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Abstract 
5G mobile network technologies and scenarios with 

the associated innovations receive growing interest 

among academics and practitioners. Current literature 

on 5G technologies discusses several scenarios and 

specific chances and challenges. However, 5G 

literature is fragmented and not systematically 

reviewed. We conducted a scoping review on 5G 

applications in urban scenarios. We reviewed 1,394 

papers and identified 20 studies about urban logistics 

and emergency indoor localization. Our review 

accumulates current academic knowledge on these 

scenarios and identifies six further research directions 

in four research fields. It reveals several further 

research opportunities, e.g., regarding trust and privacy 

concerns. We review and discuss 5G literature for 

academics and practitioners, contribute towards more 

tailored 5G research and reflect on cost-efficient 5G 

applications in urban scenarios. 

 

Keywords: 5G technologies, 5G applications, scoping 

review, urban scenarios, further research agenda 

 

1. Introduction and research needs 

 
The 5G cellular network standard is a topic of 

increasing interest. The rising number of research 

projects from policy-makers, i.e., the European 

Commission (2022) reveal ongoing research on diverse 

topics like standardization or hardware innovations in 

connection to 5G, which can fuel new knowledge about 

this field in the next years. Key innovations of 5G 

include a higher data transmission rate, lower latency, 

and bigger overall capacity (Shafi et al., 2017). Besides 

that, it is planned to make 5G a highly accurate and 

widely available localization system (Dwivedi et al., 

2020). With the ongoing standardization efforts by the 

3rd Generation Partnership Project (3GPP), 5G will 

achieve increased localization accuracy with an error 

margin below one meter (Loidl, 2020). As elaborated by 

Tahat et al. (2016), 5G localization will see main 

application areas in scenarios where there is No Line of 

Sight (NLOS) to a sufficient number of satellites from 

Global Navigation Satellite Systems (GNSSs), causing 

imprecise position estimates. This condition is caused 

by obstacles being in the direct path between sender and 

receiver. Such conditions can be found indoors and in 

streets dominated by high-rise buildings ("urban 

canyons"). Here NLOS is the rule rather than the 

exception. 

Determining users' precise geolocation can enable 

location-based services, i.e., Intelligent Transport 

Systems (ITS). Amongst others, French et al. (2021) list 

emergency services, autonomous driving, and 

geographic routing as areas that profit from accurate 

wireless localization. We therefore, derived Urban 

Logistics (UL) and Emergency Indoor Localization 

(EIL) as topics of scientific interest and subsumed them 

under the term "urban scenarios." Thus, we focus on two 

specific application areas. We select the urban 

environment since 5G roll-outs occur mainly in cities 

first (C. Sun & Ghose, 2021). Ongoing improvement in 

5G localization carries a lot of potential in those urban 

scenarios and should attract scientific research. 

However, a systematic analysis of academic literature 

concerning these scenarios is missing. Our motivation is 

to analyze the utilization of ubiquitous device 

localization for innovations in public safety. 

Emergency services can, directly and indirectly, 

benefit from mission-critical localization accuracy. 

Location intelligence can increase survival rates through 

fast and clear access paths for Emergency Medical 

Service (EMS) vehicles enabled by intelligent traffic 

management (Lee et al., 2014). On-site, Laoudias et al. 

(2018) envision indoor mapping and navigation but 

could not find any application studies. They underline 

the symbiosis of 5G based location for ITS and 
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emergency services as both require centimeter accuracy 

and uninterrupted positioning. We hence systematically 

investigate the opportunities of 5G in urban scenarios. 

To do so, we state the following research question (RQ):  

RQ: What is the current state of the literature that 

addresses 5G usage in urban scenarios and which 

further research directions can be deduced? 

To answer this RQ, we conduct a scoping review 

(Arksey & O'Malley, 2005). Generally, scoping reviews 

are advantageous if the potential, extent, and nature of 

past research should be reviewed as comprehensively as 

possible (Daudt et al., 2013). A scoping review is useful 

for our research topic since new areas in the field of 5G 

in urban scenarios emerge and evolve (Schryen et al., 

2017). Our RQ examines and improves the academic 

understanding of the available literature on urban 

scenarios. We identify the extent to which these are 

already discussed and which open research paths exist 

for further research. Practitioners and policy-makers can 

use our results and findings for their applications and 

decision-making. This will enable the efficient usage, 

implementation, and funding of 5G technologies. The 

rest of the paper is structured as follows: First, we 

provide the theoretical background on 5G in urban 

scenarios. We then explain our research design and 

methods. Subsequently, our review process results will 

be presented and discussed, and a further research 

agenda for urban scenarios will be proposed. Lastly, we 

present limitations and conclusions.   
 

2. 5G in the context of urban scenarios 

 
5G innovation has three main pillars. The first is 

enhanced Mobile Broadband (eMBB) for increased data 

traffic in mobile networks, peaking at 20 Gbps 

download capacities and broad coverage in high 

mobility scenarios where users travel up to 500 km/h. 

Then, Ultra-Reliable and Low Latency Communication 

(URLLC) shall ensure a reliable network for the tactile 

internet or intelligent transport services. This pillar 

requires latencies of 1 ms and success probabilities for 

data package transmission of at least 99.999 percent. 

The third dimension is massive Machine Type 

Communication (mMTC), an umbrella term for many 

automated devices communicating at varying 

transmission rates and being constrained by energy 

consumption. The density of mMTC communication is 

assumed to range up to 1,000,000 devices/km2 (Shafi et 

al., 2017). The need for these pillars is laid out, for 

example, by Gohar & Nencioni (2021), who state for 

ITS and UL applications a data rate of up to 1000 Mbps 

(eMBB), 3ms latency, and 0.0001 percent network 

outages (URLLC) as well as the requirement to connect 

pedestrians, vehicles and roadside units (mMTC).  

For emergency services, use cases can also be 

identified that appeal to the three pillars. eMBB enables 

evacuation through Augmented Reality (AR) 

(Lovreglio, 2018). In AR applications, the real world is 

enriched with computer-generated information. In 

comparison, Virtual Reality (VR) applications display 

entirely computer-generated surroundings to the user, 

which can but must not display the real world. AR and 

VR information is generally provided on mobile devices 

(Lovreglio, 2018). Emergency services also need 

URLLC in mission-critical scenarios, as Chochliouros 

et al. (2021) pointed out. The authors also determine that 

disaster sites require a potentially sizable number of 

devices logged into the network enabled by mMTC.  

But in addition to that, Laoudias et al. (2018) 

envision that the defined urban scenarios will benefit 

from the accurate localization enabled by 5G. To date 

GNSSs are the dominant localization method for 

outdoor scenarios. Given open sky conditions, GNSSs 

reach 5 to 10 meters in accuracy and up to 5 centimeters 

if extended by real-time kinematics (Wen & Hsu, 2021). 

However, the accuracy can decrease in areas where not 

enough satellites have a direct line of sight to the user 

equipment (UE), or satellites are clustered at high 

elevation angles (Botteron et al., 2004). Urban canyons 

and indoor environments are prone to these 

circumstances. 

For example, Wen and Hsu (2021) present a novel 

algorithm for GNSS positioning. It reduces the error in 

urban canyons down to 0.64 meters with a maximum 

error of 1.70 meters. The testbed was a densely 

populated area in Hong Kong. This inaccuracy is still 

too large for the envisioned urban scenarios (Laoudias 

et al., 2018), especially considering GNSS accuracy loss 

in indoor environments (Li et al., 2020). To mitigate this 

deficit, 5G localization research receives much 

attention, for example, by del Peral-Rosado et al. 

(2018). They state road and Unmanned Aerial Vehicle 

(UAV) traffic as profiteers from localization accuracies 

below 10 cm. The authors add that localization 

techniques in 5G can build upon Ultra-Wideband 

(UWB) localization, as both use wideband signals. 

To enable these innovations, 5G utilizes, amongst 

others, two frequency ranges (FR), FR1 and FR2. FR1 

is part of the microwave spectrum around 6 GHz. At the 

same time, FR2 defines the 5G millimeter wave 

spectrum (mmWave) in the range of 20 to 90 GHz. The 

frequency bands fulfill different functions. The high 

frequencies in FR2 enable desired innovations in eMBB 

and URLLC as high bandwidths, and low latencies 

become feasible. But the short wavelength of FR2 

causes significant path loss over the air and low 

penetration rates through walls. Since this requires the 

dense deployment of 5G FR2 antennas, networks would 

be affected by receivers often switching between 
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antennas. Here, FR1 provides a network layer with 

lower path loss rates allowing for thinner distribution of 

antennas. This backbone is designed for applications 

that do not require eMBB and URLLC but consistent 

network connection, i.e., ensuring mobile calls without 

a signal loss (Al-Falahy & Alani, 2017).  

FR1 and FR2 also differ in localization capabilities. 

5G reference scenarios defined by the 3GPP consortium 

for Release 16 can reach up to 0.2-meter accuracy with 

FR2 in indoor open office spaces (20-meter inter-site 

distance (ISD)) and up to 1.5 meters with the less 

accurate FR1 in urban microcells (200 meter ISD) at a 

90 percent probability (Dwivedi et al., 2021). High 

location accuracy further enables location-based 

services. This requests emphasis on trust and privacy 

concerns. Ayuning Budi et al. (2021) showed that these 

factors significantly impact the usage of location-based 

emergency applications. Given the sensibility of 

location data and the scientific understanding of privacy 

and trust, e.g., through the privacy-calculus theory by 

Laufer and Wolfe (1977), awareness of these factors 

when focusing on urban scenarios is advisable.  

Because of this combination of the three pillars and 

accurate indoor and outdoor localization, 5G is a 

promising hardware layer for urban scenarios. 

 

3. Research design and methods 

 
To identify the current stage of the literature that 

addresses 5G usage in urban scenarios, a scoping review 

is conducted as this review and its underlying methods 

are best suited to investigate the extent, range, and 

nature of research activities (Arksey & O'Malley, 2005). 

A scoping review aims to get a meaningful overview by 

comprehensively identifying the literature. Opposed to 

other methods, i.e., a systematic review that seeks for 

empirical evaluation of interventions, scoping reviews 

investigate the state of academic interest (Daudt et al., 

2013). Hence, this review type is the most appropriate 

for our RQ, since it aims to focus on the breadth of 

research activities and to draw research gaps and 

directions from past literature (Paré et al., 2015).  
Our main motivation was to examine whether 

(explorative) research with not yet commonly available 

technologies has already been conducted, what the 

results were, and how it can attract considerable 

attention for further research, as 5G research is still 

emerging. In the review approach of Arksey and 

O'Malley (2005), the process starts with identifying the 

RQ. The RQ is defined as "What is the current state of 

the literature that addresses 5G usage in urban scenarios 

and which further research directions can be deduced?" 

Secondly, relevant studies must be identified. For a 

comprehensive analysis, four electronic databases were 

selected. Two were chosen based on the quantity of 

articles listed and two according to their topic-specific 

focus. These are namely ScienceDirect and Wiley, as 

well as IEEEXplore and AISeL. We searched these 

databases with modifications of the search string to 

obtain the literature that answers the RQ. For 5G EIL, 

the following search words were defined and entered in 

the search engines with respective substitutes: '(5G OR 

mmWave OR UWB) AND indoor AND (positioning 

OR localization OR tracking) AND (first responders OR 

emergency scenarios OR emergencies)'. In UL, the 

following keywords were used: '(5G OR mmWave) 

AND urban AND (logistics OR traffic management OR 

transport OR parking)' and a second search string '(5G 

OR mmWave) AND (urban freight delivery OR parcel 

OR drone delivery OR smart parking)'. To review the 

most recent application studies in this emerging field, 

the years 2017 to 2022 were considered for the primary 

search. To be as comprehensive as possible, this process 

was enriched by iteratively examining forward and 

backward citations, as proposed by Webster and Watson 

(2002). In this step, we allowed literature to date back 

until 2012 to incorporate relevant foundational work.  

The third stage of Arksey and O'Malley (2005) 

covers selecting relevant studies. We defined the 

boundaries of the RQ as follows: The accepted literature 

must elaborate on how 5G will be used to enable urban 

scenarios and ideally test this theory. Articles will not 

be considered in the literature review if they only 

suspect that 5G will innovate these scenarios or change 

the status quo in the future (i.e., white papers, public 

relations articles, or similar gray literature). To ensure 

this, only peer-reviewed journals and peer-reviewed 

conference contributions are considered. The 

publication must focus on the application scenarios of 

UL or EIL. Generic 5G applications in urban scenarios 

without traffic context or indoor localization not 

focusing on the requirements of an indoor emergency 

drop out of the scope. Publications are first evaluated 

based on the title and abstract. If the abstract fits, the full 

text of these articles is screened.  

To achieve reliability the suggestions from Paré et 

al. (2015) were incorporated: Inclusion and exclusion 

criteria of the studies were constantly discussed and 

observed by the first and the third author of the paper. 

Synthesized evidence for the inclusion of the studies is 

presented in the online appendix, the reason for rejection 

or acceptance is documented for each article, and can be 

found here. Upon this evaluation, a final sample of only 

full-text relevant literature is selected. This review 

process identified 1,394 articles in four iterations. From 

these, 20 relevant articles are identified that cover urban 

scenarios. This iterative process is summarized in 

Figure 1.  
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Figure 1: Overview of the review process. 

 

For the fourth stage of charting the data, Watson and 

Webster (2020) are taken as orientation for the 

descriptive-analytical framework. In this framework the 

results are displayed as a structured flow diagram of 

authors and research topics. 

In the last step of the scoping review, Arksey and 

O'Malley (2005) include summarizing and reporting the 

results. As they elaborate, a scoping review faces the 

challenge of reporting on all the information reviewed. 

After reporting on key findings, the algorithm of van 

Eck and Waltman (2010) for visualizing patterns in 

large databases is utilized to elaborate on the nature of 

ongoing research and existing gaps in the two urban 

scenarios.  

 

4. Literature review results  

 
An output of 20 papers was generated in this 

literature review. Of these, 15 originate from the search 

for UL, and the other five are from EIL. Ten of these 

publications can be associated with road traffic, seven 

are concerned with the symbiosis of 5G and UAVs, and 

the remaining three do not form a particular subgroup, 

as shown in Figure 2. 

Concerning road traffic, Liu et al. (2017) studied 5G 

for vehicle localization, traffic data processing, traffic 

prediction, and traffic light control services. The authors 

conducted a case study for rapid road accident rescue 

with remote video diagnosis, early-warning, and no-go 

areas, as well as green rescue lanes for EMS. Lauridsen 

et al. (2017) and Elayoubi et al. (2018) researched 

requirements for 5G networks to support ITS and 

autonomous driving based on shortcomings of 4G 

networks. Further foundational work is presented by 

Singh et al. (2019), who performed a survey on 5G 

direct vehicular communication. Ahmad et al. (2019) 

researched real-time route planning in urban scenarios. 

They define requirements for 5G vehicular ad hoc 

networks based on vehicle densities.  

The trend in publications for real-time route 

planning and traffic management continued with 

Oubbati et al. (2020) introducing a new method for 

dynamic vehicle path planning. Here the urban area is 

divided into segments with at least one 5G antenna, 

either provided by a Base Station (BS), UAV or both. 

Limitations are seen in the high costs of aerial and BS 

network equipment. Gohar and Nencioni (2021) discuss 

possible time savings by smoothening the traffic flow 

via traffic light management or smart parking systems. 

Anwar et al. (2021) propose real-time parking slot 

booking based on vehicle size and secure payments. 5G 

is used to overcome the latency while assigning free 

parking places and to improve the accuracy of the 

vehicle size. Mukhopadhyay and Samanta (2021) also 

describe a smart parking lot model motivated by the low 

latency and high bandwidth of 5G. Paszkiewicz et al. 

(2021) propose an urban infrastructure that uses Radio 

Frequency Identification (RFID) sensors to track the 

number of vehicles in each lane of an intersection. Real-

time traffic analysis and traffic light management is then 

enabled via 5G to improve emergency operations by 

ensuring a fast and clear path.  

In UAV-centered research, ground-based questions 

of traffic management and logistics do reappear. 

Villaluz et al. (2018) performed a case study on mobile 

networks in Singapore assessing the suitability for 

remote UAV steering and UAV traffic management. 

Complementing vehicular logistics, Tan et al. (2020) 

introduce TWIN to combine aerial and ground mobility 

for drone delivery using a Mobile Ground Support 

Station (MGSS). The MGSS brings the drones to the 

operating areas, allowing a high drone throughput and 

high service capacity. Current-day limitations of the 

system are seen in drone connectivity issues and the 

urban canyon effect on GNSSs. The authors determine 

that 5G will overcome these hurdles. Utilizing aerial 

logistic drones, Iranmanesh et al. (2021) present the 

CARLO algorithm, which aims to use these UAVs to 

provide 5G network support. Adding network provision 

to the capabilities of logistic drones shall allow for a 

better cost-to-benefit ratio. De Resende et al. (2022) 

evaluated the performance of 5G, 4G, and C-Band 

regarding UAV parcel delivery. In their results, 5G met 

the necessary requirements, while 4G did not. 

UAVs are also researched as a supporting tool for 

indoor emergency scenarios. Hunukumbure and 

Tsoukaneri (2019) made a total cost estimation for a 5G 

'on demand' emergency network provided by UAVs. 

They state as the main motivation that 5G is not readily 

available at all potential emergency sites, and ad hoc 
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networks are required to have high transmission rates 

for applications like 3D map downloads or to transmit 

and receive high-quality videos of firefighters. They 

estimated average costs of 10,000,000€ for a five-year 

program of on-demand 5G UAVs. Hunukumbure et al. 

(2020) localized UE in indoor environments by UAVs 

equipped with 5G antennas. The authors established 

several Key Performance Indicators (KPIs) that an EIL 

system should achieve. They concluded that their 

system did not meet the required performance level, 

especially since the measured vertical inaccuracy can 

imply wrong floor levels. Albanese et al. (2021) also 

researched the potential of using UAVs to locate victims 

with 5G. They additionally incorporated outdoor 

scenarios. They argue as motivation that GNSSs is too 

inaccurate or unavailable in many situations. They 

introduced "pseudo-multilateration," based on the 

moving nature of the UAV. Locating the UE from 

different angles enabled 3D position estimates with one 

node instead of four. They reached accuracies of below 

10 meters for an NLOS testbed.  

Within the remaining subgroup, additional proposals 

are made on how 5G can be utilized to improve the 

handling of indoor emergencies. Velev et al. (2018) 

point out that household Wi-Fi routers may become 5G 

transmission nodes. This can improve the network 

coverage in indoor environments. Velev et al. (2018) 

highlight that devices running AR and VR applications 

can offer additional information on-site or in training 

sessions for first responders. AR and VR are enabled by 

5G because of the high data transmission rates required. 

They also suggest 5G coverage through UAVs in 

regions that are not covered by 5G or which suffer from 

network outages in the aftermath of disasters. 

The issue of network outages after disasters was as 

well picked up by Hossain et al. (2020). They utilized 

the Device-to-Device (D2D) network capability of the 

5G standard. They argue that areas with no signal can 

then be bridged by mobile phones, and first responders 

can log into the D2D network to communicate with 

victims or to obtain the location of trapped persons. 

Hossain et al. (2020) focused on a novel rendezvous 

mechanism which could lead to improved rescue times 

for search and rescue missions.  

As the last publication of the basket, Sharif et al. 

(2020) introduced a novel 5G/UWB sensor antenna 

design for a real-time location system that can be 

implemented for positioning and smart parking services.  

 

5. Discussion, findings, and implications 

 
In the publications from the literature analysis, two 

dominant areas could be identified: road and air traffic 

research as well as UAV-based network provision. 

These emphasized the need for eMBB, URLLC, and 

precise positioning. Traffic applications were 

dominantly researched through simulation studies (i.e., 

Iranmanesh et al., 2021). In EIL tests, drones were 

expected to deliver the required 5G network coverage 

(i.e., Hunukumbure et al., (2020)). However, cost 

reductions will be required to make UAV BSs a viable 

option. We derive from these research setups that 

researchers do not expect a comprehensive 5G network 

to be realized soon. 

Hence, we broadened our literature analysis to 

investigate urban scenarios independently of 5G 

network infrastructure. This search was conducted to 

Figure 2: Authors and topics in the relevant 5G emergency indoor localization literature. 
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derive implications from other technologies for 5G 

urban scenarios and to validate our literature analysis's 

exhaustiveness. We used van Eck and Waltman's (2010) 

search result visualization technique for broader 

formulated search strings. Referring to Niknejad et al. 

(2021), the Elsevier Scopus database was consulted for 

a quantitative investigation. From the resulting 

publications, the abstract and title were extracted to 

form word clouds based on context and number of word 

appearances. The search string 'indoor localization' for 

the years 2017 to 2022 was entered into Scopus for EIL. 

For UL, our process was the same except for entering 

the search string '(smart city AND (logistics OR traffic 

management OR transport OR parking)).' For the first 

search, 4,110 results were generated, and for the second, 

3,581. The visualization was conducted for the 100 most 

relevant terms that appeared at least 100 times. Different 

colors emphasize subgroups of words that often appear 

together or were found to focus on the same topic. 

Part (a) of Figure 3 shows EIL results. The algorithm 

Figure 3: Word clouds of abstracts from Scopus from 2020 onwards for (a) indoor localization (b) for 
urban logistics. The word clouds can also be inspected here. 

(a)

(b)
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evaluated the clusters as overlapping. The red cluster 

covers introductory terms, green and blue different 

measurement terms, and the used signal type is 

predominantly marked in yellow. The identified 

localization technologies are: "wireless sensor 

network," "uwb," "rfid," "global positioning system," 

and "gps," "imu," "bluetooth low energy," as well as 

"wifi" but missing 5G. “Smartphone" could indicate 5G 

usage, but smartphones have diverse methods for 

localization, i.e., IMU-based localization (M. Sun et al., 

2022). Hence a direct connection to 5G is not given. For 

5G-based localization, keywords like "5G", 

"mmWave," or "New Radio" would be expected in this 

visualization of important keywords. 

For logistics, Figure 3 (b) displays the relevant 

keywords. Four clusters exist with three dominant ones, 

showing distinct separation between the topics. The red 

cluster indicates theories about anticipated 

developments, the green cluster merges research on IoT, 

and the smaller blue cluster focuses on traffic topics, 

with the yellow points covering public transport. Terms 

discussed in the previous articles reappear, i.e., "traffic 

management," and "parking." Notably, "life" has a 

minor relationship to "traffic congestion." This can 

indicate the threat of non-organized traffic for EMS, 

which ITSs can improve. Moreover, there are bullet 

points connecting "IoT", "sensor", "internet" and 

"cloud". Combined with nodes that are enabled by 5G, 

like "real-time" and "machine learning" or "smart" 

applications, there is some indication for 5G, but again, 

directly associated nodes are missing. We hence argue 

that digitized UL are investigated under IoT and Smart 

City. In contrast, the used network is predominantly left 

out of scope. 

As the investigated word clouds from publications 

found in Scopus do not show a resilient connection to 

the term 5G or its substitutes, we conclude that the 

search strings were not misleading nor too narrow in 

their scope to detect relevant 5G literature about urban 

scenarios. Secondly, for UL the topics found in the word 

cloud overlap with the identified articles from the results 

section. For EIL, differing technologies were identified 

that could provide a foundation for 5G based 

localization research.  

Therefore, we extended the already performed 

review by one iteration of 339 additional articles with 

different hardware setups for EIL. From this search, 13 

papers were considered relevant based on full text. Case 

studies with different hardware dominate, but either lack 

the precision defined by Hunukumbure et al. (2020) or 

require pre-installed hardware, rendering them 

unqualified for public safety scenarios (i.e., O'Flynn et 

al. (2018)). Other work that was identified concerns 

decision support and visualization tools for emergency 

personnel (Feng et al., 2021; Mahdaviparsa et al., 2021).  

From the aggregated 33 publications, we deduce six 

Further Research Directions (FRDs 1-6) for researchers, 

as the influence of 5G on urban scenarios is, to date, 

restricted. The FRDs are summarized in Table 1. As a 

first FRD (FRD 1), we propose to systematically 

investigate the requirements literature about urban 

scenarios presented throughout this paper. We analyzed 

that 5G urban scenario research can build upon literature 

from other technologies like 4G to set requirements and 

develop cost-efficient applications. For example, urban 

scenarios likely do not require the maximum capacities 

of the eMBB pillar. A design science research approach 

(Hevner et al., 2004) can be a promising method to 

utilize the knowledge from other technologies 

mentioned in the word clouds and articles to bring the 

research domain of 5G enabled urban scenarios forward.  

Hunukumbure et al. (2020) underlined the current-

day major shortcoming of 5G highlighted throughout 

the literature analysis: the localization capabilities are 

Topics Results based on literature 

review

Further Research Directions (FRD)

Research 

Design

Scoping review detects small 

basket of relevant literature.

FRD 1: Comprehensive review of maturity of differing technologies to set requirements for 5G 

indoor emergency localization.

FRD 2: Review of grey literature with regard to ongoing urban logistics and emergency indoor 

localization research projects.

Urban 

Scenarios

Trust and privacy concerns for 

users and general public receives 

little attention.

FRD 3: Incorporate theories and concepts for trust generation and privacy regulations to increase the 

value added of applications by users willingness to interact with them.

Localization accuracy is not 

sufficient for mission critical 

scenarios yet.

FRD 4: Develop mature applications beyond proof-of-concept utilizing market roll-out of 3GPP Rel. 

16 and Rel. 17 compliant hardware for indoor emergencies, UAV and intersection traffic management 

or autonomous rescue path clearance.

5G has received little attention in 

customer orientated platform use 

cases

FRD 5: Evaluate and test the combination of high data transmission rates with low latency for real 

time emergency management applications.

FRD 6: Implement and test open access urban logistics platforms to manage parking lots for 

deliveries and other properties. 

Table 1: Further research directions based on literature findings.  
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not yet mature enough to offer added value for high 

accuracy location-based services. This is not only a 

prerequisite for indoor localization but also for 

autonomous vehicles and traffic management (Laoudias 

et al., 2018). Today 5G does not outperform GNSSs in 

urban canyons or existing technologies for indoor 

scenarios. From the roll-out of 3GPP Release 17 

onwards, mission-critical positioning accuracy will 

become commonly available (Loidl, 2020). This 

requirement is needed to enable urban scenarios, 

showing the importance of the positioning feature in 5G. 

Practitioners should promote research into 5G 

localization. Hence, ongoing public and private research 

projects should be monitored to accumulate new 

findings in this research direction (FRD 2). 

Besides the technological aspects mentioned in these 

papers, it is not possible, based on our findings, to open 

a discussion about trust and privacy regulations in these 

applications. The main question on how to integrate the 

general public is unanswered. Albanese et al. (2021) 

stress that their algorithm requires access to cellular 

networks and data about smartphones last logged into a 

disaster-struck network cell. D2D communication, as 

elaborated in Hossain et al. (2020), needs trust and 

technology acceptance from smartphone owners. 

Building acceptance from citizens through trust could 

pave the way to display their current position in 

emergency virtual platforms. For logistics, in the sense 

of Smart Cities and ITS, the willingness of vehicle 

drivers to share their location data and the ambition of 

the public sector for digitalization will play a significant 

role and requires trust in new technologies. Hence, when 

researching applications for urban scenarios, privacy 

and trust must receive more attention (FRD 3). Since 

these technologies enable the transfer of vulnerable 

personal location data to government authorities, there 

should be a well-defined legal basis under which 

systems can operate. In the second section of this paper, 

emphasis on privacy and trust was stressed. Through the 

scoping review, we assess that further research should 

advance the academic understanding of privacy and 

trust about 5G by applying the existing theory or 

conceptualizing a "5G privacy-calculus perspective". 

Even in the broader literature evaluated for the 

discussion, localization-enabled systems for urban 

scenarios have not exceeded the proof-of-concept stage. 

With 5G, the cost-benefit ratio can improve so much 

that a region-wide roll-out of these applications 

becomes feasible (FRD 4). Here the submeter accuracy 

of 3GPP Release 17 will play a vital role: field tests with 

a significant number of observations could, in detail, 

evaluate if urban scenarios work. 5G has key advantages 

over other localization technologies in its high 

precision, and no additional hardware is required on-

site. In further research, it can be determined if such a 

system can save lives. Traffic research points towards 

improved vehicle flow and decreasing arrival times for 

EMS. We imagine the extension of intelligent parking 

to roadsides, where an algorithm orchestrates vehicles, 

potentially autonomous, to leave their parking spot if 

needed for emergency operations. In the case of UAVs 

for delivery usage, 5G seems to be the key enabler, as 

de Resende et al. (2022) show in their work. Concepts 

for managing multiple UAVs are expected to be 

translated to 5G networks. Furthermore, maintenance-

heavy hardware solutions in ITS, like RFID sensors in 

every lane (Paszkiewicz et al., 2021), will be replaced 

by exact 5G positioning. A 5G solution also reflects 

rising resource scarcity and the importance of 

sustainable solutions.  

Further research directions can be derived from the 

extended basket in displaying emergency personnel in 

graphical user interfaces i.e., Feng et al. (2021) and 

Mahdaviparsa and McCuen (2021) who tested decision 

support and visualization tools like digital building 

twins. (FRD 5). A customer-oriented interface can also 

offer services in UL: parking space management and 

time slot booking of delivery zones through open-access 

logistic software can enable fast and reliable deliveries 

for logistic companies without blocking streets required 

by EMS vehicles (FRD 6). 5G can be used here to 

synthesize localization technologies and high data 

transfer rates to provide real-time, potentially cloud-

based applications to increase efficiency in managing 

public spaces and protecting lives. 
Combining the literature identified in this work with 

further work under FRD 1 will enable practitioners to 

faster deploy 5G networks suitable for urban scenarios, 

thus enabling the marketability of applications 

suggested under FRD 2, putting an eye on the roll-out to 

larger customer groups and research about added value 

(FRD 4). Marketability incorporates end-user focus, 

where FRD 3 will play a vital role in gaining customer 

support for applications. Ultimately, we recommend 

that stakeholders of urban scenarios use a high degree of 

virtualization enabled by 5G, like digital city twins 

(FRD 5 and FRD 6).  

 

6. Limitations of the scoping review and 

conclusions 

 
Location intelligence is not limited to 5G nor urban 

scenarios. In our review, we emphasized the roll-out of 

location services through New Wave cellular networks 

in urban areas to improve public safety by utilizing 

traffic management and on-site localization of first 

responders. The terms "5G", "Smart City," and "IoT" 

cover expansive literature catalogs. We selected two 

topics most relevant for first responders in this context. 
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Researchers are encouraged to conduct investigations in 

other urban application scenarios and technology 

approaches that were not investigated systematically in 

this work.  

Our RQ is answered, showing that the current 

literature about these scenarios is undeveloped. To 

identify open research questions, we broadened the 

search. We compared different technologies in the EIL 

sector, which deliver a promising foundation for further 

work regarding 5G. The advantage of 5G to comparable 

technologies is its broad dissemination and no need for 

additional infrastructure, but the implementation of 

upcoming 3GPP releases is necessary. Our research will 

aid the cooperation and discussion between researchers 

and practitioners.  
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