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Abstract - The next generation wireless network (5G) aims to improve capacity, reliability, and energy efficiency. However, 
to achieve that there are many services in 5G must be enhanced and other services aims to change the infrastructure of the 
network. It is expected that 5G will support enhanced broadband applications besides the ultra-reliable low latency 
communications (URLLC), which support the latency of the sensitive services and applications. In this paper, first, we 
deliver up to date view of 5G categories services and requirements of ULLC.ULLC is a new service category in 5G that 
accommodate emerging applications with a strict reliability and latency requirements. in the next section, we introduced 
seven emerging mission-critical applications of URLLC and detected their requirements on end-to-end latency and 
reliability. Then we pointed to some field testes in order of outdoor performance latency and vehicular network positioning 

for 4G LTE and trial 5G network results. 
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I. INTRODUCTION 

 

The next generation of mobile communication 

concentrating to provide seamless communication for 

users and machine communication. High-resolution 

video streaming, telemedicine, telesurgery, smart 

transportations, and real-time control are a new 

application which precepts an updating for reliability, 

throughput, end-to-end latency, and network 

robustness. However, there are many technologies 
such as wearable devices, fully immersive experience 

(3D) and virtual/augmented reality which are giving 

the users a particular form in their lives. Therefore, 

the specification of the next generation must be 

pushed to face the requirements in the aspect of 

latency, reliability, data rates and energy efficient. 

The researcher's vision of 5G is to improve the 

throughput by one thousand times, hundred billion 

connections and providing latency as closest as 

possible to zero. Particularly, 5G will support in the 

uniform spatial distribution 100 Mbps as an end-user 

data rate while 10-20 Gbps as a peak data rate [16], 
[20]. 

5G will support many services such as massive 

machine type communications (mMTC), 

latency/reliability critical services and personal 

mobile service. In Ultra-reliable low latency 

communication (uRLLC) and Mission-critical 

communication (MCC), the reliability and latency 

issues still require to be addressed. 

In MCC, to reduce the latency, an enhancement in the 

architecture of the future network must be occurred, 

since the delay is redundant between the core network 
and the radio access network end to end with the 

backhaul, new technologies can be used to reduce the 

latency such as network virtualized function (NFV) 

software-defined network (SDN), and mobile edge 

computing (MEC). Standardization of 5G is set up on 

2018, by 2020 the first commercial will be launched. 

however, the global launch will be by 2022 and later 

on. Table1 shows telecommunication abbreviations 

which have been mentioned in this article. 

 

II. SERVICECATEGORIES IN 5G 
 

In 5G, the eMBB, mMTC, and URLLC are the three 

service categories, which provided briefly as the 

following: 
 

A. Enhanced mobile broadband (eMBB): 

High requirements for bandwidth are essential needed 

in the eMBB service category, such as augmented 

reality, virtual reality, and high resolution.In 4G 

systems, improving the throughput of a system like 

(average, peak, the throughput of cell-edge, and area) 

is the main challenge. High order modulation 

transmission, cell densification, and carrier 

aggregation are physical layer technologies 

introduced via a heterogeneous network and the 

transmission of multiple input multiple output 
(MIMO). However, more aggressive physical layer 

technologies are needed to improve the exploiting 

and the unexplored spectrum spectral efficiency. 

Technologies under consideration (e.g., 

millimeterwave communication, full dimension, and 

massive MIMO and spectrally-localized waveforms) 

[10]. 
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Table1: list of acronyms mentioned in the paper 

 

B. Massive Machine Type Communication 

(mMTC) 

mMTC service can be defined as the wireless 

connectivity to tens of billions of machine-type 

devices. metering, sensing, and tagging are service 

based on mMTC, which require better energy 

efficiency and high connection density [10], [11]. 

Over time, there have been many experiments for 

supporting machine-type communication in the 
unlicensed band such as SigFox, LoRa, and NB-IoT, 

whereas NB-IoT is suited for standard compatible 

services. on the other hand, LoRa and SigFox are 

good for standalone services. There are some 

advantages offered by these three approaches such as 

low operation cost, coverage improvement and low 

power consumption. when the number of devices 

considerably much greater than the transmission 

resources, the strategy of aggressive connection that 

breaks the orthogonal transmission principle is 

required. However, it has been proposed approaches 
to contain more users by using non-orthogonal 

spreading sequence or user-specific [10]. 

 

C. Ultra-Reliable Low Latency Communication 

(URLLC) 

A service category to support the latency sensitive 

services (e.g., tactile internet, augmented/virtual 

reality) is URLLC [7], [10]. Tens of milliseconds are 

the taken time for human reaction/perception time, 

consequential the time of mission-critical applications 

essential to be tens to hundreds of milliseconds. In the 

last years, considerable improvement has occurred for 
4G LTE latency from the 3G network, while the 

latency of E2E is still ranging from 30 to 100 ms. 

However, to reduce the E2E latency, basic changes 

must occur in the backbone network and the wireless 

link. On one hand, by using a soft design network 
(SDN) and virtual network slicing (VNS) to construct 

an isolated connection to dedicated URLLC the 

services which ensuring to significantly reduce the 

backbone latency. On the other hand, overhead must 

be reduced in the wireless link beside streamlining 

the mechanism of transmission. Control signaling is a 

huge portion of the transmit latency which takes 

almost (0.3 to 0.4 ms) per scheduling so, In the 

current LTE systems, it is not efficient to include a 

low latency packet transmission scheme. Therefore, 

in the physical layer many portions must be 

redesigned to support URLLC [10]. 
 

III. ULLC LATENCY SERVICE 

REQUIREMENTS 

 

Naturally, to solve any problem, we should know the 

requirements of that issue and hence the 

understanding the requirements of the ULLC latency 

are the key points for solutions. In this section, we 

discuss latency, reliability, the coexistence of URLLC 

requirements. 

 

A. Latency Requirement 

The latency in the physical layer consists of five 

components as shown in the Figure.1, which are: 

TL= Tttt+ Tprop+ Tproc+ Tretx+ Tsig 

 The (time-to-transmit) latency that 

harmonizes to the packet transmission time, 

donated by (Tttt). 

 The signal propagation time from the 

transmitter to the receiver, denoted by 

(Tprop). 

 The encoding and decoding perform time, 
and the estimation of a channel in the initial 

transmission, denoted by (Tproc). 

 The re-transmission caused time, denoted by 

(Tretx). 

 The time of signaling exchange pre-

processing such as, scheduling grant, 

channel training, and feedback, queuing 

delay and feedback, and connection request, 

denoted by (Tsig). 

 

The URLLC average latency (from L2/L3 ingression 

to L2/L3 egression) is chosen to be less than 0.5 ms, 
by 3GPP in response to the ITU requirements. 

However, to meet this, the time of packet 

transmission Tttt must be in the order of hundreds of 

microseconds, while it is in 1ms in the current 4G 

LTE system, which demands a new frame structure to 

be introduced [10]. 

 

B. Ultra-High Reliability 

Hybrid automatic repeat request (HARQ) -the partial 

re-transmission of erroneous transport block- and the 

channel coding are the two components in 4G 
systems to accomplish the distinctive reliability, 



International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 

Volume-7, Issue-6, Jun.-2019, http://iraj.in 

Towards on 5G services (Ultra-Reliable Low Latency Service; Requirements, Applications, and Challenges) 

 

56 

which is 0.99. Better performance is required in 

URLLC services. In fact, the reliability of a target 
within 1 ms period ought to be at least 0.99999. 

however, the reliability of remote surgery and 

autonomous driving should be as 1 - 10-7 [10]. 

 

C. Coexistence with eMBB and mMTC 

The basestation immediately should transmit the 

URLLC packet in case a URLLC service requested 

whether in the scheduling period or in the middle of 

mMTC transmission eMBB. This means ongoing 

mMTC and eMBB packets without notice must be 

stopped in the case to support the packet transmission 

of URLLC [10]. 
 

 
Figure 1: Components of Physical Layer Latency 

 

IV. ULTRA LOW LATENCY EMERGING 

SERVICE 

 
In recent days, the need for latency for many 

applications has been markedly important for 

example: automated industrial production, 

transportation, health-care, virtual reality, 

entertainment, education, Internet of Things (IoT), 

device-to-device (D2D) Communication, 

Communication and machine-to-machine (M2M) 

which connects any two or more things with other 

anywhere, anytime [16], [12]. 

 

Smart home appliances such as televisions, fridges, 
thermostat or autonomous cars, smart wearable 

devices (watches, glasses, bracelets), smart cities are 

always connected to improve our lifestyle. The 

available operators (3G/LTE) supporting not all of 

these applications. However, some applications need 

higher requirements which are not achieved by LTE 

such as reliability, security, and latency as low as 1ms 

[16]. Therefore, 5G is expected to provide high 

solutions to support low latency applications and 

services described as follows: 

 

A. Factory Automation: 
The quickness of production lines and the limitation 

of human participation is countered by real-time 

control for systems. The production lines could be 

considerable and tangent [16], which is considered 

reliability and latency big challenge. In the fourth 
industrial revolution, URLLC is one of the 

technologies that enables power system automation 

and factory process [7]. To enable those factory 

automation applications, an end-to-end (E2E) latency 

between (0.25 - 10) ms with a BLER of 10-9 must be 

supported [17], [7]. The E2E latency in factory 

automation is measured into two steps: at one end the 

sensors measure the data and transmit it to the other 

side to be processed in the programmable logic 

controller (PLC) to be processed 

 

B. Device to Device communications (D2D): 
In conventional cellular systems, it is not allowed for 

devices to communicate directly with each other, 

where all communications occur through the base 

stations [17]. However, the proximate devices in 5G 

wireless are expected to be communicated directly 

and sharing contents by passing the base station (BS) 

and improving the capability of communication while 

the delay of communication and power consumption 

is reduced [16]. Figure 2 reveals different scenarios 

for D2D communications. Researchers focus on D2D 

communications. We shortly point out some related 
research works for emerging 5G wireless 

communications. The researchers proposed pricing 

schemes (PRICING FOR DR-OC, PRICING FOR 

DC-OC, PRICING FOR DR-DC AND DC-DC) [18], 

D2D based on (in band and out band) to improve the 

performance of cellular networks, in terms of cellular 

coverage, energy, and efficiency [19]. D2D-aware 

handover, smart mobility management, and D2D 

triggered handover are solutions proposed by Nokia 

Research Centre [16], as a result of those 

improvements, a reliable vehicle to vehicle 

communications can be supported in the 5G network. 

 

 
Figure 2: A Scenario of D2D Communications 

 

C. Intelligent Transportation Systems (ITS): 

In the transportation industry, many technological 

transformations and services such as automated 

driving, traffic efficiency, and road safety, can be 

empowered by ultra-reliable low latency [16], [9]. 
These services need different requirements. For 
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instance, in case an overtaking of an autonomous 

vehicle, the coordination of the vehicle among its self 
is required. However, in automated vehicle 

overtaking, 10 ms is the maximum allowed end-to-

end latency for each message exchange. A see-

through-vehicle application is an example of video 

integrated applications, which require 50 ms 

maximum delay to transmit raw video. Dangerous 

situations and collision warnings included by road 

safety. Traffic flow controlled by traffic efficiency 

services using information about traffic lights and the 

information of local traffic [16]. Consequently, these 

transformations will connect the vehicles with each 

other and reacting to the complexity of the road 
situations by collaboration with others instead of 

relying on local information, requiring an E2E 

latency of 5-10 ms and BLER down to 10-5 [7]. 

 

D. Internet of Things (IoT): 

IoT is one of the popular concepts that introduce new 

features and techniques for computers and the 

internet [2]. Millions of simultaneously connected 

objects via internet like connected homes, phones, 

vehicles, smart transportation, and smart grids are 

called IoT [12], [2], as shown in figure (3). Business 
layer, application layer, middleware, network layer, 

and perception layer are considered five layers for the 

architecture of IoT. figure (4) demonstrates the 

architecture of IoT [2].5G targets to enable the 

latency critical of IoT applications. the academia 

submitted a comprehensive analysis and the 

requirements of significant low latency use cases on 

the underlying communication systems, when current 

LTE PHY and MAC technologies have been 

analyzed and taking on higher-layer latency 

measurements exposed that, meeting the requirements 

could only be faced when a novel network 
architecture concepts and new radio interface design 

is introduced. however, NFV and flexible network 

architecture incorporating SDN concepts have the 

ability for adaption with different service 

requirements, and applications could follow a 

service-centric perception and be less reliant on 

operators or RATs.[3]. 

 

E. Smart Health Care: 

The evolution of communication technologies such as 

the internet of things (IoT) and cyber-physical 
systems (CPS) paved the way for healthcare 

monitoring solutions [12], [4]. Low latency 

healthcare applications such as tele-diagnosis and 

tele-rehabilitation utilized for remoting the physical 

examination [7]. However, to control such 

applications it requires high reliability and round-trip 

latency of 1 – 10 ms [5]. However, in the case of 

remote surgery, the robotic arms replace the human 

hands which require RTTs lower than 1ms [7].  

Moreover, Electrocardiogram (ECG) monitoring, 

which works by using the mobile application to 

collect and display the data. A new process was 

proposed for ECG monitoring to gather the data using 

wearable monitoring device and transmit it wirelessly 
to IOT cloud [12].  In the rural places, where there is 

no balance in the distribution of the medical 

resources, the deployment of video conference -based 

telemedicine systems could be shared by the 

outsourcing of the medical resources from big 

hospitals to the rural ones, achieving high salvage 

rates. However, such techniques just treat the patients 

physiologically. As a result of that, the researchers 

proposed a healthcare system called 5G cognitive 

system (5G-Csys), which solved the challenge and 

deals the status of the patients physically and 

psychologically by testing the system to recognize the 
emotional speech [6]. 

 

 
Figure 3: IoT Connections Anywhere, Anytime 

 
Figure 4: Architecture of IoT 

 

F. Education and Culture: 

Many services could be enabled by tactile internet 

such as remote education and training, remote surgery 

and monitoring and remote driving among its 

applications [13]. Remote education will be 

facilitated due to the low latency tactile internet by a 

haptic overlay of teacher and students. However, for 

appreciable haptic interaction, auditory and visual, 

the round-trip 5-10 ms latency is allowed for identical 
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multi-model human-machine interfaces. Moreover, in 

different scenarios of tactile internet such as playing 
of the musical instruments remotely, network latency 

lower than a few milliseconds is essentially needed 

[16]. 

 

G. Augmented reality 

Augmented reality systems, in brief, is a 

synchronized relation between virtual layer over the 

perception user of the real objects, so that, the virtual 

and real objects are combined to each other with 

proper depth of perception in three diminutions 

[21].AR technology enables applications such as city 

or museums guides, driver assistance systems, 
improved maintenances, assistive technologies for 

police and firefighters, remote education and 

telemedicine. However, the required latency is as low 

as a few milliseconds due to current cellular latency 

and the insufficient computational capability of (UE). 

on the other hand, it may require round trip latency of 

1 ms with data rates as high as 1 Gbps.  in some use 

cases [16]. 

Table2 shows the 5G emerging applications briefly 

and the requirements of latency with estimated data 

rates for 5G services are summarized in table (3). 
 

V. LATENCY FIELD TESTES 

 

A. Outdoor latency performance: 

Lately, the use of mobile devices has expanded 

enormously. A result of that, the conventional 

networks such as long-term evolution (LTE) and LTE 

Advanced will not able to face future demands. The 

researchers come with the fifth-Generation mobile 

communication system (5G) which provides lower 

latency and higher data rates. 5G technology has been 

through many evaluated levels, one of those creative 
ideas proposed by [1],the researchers suggested a 

potential cellular architecture included the separation 

of indoor and outdoor to avoid potential loss through 

the buildings using distributed Antenna (DAS) and 

massive MIMO (multiple inputs multiple outputs). 

however, splitting the plane of SDN and changing the 

paradigm of 5G architecture from base station centric 

to user-centric (paradigm shift) is poised to achieve 

sub-millisecond latency, shown in figure (1). [10].In 
mm-W bands, the Propagation losses increased and to 

overcome such problem, high gain is required which 

a achieve better coverage and high availability. 5G 

mm-wave systems target small cells and use beam-

tracking technologies, which present soft mobility 

and users tracking in the small cells.the authors 

experimented the latency and throughput 

performance using 5G mm-w PoC (frequency = 

73.5Ghz, channel bandwidth = 1Ghz) system for an 

outdoor LOS user device with speed up to 20km/h. 

However, the result of that workshop with 

interleaving frame structure confirmed lower latency 
time of 3ms round-trip for (70 to 80%) in the trail 

course and over 1 Gb/s throughput achieved as well 

for 38% in the trail course. Moreover, using mm-W 

proof -of –concept (PoC) frequency and (channel 

Bandwidth =2 GHz) with two-stream MIMO, single 

carrier transmission, and dual polarization, in the 

mmW band, achieved higher data rates e.g. greater 

than 10Gb/s [14]. 

 

 
Figure 5: Paradigm`s Shifting from Base Station Centric to 

User-Centric 
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Table 2: Key Points of Emerging Applications 

 

 
Table 3: Requirement of Latency and Data Rate for Different Emerging Service 
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Table 4: Application Requirements for Different Technologies 

 

B. Vehicular networks positioning: 

Linguistically, positioning indicates to the act of 

putting something in a certain place, however, 

vehicular positioning means the way in which a 

vehicle is placed in the network. There are many 

technologies must be considered to achieve the 

positioning, which gives the vehicle an understanding 

to the environment and its location which encoded 

into a map, such as Global navigation satellite-based 

system (GNSS), mono, radar, stereo camera, and 
laser scanners (lidars). Positioning applications 

requirements are accuracy, latency, reliability as well 

as the cost [15]. 

Positioning has been utilized the cellular technologies 

for decades, but the requirement of those technologies 

was not enough to meet the target, however the 

second Generation (2G) provides accuracy of 

hundreds of meters, 3G achieved tens of meters, 4G 

LTE less than fifty meters and 5G has the ability to 

achieve potential accuracy beyond the GNSS [4]. 

TABLE (1) shows the rest of the application 
requirements for different technologies So far, there 

is not a completely defined standard for 5G. 

However, the 5G system presents many properties 

that helped overwhelmingly to enhance the 

positioning accuracy and reduce the latency to less 

than 1ms.  Higher frequency (above 3GHz), large 

bandwidth (above 1GHz), (D2D) communications, a 

dense network of 5G. integrating the previous 

characteristics produces in somehow a great 

infrastructure which meets the demands of future 

vehicular positioning 

 

VI. CONCLUSION 

 

This article has presented the services categories in 

5G, requirements of ULLC services, emerging 

application, field tests, and challenges of ultra-

reliable low latency communications (URLLC). We 

Categorized the services in 5G into enhanced mobile 

broadband, massive machine type communications, 

and ultra-reliable low latency communications, which 

has been described in the next sections. In section III, 

we described the three requirements of ultra-latency 

service such as latency requirements in the physical 

layer which showed a demanding for a new frame 

structure to meet the URLLC average latency that 

decided to be less than 0.5 ms, ultra-high reliability 

and its components to achieve the typical reliability, 

and coexistence with eMBB and mMTC). The 

emerging applications or use cases for ULLC was 

clarified like factory automation, device-to-device 

communications, intelligent transportation systems, 

internet of things, smart health care, education, and 
culture, as well as augmented reality. In section V, we 

showed some field tests in order to latency such as 

outdoor performance, vehicular positioning 
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