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1. INTRODUCTION

The increasing number of  connected machines, new 
vertical services, security schemes, and business 
models need improved performance criteria just such 

as high connectivity, coverage of  wireless communication, 
ultra-low latency, security, and throughput. The fifth-
generation (5G) of  mobile networks (5G) is emerged to 
propose flexible and high-speed networks to fulfill these 
criteria. The support of  millimeter wave, machine-type 
communications (MTC), mobile edge computing (MEC), 
network function virtualization (NFV), software-defined 
networking (SDN), and narrowband IoT are the most 
important keys enabling for new applications requiring 
stringent guarantee for quality of  service (QoS) parameters. 
Such new applications are represented by evolved mobile 
broadband, ultra-reliable low latency communication, and 

massive MTC Maier et  al. (2018), Shafi et  al. (2017), and 
Parvez et al. (2018). 5G attracted great attention of  European 
policymakers due to its pervasive structure. Furthermore, 
it is expected to be a milestone in productivity growth and 
economic improvement with its higher capacity electronic 
transmission infrastructure Andrews et  al. (2014) and 
Aijaz (2016).

Recently, the IEEE P1918.1 working group has introduced 
the tactile internet (TI) as “A network or network of  networks 
for remotely accessing, perceiving, manipulating or controlling 
real or virtual objects or processes in perceived real time by 
humans or machines. Zhang et  al. (2018)” as it started to 
define the framework, application scenarios, and technical 
assumptions. Specifically, the new applications supported by 
the TI are industry X.0, Automotive, E-healthcare that includes 
a wide range of  use cases and may require or not low latency 
depending on whether if  they are time critical or not Zhang 
et  al. (2018). Enormously low latency together with a high 
level of  availability, reliability, and security are associated and 
provided in TI Amodu and Othman (2018), Ateya et al. (2017).

In this article, we will provide an overview of  the 5G mobile 
network that provides the most important capabilities 
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supporting the TI, especially those related to low latency. This 
would include the 5G architecture starting from the radio 
access network (RAN) to the most evolved functionalities 
introduced in its core network to support the different 
applications of  TI.

This article is organized as follows: Section 2 describes the 
TI with haptic communication as a principle application. 
Section 3 provides an overview of  the 5G network as a 
key enabler for TI, and Section 4 presents the challenges 
associated with TI applications in terms of  latency, Section 5 
presents the technology enablers for TI, Section 6 describes 
the most recent progress in the research area to provide low 
latency, Section 7 discusses the open issues and challenges to 
be solved in TI, and finally, Section 8 concludes the article.

2. THE TI

Today, ultra-reliable and ultra-responsive network connection 
is worked on for providing real-time control and physical 
tactile experiences remotely. With the latest technological 
advancements, the new era is proposed as TI, and it will 
achieve a kind of  true paradigm shift from content-delivery 
to skill-set delivery network types Ali-Yahiya (2018). The 
TI will utilize the traditional wired internet, the mobile 
internet, and the IoT as the infrastructure of  transport 
from an end-to-end perspective. It will construct a novel 
internet structure having improved capabilities however 
with the current fourth generation mobile communication 
systems, it is hard to ensure the technical needs of  the TI, 
thus 5G mobile communication systems will be used at the 
wireless edge and as a key enabler for TI due to its automated 
core network functionalities. Besides, it is expected that TI 
brings a novel perspective for human-machine interactions 
with its low latency in constructing real-time interactive 
systems. Basically, the TI is presented for ensuring lower 
transit time, high reliability, lower latency, better security, and 
sufficient capacity as a communication infrastructure. TI is 
expected to be utilizedin vital aspects of  life, such as health, 
transportation systems, industrial automation, and education 
with allowing billions of  devices’ communication with each 
other simultaneously and autonomously Aijaz (2016).

The TI will ensure better communication and realistic social 
interactions in many areas especially the one that needs an 
end-to-end latency of  1 ms which is not reached by current 
cellular systems or wireless local area network. In addition, 
the provided end-to-end latency rate is vital for critical TI 
applications, especially the haptic ones. Indeed, it is difficult 

to present the whole list of  TI applications, the most 
remarkable of  them are given such as gaming, automation 
in industry, education, autonomous driving, individualized 
manufacturing, robotics, unmanned autonomous systems, 
virtual, and augmented reality and health care.

In health care, with the TI, telerehabilitation, telesurgery, 
and telediagnosis applications can be utilized by patients 
with a telerobot or with many other telediagnostic tools. 
Tele-rehabilitation and telediagnosis applications will be 
utilized by patients remotely. The location of  the doctors will 
not be important for diagnosing a patient. Furthermore, in 
telesurgeries, telediagnostic tools will be controlled by doctors 
remotely away from the patient. High precision and better 
diagnosis will be ensured by TI based health-care technologies 
with ever-improving telemedical technology.

Lately, robotics became a significant topic for researchers in 
many environments; however, it includes many challenges and 
high complexity. Indeed, remote and real-time controlling, 
and providing synchronous haptic feedbacks of  robots are 
spectacular features of  autonomous robotics. For controlling 
robots, latency in action and reaction times is vital; this is why the 
speed of  light that is essential for guaranteeing the low latency.

In the virtual reality, a haptic virtual environment is provided 
through TI through audio-visually and the touch sense. In 
augmented reality, real and computer-generated content is 
combined and visualized for the user. Further, providing 
additional information to users improves many assistance 
systems in education and maintenance. By the help of  the 
TI, the content in augmented reality will be improved from 
static to dynamic. Thus, a real-time virtual extension will be 
provided for the user’s field of  view, and many mistakes will 
be notified and prevented Ateya et al. (2018).

2.1. Haptic Communications
Haptic communication and 5G are essential foundations for 
the TI. As the haptic devices permit the users to feel, touch 
and manipulate things over real and virtual fields. So far, the 
transmission of  haptic information has been considered over 
telepresence systems. Thus improving a standard haptic codecs 
family is a main challenge in the context of  the TI. Including 
tactile and kinesthetic information, this kind of  codec family may 
be a provider of  scalability in the network edge. Furthermore, 
it addresses a layered structure for haptic data, including multi-
modal sensory information Antonakoglou et al. (2018).

The TI should consider providing haptic feedback together 
with visual feedback and audio feedback at the master domain. 
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Because different sensory modalities need to be combined 
in the human brain, so increased perceptual performance is 
gained. Here, the main problem is cross-modal asynchrony. 
Different modalities such as visual, auditory, and haptic have 
variable needs (transmission rate, sampling, latency, etc.), 
as a result of  these requirements, cross-modal asynchrony 
emerges. A  multiplexing scheme is used to address the 
problem with provisioning temporal integration of  variable 
modalities Aijaz et al. (2017).

The communication of  haptic data provides the ability 
to interact with remote objects and humans. Haptic data 
are gained by the human senses and related to the haptic 
perception. This data type is produced in the master domain 
by a human system interface, then they are collected in the 
controlled domain by passing over the network domain. The 
haptic data are utilized to manage a teleoperator or a haptic 
rendering algorithm in the controlled domain. In the form of  
telepresence and teleaction systems, haptic communication 
systems are transparent to the user [Figure 1].

Haptic actuators and haptic sensors are haptic devices which 
are needed to present a haptic communication. The tactile 
information is sensed by haptic sensors by attaching them 
to a teleoperator end. Furthermore, range, reliability, cost, 
and response time should be considered while choosing a 
haptic sensor, regardless of  the method used for sensor 
design. Haptic sensors sense heat, force, moisture, etc., 
which are experienced by the teleoperator while interacting 
with its environment. Then, the sensed haptic data are sent 
to the user as haptic feedback. The haptic feedbacks are 
provided by haptic actuators, which are known as haptic 
feedback devices.

Haptic feedback can be categorized as cutaneous touch 
and kinesthetic touch. Kinesthetic touch is composed of  
the relative position of  neighboring body parts’ senses and 
muscle tension senses. The touch of  pertaining to the skin 
is a kind of  cutaneous touch. However, it is very complex 
to design a haptic feedback system that will provide a feeling 
of  touch that will be similar to what the user will feel in the 
real world Berg et al. (2017).

Physical interaction between real and virtual objects is 
ensured by TI over large areas. There are two types of  haptic 
interaction scenarios which are passive networked haptic 
interaction and active networked haptic interaction. In passive 
interaction, there is a remote exploration and perception of  
objects without manipulating of  the objects in the remote 
area. In active haptic interaction, a manipulative component 
is added to the remote physical interaction. Thus, the remote 
environment can be manipulated and perceived by the user 
Sachs et al. (2019).

3. 5G OVERVIEW

As the technology of  choice, the 5G is expected to support 
and facilitate the usage of  TI applications and its data 
transfer through the user equipment (UE), RAN, and core 
network. This is due to the flexibility of  5G architecture and 
its elements which are depicted in Figure 2, according to 
3GPP organization technical specification (2017). The 5G 
architecture is designed to be flat where the control plane is 
separated from the user plane, this is due to some reasons of  
practicality and adaptation of  functionalities for any kind of  
service needs, and this would support the scalability easily. 
The core network of  5G is designed based on modular 

Figure 1. Haptic communication architecture
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functions that generate services; all the modules communicate 
with each other. This is the reason why 5G core network 
supports the virtualization of  network functionalities and 
network slicing to be created as soon a new service emerges 
Chen and Zhao (2014), Technical Specification (2017), and 
Khodashenas et al. (2016).

The 5G introduced new interface called new radio which is 
using orthogonal frequency-division multiplexing (OFDM); 
however, the subcarrier spacing ranges from 15, 30, 60 
to 120  kHz which gives a variety of  slot length for data 
transmission. This is very beneficial, especially when dealing 
with the diverse set of  services in TI that require different 
performance in terms of  latency. Hence, when the duration 
of  the slot decreases, the latency of  transmission decreases 
too, choosing this configuration is very useful for the critical 
real-time application introduced in TI. As for the QoS in 
5G, it is a flow-based as the packets are classified according 
to the QFI od (QoS flow identifier). The 5G QoS flows are 
mapped in an access network to data radio bearers (DRBs) 
depending on the implicit requirements for each type of  
application, as shown in Figure 3.

4. LOW LATENCY AS A CHALLENGE IN TI

The TI has a wide range of  application; however, not all of  
them would require a very low latency like the haptic one. 
The latency is bounded between 1 and 10 ms for the haptic 
applications while for video and voice, the latency will range 
between 10 and 100 ms. The paradigm of  the network should 
be modified or support new infrastructure, especially for 
haptic communication as it requires ultra-low latency and 
high reliability. By considering the classical view of  the actual 
mobile network and traditional communication protocols, it 

is not suitable. They are not suitable for the applications of  
TI as delay is introduced in every layer of  the protocol stack 
in the end-devices, the master domain, the transport domain 
for the end-to-end communication.

TI did not introduce only haptic type of  data but also audio 
and video (the traditional Internet traffic) within the same 
device. The decision to have a standalone codec for each 
type or a hybrid codec is under study. However, when dealing 
with QoS, each type of  traffic will require its own QoS 
requirements to be guaranteed through the network. Thus, 
a multiplexer is interacting actively with each type of  traffic 
depending on how urgent is the need for that type of  traffic 
to be prioritized in terms of  resource allocation Sachs et al. 
(2019) and Aijaz et  al. (2018). The multiplexing technique 
should take into consideration the high update and packet 
rate compared to audio and video traffic, as it should also 
change its behavior not only when multiplexing and sending 
the data through the network but also for congestion control 
when it happens, the multiplexer should decide which packet 
to drop and which has higher priority to be passed through 
the channel Eid et al. (2011), Gokhale et al. (2017), and Cabrera 
et  al. (2019). The methodology used in the multiplexing 
algorithm would affect so much the latency, and designing a 
good multiplexer is a challenging issue due to the variety of  
the type of  internet traffic, including the haptic ones.

The other hurdle in TI is the size of  packets that influence the 
delay of  transmission as considering the current size would be 
a big obstacle towards providing the 1 ms end-to-end delay. 
This delay includes packet processing in the receiver and 
transmitter, including encoding and decoding. The OFDM 
used in the current technology where the symbol duration is 
long may not be a good option for modulation.

Figure 2. Fifth-generation architecture
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As for accessing cloud computing capabilities, the delay will 
increase hugely if  the cloud computing is accessed through 
the traditional internet, this brings a heavy load on the 
backhaul and core network, as well it will increase the latency, 
thus violating all the threshold values for latency. Hence, 
moving the capabilities of  the cloud close to the edge will be a 
good solution, this means that processing and storage should 
be achieved in RAN and not exceeding it to the core network 
then internet, consequently reducing the delay to some extent. 
As the traffic model in TI is not following a regular basis, 
i.e., the arrival of  packets can be sporadic and/or bursty to 
the schedulers in the medium access control (MAC) layer in 
the involved entities in the access network, thus the delay 
experienced by a packet includes the transmission delay and 
queuing delay in the transmitter side, the decoding and delay 
in the receiver side. For the applications which have hard 
latency requirement, the design of  the queue delay model 
should be considered in the whole system.

5. KEY TECHNOLOGIES FOR ENABLING LOW 
LATENCY IN TI

Despite the fact that there are many challenges that are facing 
the low latency in the TI, there are some key technologies, 
frameworks, and communication protocols that attempt to 
reduce the latency through different methods from an end-
to-end network perspective. Those solutions are introduced 
in the access, core network, and end-user network of  
the 5G. Along with intelligent artificial methods that are 

combined with them to guarantee the minimum latency. In 
the following, we discuss these solutions that are introduced 
in the different layers of  the end-to-end network architecture 
to achieve low latency:

5.1. SDN and NFV
As key enablers of  5G networks, the SDN and NFV are 
introduced to automate the network management regardless 
of  the type of  hardware used in the core networks. Indeed, 
all the functionalities of  the hardware and network will be 
abstracted and software to decouple infrastructure from 
the functions. The SDN is aimed to separate the control 
plane from the delivery plane so a centralized entity, i.e., the 
controller can make the decision of  the delivery of  the 
traffic according to actions corresponding to rules defined 
in the flow table of  the controller Ateya et al. (2018), Matias 
et al. (2015), and Costa-Requena et al. (2015).  NFV is trying 
to virtualize or execute the functionalities of  the network 
in a virtualized infrastructure to provide the dynamicity 
and the adaptive configuration of  the network depending 
on the context that requires certain reconfiguration. The 
heterogeneous needs of  TI in terms of  QoS requirements 
make SDN and NFV the best candidates to satisfy these 
requirements especially in terms of  latency, as they can be 
adapted to the frequently changing nature of  data and traffic 
since tactile services may coexist with non-TI services Sachs 
et al. (2019). In this case, the traditional QoS mechanisms will 
fail to guarantee the QoS parameters and some mechanisms 
based on flow priority should be implemented to respect 
the end-to-end stringent delay of  the TI traffic. Congestion 

Figure 3. Quality of service architecture in fifth-generation
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solutions, load balancing, data path, physical location of  the 
NFV and SDN, mobility tracking, etc., all these functionalities 
will impact on the QoS guarantee and can be flexibly 
reconfigured to take the 1 ms delay of  TI into consideration 
Giannoulakis et al. (2014) and Blanco et al. (2017).

5.2. Network Slicing
A common communication infrastructure is one of  the 
points that 5G has introduced in its core network to 
support different case studies, services, and applications. Its 
implementation is achieved with the combination of  NFV 
and SDN to create new slices with diverse requirements of  
any applications in terms of  latency, throughput, security, and 
reliability. Network slicing is an effective method to optimize 
the resources in 5G by creating a virtual environment with 
the elements needed by any application. Its flexibility resides 
in its creation on request and a life cycle duration until the 
service ends and the slice will be de-allocated. A network slice 
is a set of  network resource along with any functionalities 
offered by the network and instantiated by the NFV. The 
network slicing is performing what so-called isolation of  
resources, this means that each slice will be independent and 
can request different types of  resources, this would guarantee 
the QoS requirements for the TI as one or several slices will 
be dedicated to its applications Zhang et al. (2017), Rost et al. 
(2017), and Ravindran et al. (2017).

5.3. MEC
MEC or multi-access edge computing tries to bring the cloud 
to the vicinity of  end-user, which enables the centralized 
cloud capabilities to be distributed to the edge of  RAN 
[Figure 4]. This paradigm is assisting in reducing delay, 
especially for the delay sensitive applications while bringing 
the computation, processing to be closer to the users 
themselves Tran et al. (2014). This would also assist in the 

case of  TI to enable users to track their real-time information 
such as behavioral information that can be predictive based 
on an artificial intelligence algorithm.

The MEC is overcoming the classical cloud by having the 
edge device close to the user to compute, process and deliver 
instead of  sending the whole data through the backhaul and 
make congestion in which the latency that TI would like to 
guarantee would collapse. As well, resource management 
can be effectively achieved through a collaborative edge 
computation as the task can be divided into small tasks 
and be processed through different edge devices. Thus, 
this would be a good method of  offloading the network 
Mao et al. (2017). As well, providing a distributed caching 
mechanism by extending content delivery network services 
toward the mobile edge can enhance the users’ quality of  
experience (QoE) while reducing backhaul and core network 
usage Skorin-Kapov et  al. (2018). Indeed, there is a tight 
relationship between the MEC and the QoE; however, since 
we are dealing with haptic applications, the codec used should 
reflect the combination between the tactile and kinesthetic. 
Consequently, a new design for mean opinion score that 
reflects the best the QoE of  users through different codec 
that combines also video and audio applications emerges.

6. CURRENT RESEARCH WORK DIRECTIONS ON 
LOW LATENCY IN TI

TI is still in its infancy and new methods should be developed 
to guarantee the low latency criteria that are one of  the 
essential among the others characterized by ultra-reliability, 
security, and high QoS and QoE guarantee. However, 
when referring to the solutions that try to guarantee the 
minimum latency characterized by 1 ms for the critical haptic 

Figure 4. Mobile edge computing architecture
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applications to multiple of  100 ms for other type of  data 
combined with haptic one, the adaptive ones can be the 
best choice. Such kind of  solutions should adapt themselves 
intelligently to the context. Up-to-date, there were many 
research works trying to deal with the low latency by keeping 
it as minimum as possible, the method used for achieving this 
objective can range from the framework, resource allocation, 
and technological methods such as MEC, network coding, 
and communication protocols. In the following, we detail 
some solutions used to reduce the latency explaining the 
methodology used to achieve that and summarize them in 
Table 1.

6.1. Resource Allocation
One of  the most significant techniques used to reduce the 
latency is the resource allocation, the main layers involved in 
the resource allocation and would impact on the end-to-end 
(E2E) latency in the protocol stack are the physical (PHY) 
and MAC layers. A cross-layer design involving both layers 
can be considered as an efficient solution toward obtaining 
a reduced delay.

One of  the characteristics of  the TI application is the 
nature of  the traffic generated in the end device is it 
bustiness. According to the packet arrival process, a burst 
of  packet transmission involves a large amount of  data 
sent in a short time. To exploit the burstiness, authors 
in Hou et  al. (2018) classified the packet arrival process 
into two states: High and low states and they designed 
different transmission techniques for both states taking 
into consideration the awareness of  the base station (BS) 
about the quantity of  traffic sent by the users. Accordingly, 
the BS would classify both states based on the Neyman-
Pearson method. The behavior of  the BS will change 
according to the amount of  traffic; it will reserve dedicated 
bandwidth for users with a high amount of  traffic giving 
them higher priority while for those of  low traffic state a 
resource pool is shared.

To ensure the low E2E delay communication, authors 
in She et  al. (2016) considered short frame structure 
for transmission and took into consideration different 
parameters that effect of  packet loss during the transmission. 
Since latency is bounded to delay of  transmission and 
queue delay, while reliability is bounded to packet error 
probability, queueing delay violation probability, and 
packet dropping probability. Authors worked on a cross-
layer design of  MAC and PHY layers to optimize these 
probabilities in relationship with power allocation in the 
BS. A proactive packet dropping mechanism is proposed 

to satisfy the QoS requirement with the limited transmit 
power. Authors in She and Yang (2016) are based on the 
work of  She et al. (2016) to use the solution in the context 
of  vehicle collision avoidance; however, they optimized the 
bandwidth allocation for users based on the queue delay 
and the power allocation to ensure the reliability.

Again authors in Gholipoor et al. (2018) proposed a cross-
layer framework that combines traditional and TI data so it 
can be more realistic. However, instead of  using OFDM, 
they used sparse code multiple access that 5G proposed for 
transmission paradigm. The aim of  the paper is to increase 
the sum rate of  the traditional data while guaranteeing the 
delay of  TI. They proposed a queue in the transmitter to 
differentiate the TI from traditional ones as well as in the 
receiver which the BS in their cases proposed different 
codebook and power allocation for both types of  traffic.

The authors in She et  al. (2016) investigate the impact of  
spatial diversity and frequency diversity on ensuring the 
transmission reliability, and the total bandwidth required 
for a wireless system to support the QoS requirements of  
massive machine type devices. They employed a two-state 
transmission model to characterize the transmission reliability 
constraint based on the achievable rate with finite blocklength 
channel codes. They assigned multiple subchannels to each 
active device, from which the device simply selects one 
subchannel with channel power exceeding a threshold for 
transmission after channel probing. They optimized the 
number of  subchannels, the bandwidth of  each subchannel, 
and the threshold for each device to minimize the total 
bandwidth required by the system to ensure the reliability.

In Aijaz (2016) authors used LTE-A network to allocate 
resources in terms of  resource blocks to the haptic devices 
involved in the communication. Joint uplink (UL) and 
downlink (DL) scheduling necessitate an information 
exchange mechanism between UL and DL schedulers. They 
have investigated the problem of  radio resource allocation for 
haptic communications over 5G LTE-A networks. The radio 
resource allocation requirements of  haptic communications, 
together with the constraints of  UL and DL multiple access 
schemes, have been translated into a power and RB allocation 
problem. To reduce the complexity, the problem is first 
decomposed using an optimal power control policy and then 
transformed into a binary integer programming problem 
for RB allocation. Authors proposed a low-complexity 
heuristic algorithm for joint UL and DL schedule that not 
only fulfills the utility requirements of  haptic devices but also 
outperforms the classical algorithms.
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6.2. MEC
The MEC is playing a very important role in the reduction of  
low latency, and it is designed for this purpose. For example, 
in Ateya et al. (2017) authors proposed multilevel hierarchical 
of  cloud units to reduce the round-trip delay in the mobile 
network especially the LTE network by introducing a new 
level of  cloud units with higher capabilities in the way between 
core network and eNBs so as the cloud unit (Microcloud) 
reduces the communication latency. The authors used the 
concept of  MEC to bring the processing function in the 
vicinity of  users by introducing small micro and Minicloud 
in each level of  the network in the way to the core network 
which in its turns can include the functionality of  the cloud. 
Authors in Rimal et al. (2017) proposed a MEC design on an 
integrated fiber-wireless (FiWi) access networks. They used a 
hybrid architecture that integrates MEC and the conventional 
cloud for different types of  applications depending on the 
nature of  the application, whether it is latency sensitive or not. 
The author claimed that using MEC over FiWi is improving 
network performance in terms of  QoS for different types of  
applications. In El Saddik et al. (2011) authors proposed to 
replay haptic content using caching technique, which is useful 
for applications relying on haptic feedback. The caching 
mechanism is very useful in the case of  haptic application, as 
it is movement/behavior repetition, this means that there is 
no need to reproduce the same movement/behavior all the 
time since they will be cached and reused whenever there is 
a need to produce.

6.3. Network Coding
Network coding is a method that is used to reduce the latency 
in the network and increase communication efficiency and 
especially the error probability when sending data on an 
unreliable channel. This is done through network coding 
based on algebraic algorithms on each node that receives the 
data and then recode it and send it to the destination to be 
decoded. This is why both nodes should be synchronized, 
and the behavior of  the network will depend on one hop 
communication rather than end-to-end communication used 
in the traditional networks in which each node will store and 
forward but not process the data Swamy et al. (2016).

With the introduction of  SDN in 5G, the network coding 
can reduce more the latency through multihop networks 
by including its functionality in the controller. This is why 
authors in Szabo et al. (2015) used network coding especially 
the random linear network coding integrated with SDN to 
reduce latency in a multi-hop environment. They introduced 
the functionality of  compute-and-forward to the coding 
through the use of  SDN instead that routers use only the 

functionality of  store-and-forward. This would improve 
latency and reduce packet re-transmission with respect to 
other traditional approaches.

6.4. Haptic Communication Protocols
To support haptic communication, either new protocols 
should be designed to the variable nature of  the haptic traffic 
as it is a hybrid one, or the traditional network protocol should 
be modified to be adapted to it. Talking about higher layers 
of  the protocol stack just like the transport layer, there are 
two classical options; namely user datagram protocol (UDP) 
and transmission control protocol (TCP). However, both 
protocols have their advantages and disadvantage when 
supporting haptic data transport. For example, TCP can be 
considered as a heavy protocol and needs that the connection 
is established between the peers for a transmission happens. 
In point of  view of  reliability, the TCP can be considered as a 
reliable protocol for haptic communication however in terms 
of  providing low latency; it would introduce extra latency 
which cannot be suitable in a tactile environment where low 
latency is required. UDP is a light protocol and most suitable 
for haptic communication but it does not meet the reliability 
requirement Aijaz et al. (2017) and Berg et al. (2017).

A protocol called SuperMedia transport for teleoperations 
over overlay networks (STRON) El Saddik et al. (2011) was 
created to operate over overlay networks transmitting data 
using different network paths. STRON was compared against 
TCP and stream control transmission protocol, showing that 
it performs significantly better in the case of  a network that 
includes paths with heavy packet loss. Timely execution of  
the protocol handler tasks with real-time interrupts allows 
for more immediate transmission of  haptic data packets. 
Furthermore, the efficient transport protocol Shafi et  al. 
(2017) aims to reduce round-trip delay time which is related 
to the inter-packet gap (IPG). By monitoring the transfer 
rate, it is possible to optimize IPG by setting it to a minimum 
value to maintain stability and maximum performance of  
the haptic application Cen et al. (2005) and Wirz et al. (2008).

As for the application layer, temporal management is 
important since data can be haptic mixed with audio 
and video, the challenge is to aggregate all these traffic 
to be transported in one single data stream. This is why 
synchronization between both ends are important and should 
be guaranteed. Almost solutions proposed to multiplex these 
traffic using different algorithms in literature would count on 
the UDP protocol as a light protocol Marshall et al. (2008) 
and Gokhale et al. (2015). In general, the application layer 
protocols supporting audio, video, and haptic modalities 
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and according to Gokhale et al. (2017) can be classified into 
(1) constant bit rate based telehaptic protocols in which CBR 
data streams were inject into the network at a steady rate. 
Some example of  this protocol that adopted this method 
but modified can include the application layer protocol for 
haptic networking Al Osman et al. (2007), adaptive multiplexer 
Eid et al. (2011), and haptics over internet protocol Nasir 
and Khalil (2012). (2) Adaptive sampling based telehaptic 
protocols in which haptic signals samples are injected to 
the network with partially taking the whole samples into 
consideration this is due to the high bandwidth that they 
require, this is why and to avoid this problem, some samples 
will be identified and will be sent Clarke et al. (2006), Bhardwaj 
et al. (2013), and Sakr et al. (2011).

7. OPEN ISSUES

The TI can be considered as a revolution or an evolution of  
the type of  communications, applications, services as well as 
business models. It is expected that TI will be an economy 
booster for different use cases and scenarios. However, 
this evolution is still in progress and would need a mature 
framework that can include all the functionalities described 
in the previous sections to guarantee the low latency which 
is a key feature of  the haptic communications. There are still 
challenges to be addressed in this regard, even this article is 
not an extensive review that gathers all functionalities but 
indeed it gives an idea about the progress in research in this 
matter which is a good start towards further elaboration 
in each mechanism described for reducing the latency. To 
this aim, the following are some open issues that can be 
investigated further to achieve this goal:

Proactive resource allocation would be the best solution for 
critical applications. The tactile applications can be classified 
according to their requirements into low, high, and adaptive 
delay applications. The resource allocation mechanism should 
change its behavior according to the type of  application with 
a dedicated mechanism suitable for each one. In general, the 
proactive end-to-end resource allocation stringent latency 
requirement is the best way to guarantee the 1 ms latency 
criteria. Mechanism of  scheduling, QoS provisioning, 
admission control, etc., should be re-designed to react as fast 
as possible to process haptic traffic.

Mobile core based cloud native is an interesting idea to 
bring all the functionalities, capabilities and service of  the 
traditional cloud to the core network; this would reduce 
lots of  hops that the haptic traffic should cross through. As 

well, this can bring the cloud closer to the users in terms of  
physical location and can reduce the latency. However, having 
an overloaded core network would bring some problems of  
congestion should be solved through SDN and orchestration 
service provided by the VNF.

Mobility would add an additional dimension of  complexity 
that impacts the QoS and especially the latency when 
changing the point of  attachment from one to another 
especially when the case of  vehicular over TI is considered. 
The delay of  handover would influence on the type latency 
of  communication, position based solution can be considered 
as best solution of  such kind of  problem.

Artificial intelligence algorithms can be considered in each 
step of  the design of  any resource allocation, or orchestration 
in the core network. The main interested domain to be 
combined with is the enforcement learning or the process 
of  learning, since the haptic behavior is repetitive and does 
not need to generate new action to deal with the motion, 
therefore, solution based on learning would be an interesting 
area to investigate.

Anticipatory network is also an option to decrease the 
latency using some principle such as context, prediction, 
and optimization. By anticipatory network, the context 
information will be studied then through past and present 
information, a prediction of  the behavior will be achieved, 
and then an optimization is carried out to meet the 
requirement of  any application. This would be useful in the 
case of  TI especially improving the QoE of  users who are 
involved in the haptic communications Bui et al. (2017).

8. CONCLUSION

The TI can be considered as the next step toward new 
paradigm of  communications, technologies, applications, and 
services. However, new challenges in deploying its use cases 
and scenarios will be raised in terms of  reliability, low latency, 
security, and QoS. The main issue that we are interested in 
as a min subject of  this article is the low latency that is one 
of  the most important requirements for TI’s application. 
We are more focused on the critical real-time one which 
needs a fast reaction and feedback from the other end of  
the network. Thus ensuring an ultra-low latency for the TI 
is imperative. The framework, technologies, methods that 
enable a guarantee for low latency are explained in details 
and a brief  direction of  research work has been introduced 
to give an overview on the most recent progress in this area.
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The most recent technology which will enable TI especially 
its haptic applications is the 5G network which is expected 
to be standardized in 2020. This is due to the functionalities 
that automate and utilize the resources in the core network 
in an efficient way just like SDN and NFV along with its 
combination with multi-access edge computing to bring the 
cloud near to the users to reduce the latency. The automation 
is also represented by adding on the top of  the functionalities 
of  5G some methods of  artificial intelligence especially the 
learning one since almost all haptic applications are repetitive 
ones.

TI is still in its beginning and research works just started 
to address the main issues facing its deployment using 
the current technologies, communication, and protocols. 
The main conclusion of  this paper is that, to enable TI, 
modifications should be achieved in the RAN, core network, 
communication protocols in the different layers of  the 
protocol stack. In our future work, we will tackle all the 
aspects related to the ultra-reliability which is another critical 
requirement to be fulfilled in TI.
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