and selection process. 
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