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Abstract

He demand for Cyberphyscal computing requirements beyond 4G spectrum such as

increased capacity, low latency, energy efficiency, resource provisioning, reliable data rate,

and overall quality of service (QoS) has fuelled the fifth generation (5G)dtag network
innovation. The werall benefits of Cloud computing, Internet of Things (loT), Edge computing (EC)
and the recent Osmotic computing (OC) cannot be satisfied without an efficient relay cooperative
communication domiciled in distributed 5G Fog network. To meet these demdelitsgrate
improvementswere introduced in existing cellular network infrastructuFerst, the papemreported
findingson literaturesurveyof 5G relay communication network architecturelay classification, as
well as parameter selection for devicedevice communication (D2D)Second,Single/multiple
relays for cooperative communication are discussed while presenting perspectives on typical relay
assisted cooperative networkhird, 5G network relay Us€ases and its expectations is highlighted.
Fouth, 5G Fognetwork K-clustering relay algorithm for the proposed relay selecticheme is
introduced forFogdata offloadingMonte Carlo simulatiormodelis used to derive the average data
values plotted in th®OMNeT++ experiment.Furthermore the performance of a two hop relay
transmission scheme in an edgmy scenario isdiscussed Metrics such asThresholddistance,
threshold SINR and threshettistanceSINR techniques are used for the relay selection evaluation.
Resultsshowed that the accuraof the proposed relay selection technique has better performance
compared to threshol8INR, thresholedistance and the threshold SiMigtance techniques for all
the different numbers of user devicéiswas observed that tHeoot Mean Squared Error (RNES of
proposed technique has lowest error relative to other techniggesding data forwardingrhe
researcloffersinsightinto 5GFog distributed network for researchers and industry practitioners.

Keywords:5GFog Networks, Cloud Computing, Machigerning loT, CyberphysciaBystems

1. Introduction

1.1. Background
¢2RI&28Qa ¢ANBfSaa ySig2Nyla INBE NBFOKAYy3I GKSAN fAY.
driven by increased infiltration of smart devices, enhanced hardware and the desire for ubiquitous
high speed connectivity. It is expected that the future 5work will accommodate this network
capacity through enhanced performance, higher data rates and better spectral efficiency. The

loT/everything technology, (includingdge, Fog, cloud and Osmotic compujifgs given rise to
massiveobjectsconnecivity. Thiswill contribute to the demand for more spectrum and bandwidth.
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To cater for this, millimetre wave (mmWawvegtwork (n the frequency band of 20100 GH}yhas

been proposed as a viable technology for 5G communication sgsféin The challenge with
mmWave network is the high rate of propagation loss and signal blockage which lowers the data
rate. Technologies like beafarming and directive antennas have been proposed to tackle these
issues. Though directive antennas are designed to mitigate propaghiss, they leave another
problem of signal blockage. Bedonrming is employed to partially rectify signal blockage but
consumes significant time during neighbour discovery. Relay selection schemes help to reduce the
propagation loss as well as the sighlmickag issues in mmWave network [2].

Cooperative communication (CC) \Ragrelay selection is one of the requisite techniques to
improve coverage, network capacity and reduce power consumption in the network. Its success
however hinges on the selectioof the best relays for the network considering the dynamic network
requirements and varying user needs.

Different relay selection schemes have been proposed by researchers to improve system
performance, but one point that has multiple views is, the bmgihber and kind of parameters to be
applied in the selection process.

Also, most of the existing schemes have been based on 4G networks and employ fixed, single
parameters for relay selection.

In addressing this, a twphaseFogreelaytransmission isansidered in this work. The first phase
200dzNB 0SisSSy (KS &a2d2NDS FyR (KS OFYyRARFGS NB
NEflégaeédd ¢KS aSO2yR LKIaS 200d2NB 06S06SSy GKS N
theseleciond GKS aoSad NBftl&¢ F2NI ONIyavYAaairzysz 2N
spatial multiplexing. This work focuses on the first transmission phase, and makes few significant
contributions within distributed 5G Fog network. First, an inteligand dynamic relay selection
using kmeans clustering is proposed to group users based on the available features. This assumes
that relays and nomelays form distinctive clusters in the feature space. The algorithm is then
compared with fixed parameterelay selection using the distance and sigioainterferenceplus
noise ratio (SINR) parameters.

While the idea of integrating relays in a cellular network is not new, only recently has the study on
the advantages and requirements of DevtoeDevice(D2D) communication in 5G cellular networks
gained grounds. The D2D or device tier network allows mobile devices to act as transmission relays
forming a large adhoc network with spatial diversity benefits [3]. The current 4G network standard
already hasritegrated fixed terminal relaying to achieve cooperative communication. The fixed
relays, or base stations which boost coverage, will not be sufficient to meet the mobility needs of the
5G network users. To take full advantage of cooperative communicatievices such as mobile
phones, laptops and tablets must be included as relays.

The concept of D2D communication was introduced to help offload data from central base station
(BS) by creating a direct communication link between nodes. D2D has been ienexish
technologies like Bluetooth and Wi. However, for cellular network, the serving base station
(eNodeB) has historically been the central point of communication and radio resource sharing.

With Proximity Services (ProSe) and Release 12 introdocgdl Generation Partnership Project
(3GPP) [4], the User Equipment (UE) can discover and communicate with other UEs with limited
involvement of eNodeB [5]. In the 3GPP, items included are support for Proximity Services (ProSe),
MBMS enhancements, Maclgtio-Machine (M2M) applications, Self Organizing Networks (SON) and
interworking between HSPA, Wi and LTE [4].

In 5G networks, there will be an increase in context aware services, location discovery and
communication with neighbor; the number of indoservices is expected to be four times more than
outdoor services [3]. The availability of device relaying will help to reduce the cost of communication
in such settingsi-og elays act like proximity service providers that enable energy efficiency, spectra
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efficiency and reuse of frequency. Relmssisted D2D communications have been suggested to boost
the coverage and the transmission capacityaafireless network6], [7] and [8].

The main research trust focused bow Fogrelays should be selected toneet the dynamic network
requirements ofa 5G Fog distributed networihe specific questions are listed betow

i.  What parameters should be used for selectiagrelays?
ii.  What optimal number of parameters would ensure effici€aigrelay selection?
iii. When s Fogrelaying actually necessary?

1.2. Research Contributions
The research contributions in this paper include:

i. To highlight the current relay selection schemes in existailylar and aehoc networks.
A critical evaluation of relay selection capabilities and its limitations with respect to 5G
network is presented.

ii. To Study the benefit and expectation of relaying in 5G netwdfkowing the ongoing
efforts to set up a stadard for 5G networks, the expectations of data rate, spectral
efficiency and bandwidth will determine the requirements for a 5G Fog relay. This work
seeks to achieve this objective by comparing the state of the art in present relay assisted
network with the 5G network.

iii. To evaluatd-ogrelay selection scheme for 5G Fog network usirgjuktering algorithm.
In this regard, théasic knowledge of machine learning (ML) algorithm will be applied to
design 5G Fog relay selection scheme. Network simulator saffwamnet++ will be
used to generate data required for the ML algorithm. The performance of the proposed
algorithm will be evaluated in terms of its accuracy and mean squared error against
other selection techniques used in previous literature.

The paper is organized as follows: Secti®nintroduces a summary of relay selection
schemes/classifications. In secti@) we propose a relay selection framework involving -Bata
offloading for devicecentric transaction in a dynamic Fog network scemaBiectiond, describes the
performance evaluation metrics considering the 5G Fog model for proposeebis technique with
SVM as well as other selection policies. SecBpmlescribes Omnet++ experimental result with
discussions. Conclusion and futurieedtions is made in Sectidh

2. Relay Selection Schemes
2.1. Relay Classification in Wireless Networks

A relay can be described as a node which receives signals from base station (or eNodeB), amplifies
and sends it to the user equipment [9]. The 3rd Generation Partnership Project (3GPP) has defined
two types of relays based on the control mechanism, nantgbe | and the type Il relays as shown in
Figure 1. The type | relay functions like an eNodeB and aims at improving coverage. The relay
performs its own resource allocation and communicates with the host eNodeB through a wireless
backhaul [10]. Types Ielays focus mainly on improving capacity and are suitable for multicast
cooperative network. These relays are fixed terminal relays which are less adaptable to the 5G
cellular network environment. For the 5G network, there may be cases where fixed remys a
unavailable in a network and mobile users act as relays to reduce the cost of deploying infrastructure
for fixed relay stations. Also, the increasing context aware services that require location discovery
and neighbourhood communication makes deviceayglg a more desirable consideration for 5G
network. Relays have been classified in literature based on several attributes like device type,
capacity, function, selection technique, as summarised in Taldleefiending on the type of device
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the relay can B a mobile relay station (MRS), fixed relay station (FRS) ofagsested relay. In user
assisted relaying, the idle UEs serve as relays, thus providing more flexibility than the fixed relays and
reducing the cost of RS deployment. Elkotby and Vu [11lyaed the systerwide performance of
userassisted relays when deployed in a cellular network.

- Direct Cellular link

Relay link

Figure 1: 4G Relay network.

Relays have also been described in terms of the deploymemntext In outdoor environmers,
users at cell edge have less thghyput due to pathloss between the UE and eNodeB. Examples are
users living in rural areas or locations where the coverage of the network is low. In indoor setting,
several nodes communicate with each other as a mobile ad hoc network (MANET), e.g. a home
entertainment system or a smart home network. In a heterogeneous network (HetNet), a small BS
can act as relay serving a small cell or coverage area. The relay is similar to the specified 3GPP type |
relays due to its function as an eNodeB (eNB) servingwitBm its coverage and communicating
with the macro BS serving the bigger network. Table 1 summarizes wireless network relays based on
classification attributesand descriptions.

Table 1 : Relay classification for wireless network [12].
Attribute Classification Description References
Device type | Terminal relay Low power base station e.g femtocell, eNodq Tehrani, Uysa
picocell and
Yanikomeroglu
Device relay User equipment e.g. smartphone, laptop, tablet [l
Frequency In-band BSRelay linkand Relaydestination link on sam¢q Chen and
carrier frequency Zhao[13]
Out-of-band BSRelay link and Relagestination link on different
carrier frequency
Mobility Fixed Relay is fixed at a location e.g small cell RS Nomikos,
Skoutas, anc
Mobile Relay is mobile e.g cell phone, vehicles Makris [14]
Number of| Multihop The destination UE receives information from t| Fantini  Sabellg
hops source link and the relay link and Caretti [9]
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Two-hop The destination UE receives source message
throughthe relay link
Transmission| D2D UEs act as transmission relays for each other Ma. et al. [15].
mode
Cellular Relay is a small cell BS
Location Transparent Located within the coverage of the BS Bhute and Rau
[16]
Nontransparent Located outsidehe coverage of the BS
Selection Threshold Based on threshold value of parameters Onat et al. [17].
technique
Intelligent E.g. dynamic threshold and Fuzzy AHP, Mac| Lu, Chiu ang
learning Chen [ 18]
Number of| Single A singleparameter is considered during selection | Ikki and Ahmed
selection [19]
parameters
Multiple Several parameters are considered during selecti¢ Mishra, Pandey
& Biswash [20].
Selection Network-assisted | Base station / eNodeB decides the relay Sankhe et al
decision [21].
maker
Devicecentric Device decides Mastronarde et.
al [22].
Forwarding | Amplify-and- Relay amplifies received signal and forwards| Yang et al. [23].
scheme forward destination in 2¢ phase
Decodeand Only relays which correctly decoded thsource
forward message can participate in forwarding
Optimisation | Random relay Selection strategy does not require feedback | Deng and Kleir
channel state information (CSlI) [24].
Best/optimal relay | The relay having the max/min value of a link quaj Kara et
isselected al.[25],[42]
Deployment | Proximity A D2D relay UE assists a D2D pair to communica| Da Silva et al.
scenario communication
Coverage/range | A D2D relay extends communication from a UE
extension the eNodeB

2.2. Choosing Relay Selection Parameters in Wireless Networks

Several techniques for relay selection based on varying parameters have been proposed in
literature. Table 2 summarizes the various parameters that relay nodes have been chosen against,
their selection method, objective and limitations. In mostases the selected relay(s) may be
required to fall within a given threshold or may be selected based on maximum/minimum value of a
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parameter among a set of other relays. Some commonly used metrics for relayiaelare signal
to-noise ratio (SNR), SINR, data rate, throughput, energy efficiency, and reliability.

One prevalent research problem is the decision on which parameter(s) is best suiteagfetay
selection. Most authors have considered relay setecthased on a fixed parameter. In a case of a
best relay selection, the relay will possess the maximum or minimum value of such parameter among
all available relays. In [27], a distardgased algorithm is proposed such thaetrelay closest to the
destindion is chosen as the optimal relay. Howevilile use of distance alone to choose relay may
not be effective and does not reflect channel state information (CSI) as differences in received
aA3dyl f-fodoisg faby(SNR) may result from attenuatiohadowing and interferenceThe
authors in[17] performed relay selection by comparing soureéay SNR or destinatierglay SNR to
the threshold SNR. However, for a tliop transmission reliability is not guaranteed where the relay
resides at distanceasymmetrical to source and destination. The threshold based relay selection also
has its own limitations. Using distance threshold for instance, the algorithm can select a relay node
closer to the source but farther from the destination for a tvop tranamission[28].

Considering the Figure 2, if UE1 has higher SNR than UEZ2, it will be selected as a relay, whereas it
is closer to the source and farther from the destinatitm[29], the authors found outhat given the
nature of 5G network with dynamic heork scenarios and varying user needs, a single parameter
cannot fulfil the user requirement. In their work, they applied a weighting method to decide on the
best relay using multiple parameters (SNR, SINR, data rate, throughput, buffer space, energy
efficiency, and reliability).

o, - —

L ~ Source

] uea
W L] uez
O

Destination

o Dtota I -

S i i e

Figure 2: Problem with Threshold Relay Selection Method.

The weight was assigned to each parameter based on the application and network scenario.
However, the network scenarios discussed in [29] are in ho way exhaustive ppiGations, and
may thus prove inefficient for outlier cases. Also, it may not be realizable to have all these
parameters available to the network in all scenarios. Table 2 outlines the efforts based on relay
selection parameters.
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Table 1. Different parameters for relay selection

References Parameter Measure Number | Selection method Benefit/ Drawback
of relays objective
Onat et al. 2010 SNR Threshold | Single Destination  selecty To minimizes thg Complexity of
[17] relay with best relay| endto-end bit| end user is
destination SNRat | error rate (BER) o| higher, more
second phase threshold power
relaying consumption
Qin and Xiag SINR Maximum | Single Source user select] considers the| Hard (if not
2016 [30] relay with highest| presence of the impossible) to
predicted SINR ove co-channel measure the
the source to relay| interference exact SINKR
link value.
Nourizadeh, H.| Signaito- Maximum | Single Mobile station séect | Improve system| optimizes
Nourizadeh, S| Interference among the RS withl performance performance
and Tafazolli Ratio (SIR) whom it experiences based on UE no
2006 [31] the highest SIR. considering the
overall system
performance
Sankhe et al] Bit-Error Minimum | Multiple | eNodeB selecty To find good end Overhead due
2015 [21] Rate (BER) relayswith minimum | to end path to processing of
BERamong the a large volume
predicted willing of  preknown
users to form & data
virtual MIMO
Wang et al.| Received Strongest | Single Two-hop To improve link] Can reduce
2008 [32] Signal transmissioradopted | reliability system capacity
Strength to deliver data if the in two-hop
RSS from RS transmission
(RSS) stronger
Hajjar et al.| Pathloss Similarity | Multiple | KKmeans clustering Better than| Contributes
2017[33]. used to cluster nodeq distance as it little in affecting
based on their path| gives better| diversity
losssimilarity estimation of the| multiplexing in
link quality high SNR
system
Chen, M et al| Distance Minimum | Single Relay closest to th¢ Smaller endo | Does not reflect
2009 [27] destination is chosen| end delays,| CSI
facilitates fast
and reliable
packet delivery
Yang et al. 201( Energy Minimum | Single BS selects rela] improves energy Does not
[35] consumptio which minimizes| efficiency consider the
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n energy consumption overall system
performance
Mishra et al.| Buffer space| Threshold | Single Device chooses th{ Considers buffef More  battery
2016 [20] best relay for D2D that reduces the| consumption,
network interference,
throughput due to
dependency on
multiple devices
Mahama  and| Throughput | Maximum | Single No CSI required & to achieve better| Selection must
Asiedu 2017 source or relay node| effective occur at optimal
[36] Depends on theg transmission rate | relay bcation to
Distances from maximize  the
source to relay ang system capacity
from relay to
destination

2.3. Single Vs Multiple Relays for Cooperative Communication

Most of the relay selection techniques considered in literature deals with selecting a single relay

among multiple users. In a twphasetransmission, the source node first selects the relay from a

group of UEs, and the relays subsequently forward the source information to the destination in the

second stage as illustrated in Figure 3. Selection of an optimal relay has been shown to faghieve
diversity such as is achievable through multiple relays [37].

On the other hand, some researchers have proposed the selection of multiple relays in a network.
Three majorapplication scenarios of multiple relays have been identified from studies. One, the
relays can be used to forward the same message from the source to destination in order to improve

Phase 1

——————————

Source

Destination D User

D Relay

Figure 3: Single Relay Selection lllustration in Faap transmission [37].

transmission reliability and achieve cooperative spatial multiplexing. [B&0, the selected relays,
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can act as cluster heads thugh which communication is established between the source tard
other UEs in each clust§33]. Figure 4 shows the interaction between source, relay and destination
for the three scenarios in (a), (b) and (c) respectively.
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Source D Relay

D DestinationD User

Figure 4: Multiple Relay Sektion lllustration in Twéop transmission.

2.4. Typical Relay Assisted Cooperative Network

A typical 5G relagssisted network consists of fixed and mobile relays as shown in Figure 5. The
main scenarios for proximity communication and coverageension are illustrated. The UE2 is at
cell edge and RS2 serves as a coverage extension relay station that transmits information from
eNodeB to the device through cellular links. UE3 can communicate with UE4 via D2D links. Fixed relay
stations are placeas cell cluster heads relaying messages to a group of UEs within its coverage. The
cells can be micro cells, pico cell or femto cells as applicable in 5G network. The network supports
singlehop and multthop D2D communication between sourdestination &D) or direct
communication with base station when in cellular mode. UE5, UE6 and UE7 engage in multihop
communication via D2D links. Through this cooperation, a virtual MIMO can be formed for coverage
extension through base station distributed bedorming[18]. RS1 is a 3GPP type | relay station (RS)
as it is used for proximity communication while RS2 is a type 2 relay for coverage extension to UE2.
The eNB is responsible for resource allocation to smaller relay stations and UEs linked to it.

m eNBosEEE e a0 00 0 mmm———— D2D link

Direct Cellular link

RN assisted Cellular link
Muitihop D20 link

A/ &

Figure 5: 5G Network and Cooperative Communication lllustration.

2.5. 5G Network Relay Use Cases

The authors [6] opined that D2D quality is affected by the distance and quality of D2D link. The
authors show that relay assisted transmission enhanced performance of the network in terms of its
transmission capability and power efficiendy.[39] the auhors presentedmassive multiplenput-
multiple-output (MIMO) and mmWave communication as key technologies for the deployment of 5G
cellular network ultradense network and identified a need for a new multihop relaying scheme for
this network. Most of theeommunication in 5G network will be indoor, increasing the need for relays
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in the network. The limitation in the use of MIMO in current 4G network creates a very good case for
virtual MIMO formation where relaying becomes necessary to achieving virtuagdisgaersity. With

an expected exponential increase in the number of users of mobile devices, the distance between
users will decrease, creating a thriving environment for D2D relaying. UEs at cell edge will benefit
from this type of communication withdwneed for extra infrastructure.

By dividing the communication link into shorter distances, relays help to achieve an overall
improved capacity and distance gain. They reduce the cost of deployment of macro base stations and
help to overcome obstacles inmWave network. Relay nodes help to improve coverage by ensuring
high SNR for UEs at cell edge. Thus, relays should be placed in optimal positions where the UEs will
benefit maximally and where coverage radius will be increased.

In [40], the authorsanalyzd the twofold gain of D2D communication; one, the shedding of
downlink cellular traffic to D2D; and two, the reuse of uplink resourcgd.1], the workdescribe the
usefulness of relay when communicating with devices at cell edge to improve netwogkagev
area. It is clear that the mobile Ad hoc type network configuration, specified for the 4G, is expected
to become a key component of the 5G network. This network, arbitrarily formed by mobile nodes,
can operate as a standalone or a part of a largewoek. As a standalone, the nodes engage in D2D
communication and do not need the assistance of eNodeB. To extend communication to devices
outside the network range, a relay node is required. Based on the features outlined in Table 3, the 5G
network relayis likely to see increasing number of devaantric, mobile, intelligent and multiple
parameter relays capable of D2D communication.

Table 2. Expectations for a 5G relay network

Expectations Motivation References
Largescale deployment To improve the coverage an Ma et al. [15]
throughput
Shortened communication range Ubiquitous use of smar
terminal devices, mmWavs
network

Increased interaction frequency betweg Wide use of smart termina
users devices

Selectionbased on multiple parameter|{ Better solution for energy Mishra, et al. [20]
e.g SINR, SNR, reliability, buffer spg efficient and reliable
residual battery power communication

Larger number of relays 90% of future communicatiof
will be indoors

Virtual spatial diversity achievabl Physical limitations in use q Kara et. al. [42]
through relays multiple antennas in curren
MIMO systems

Virtual cell formation Reduce frequenthandovers | Sankhe etl. [21]
mitigate interference and high
channel capacities
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2.6. Cooperative Communication Network Deplyment Models

Furthermore, research on thsimulation of practical deployment scenarios for relaying in 5G
network is still in its infancy, with most being more focused on coverage analysis for mmWave
network. In [26], the authorsproposed a scheme to improve energy efficiencyatiular network
using D2Bcapable relays in two scenarios, namely proximity communication and coverage
extension. In the former, the D2D relay assists communication between a D2D pair; while in the
latter, the relay transmits data coming from an eaftrange UE to th@NodeB The paer [46] used
global network information from the nodes to determine the appropriate relaying hops. The
information contains distance between nodebrection of antenna and traffic load. Swain et al.[47]
consideredseveral D2D and orthogonal cellular usemiformly distributed around theNodeB A
hundred UEs were selected and the throughput was compared against selected number of users for
both cellular and D2D links. Andreev et al. [48sumedthe transmitting users are uniformly
distributed within acircle. They focused on an area of interest where a set of D2D and cellular users
are colocated in a small region of radius 100m. They perforriesir evaluation using Omnet ++
simulator. Bhushan et al.[49] illustrated a traffic offloading scenario wleemevice with better
geometry to theeNodeBis selected as a relay.

Few of the research on cooperative communication have applied Omnet++ network simulator for
model design or evaluation. Hahner et al. [50] designed a network where UEs can engage in
multihopcommunication using route discovery service maintained ateiNedeB Sliwa and Wietfeld
[51] designed a network model for mobile robotic networks using smarm of autonomous agents
performing exploratorytask in a defined mission area. Similar tésttvork, Mishra and Pandey [20]
applied Omnet++ for mode selectiondynamicnetwork for 3 scenariog cellular mode, D2D mode
and CellulaiD2D mode. Using SimuLTE, an Omnet++ based simulator, Vallati et al. [52] demonstrated
how D2D offsets the load on iamocell and reduces application delay compared to a Device to
Infrastructure (D2l) scenario in a smart home 10T deployment.

2.7. Consideration for Machine Learning in 5G Cooperative Communication (CC)

Since requirements for relaying in 5G is more complex than in 4G, it is advantageous to develop a
network that can adapt to different network scenarios in 5G netwd@kmplicatedenvironment
which cannot be explained via simple mathematical models willireqcomplex algorithms for
which machine learning can provide low complexity estimations, Alsheikh et al. [53]. Several relay
selection algorithms have been proposed in previous research. However, most of the algorithms and
models consider a poirb-point communication model consisting of a single source, relayand
destination. These rules and algorithms do not consider the mobility of users and the cooperative
nature of future network where interactive decisions will need to be made by base statiohsrbot
the uplink and downlink transmission (Wickramasuriya et al. [54].

A common research problem is in determining the best approach and entity to run the algorithm.
Lu, et al [18] chose the candidate relays to run thefpagned support vector machine&S{yM) so as to
determine whether to participate in packet forwarding or not. In [42], the decision isfblebusing
received SNR as a measure of link quality. First, 4Rdiisk quality is weighed at the relay and those
received SNR is above a given thiad are added to a decoding set. Then, at the destination, the R
D link quality is evaluated and the destination selects the relay that gives the highest received SNR
value.Lets look at various ML approaches for 5G CC

- Support Vector Machine
Support Vecto Machine (SVM) is a supervised ML algorithm which is used to resolve classification
problems. It has been widely studied for different application areas in cooperative communication.
Using SVM, Wickramasuriya et al. [54], predicted the optimal next bidmrs a mobile user
associatedwvith based on Received Sigréttength(RSS) values. Michaelis et al. [55] predicted the
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next cell that a mobile node would connect to using actual data recorded in the Lake Geneva region.
Lu et al [18] evaluated the capahbjl of candidate relays to forward packets using 100 stationary
nodes placed randomly in a 1kiy-1km square area. After training the SVM algorithm with the data,

the relays for video streaming are selected fioultihop communication. Huang et al. [23],qposed

a model to add a learning design to cognitive radio engine based dfrBitRate (BER), SNR, data

rate and modulation mode. Trained data for the SVM algorithm was based on 3 models: flat fading
model, deep fading model, and no fading model. Zhamd) Zhai [56] applied ML in Spectrum sensing
using SVM to classify a new user asa primary user or not based on the received signal parameters:
circulation prefix processing, carrier, repeatability extension and pulse sequence.

A few authors have congged SVM with other supervised learning algorithms like Artificial Neural
Network (ANN) and have found SVM to have a better performance. In Sankhe, et al. [21], the paper
used SVM and ANN methods to select the number of mobile users (relays) willingageeinga
cooperative communication after which the best relay was selected based on BER. The willingness is
considered as a class label while the battery power, time of day, and incentive offered by service
provider are used as features. An artificial dagt(with 50 inactive users assumed) was created to
test the algorithm. The SVM outperformed the ANN algorithm with higher accuracy and less mean
square error.

- K-MeansQustering
K-means clustering is an unsupervised learning algorithm used for groupifegt®bbased on
similarity. Most of the studies on the application efrleans clustering in wireless communication
has been in wireless sensor network, where the algorithm is modified to form cluster heads and the
cluster heads act as relays that route fraffrom the source node to the destination. One of the few
researches on the application ofnkeans clustering in a devitier 4G/5G network is the work of
Hajjar et al. [33], where-kneans was used to select the cluster heads for relaying, as in Egite
the outer cell, the Kneans is used to cluster cells based on their gafis similarity. At the inner cell,
selection strategy is used to maximize direct link association. To relay its message to the source, the
unconnected user (slave) chooses aig¢he cluster heads, which now serves as a relay. Cluster head
is chosen based on fixed parametedistance and residual energy; however, these might not be the
best parameters at all times for a dynamic network.

Relay link
Direct link

eNodeB
Slave UE

Cluster head
Cluster

Figure 6: Multiple Relay Selction usingrieans.

The kmeans algorithm can be used for exploratory data mining and prior classification. In the latter,
an unlabelled dataset is first grouped into clusters and labels are given to each cluster for further
classification. A practical example of such worknigntrusion detection systems, wherenkeans
clustering has been applied for training unlabelled data sets that contain normal and anomalous
traffic. In Minz, et al [57], the authors assume that normal and anomalous traffic form different
clusters in thdeature space. They chose an initial cluster value of K=2, assuming that two clusters of
normal and anomalous traffic are formed from the training data. By this, a new object can be
classified based on its proximity to the centroid of the cluster groéssshown in Figure 7, a new
object P is closer to normal class than the anomalous class and is thereby classified as a normal
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traffic. This is possible via the algorithm in Figure 8. The significance of this algorithm with other relay
selection policies igery critical in 5G cooperative communication context.

Anomalous

Figure 7: Network traffic Classification for k = 2.

Rather than apply only-kneans clustering, which will be tedious for labelling large data set, Yassin et
al. [58],integrated a classification algorithm, Naive Bayes Classifier, which is a supervised learning
algorithm like the SVM.-Kieans clustering was applied to label the dataset, based on the behaviour,
into two classes: normal or attack. This can be descrilseal tgpe of hybrid algorithm which will be
discussed in the next Section. Obvioushméans clustering has proven effective for working on
large dataset. Faraoun and Boukelif [59] applieddans clustering to the training dataset to reduce

the number ofdata samples to be applied in neural networks. Putting this in contexieéns can be

used to preprocess network data in a large network for further application of classification
algorithm. Sankhe et al. [21] proposed an algorithm to predict userswgviiti form a virtual MIMO
o0laSR 2y {+a 2NJ!bbd ¢KS RIFIGFasSh O2yaraida 2F TSI i
incentive amount and a class label for willingness. In a network with large dataset;niears
clustering can be applied to redudhe amount of data required for the classification algorithm
thereby further reducing the cooperative node discovery time. The issue is thatals clustering
cannot deal with categorical features, Jianliang et al. [60], like the day of the week. Twitthethlis,

a unique ID can be assigned to each day. Figure 8 outlinesdiustkring design framework and its
K-cluster algorithm used for relay selection in 5G Fog network (highlighted in Figure 9 and 10).

5G Fog Network Initialization
¥

Parameter Specification

.

Omnet ++ I DataSets
l 4

K-means clustering

!

Relay Assigment

}

New DataSets for 5G
Fog Relay

'

Accuracy —p SVM Validation — Evaluation

¥
Threshold Distance Threshold SINR Threshold Distance +SINR

Figure 8: 5G Fog network -klustering relg design.
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Table 4. k-clustering relay algorithrfor 5G Fog Relay Network

Input: DD A X X X Bod
Output : b , RMSM, Accuracfhresholddistance, threshold SINR and threshdidtanceSINR techniques, etc.

While True,DO
ONJOOa
Forl "Q £DO
O N Yd 0"® ¢ iiniflal Knumber of randomly placed centroid)
0 N §éandmad oo UWOIOE E DOB 0 QREEQE 01 ¢ QQ
O NBi | OB 0 QRE&MOa ¢ QDD O ¢ QQ
0 N dQUEFMOQE 6 N € Q@O Q¢ &
Append U ;
end
T OOa 0 xE NG TE dMO'QE 0 N € Qo @b & QY EXOhai Q
Return
Forl "Q £DO

0O N 0 ¢ "RMSM, Accurac§hresholddistance, threshold SINR and threshdigtanceSINR techniques
Yo YQai@a QoERHBOD OE i aQi | Q¢

end
end 0

TMPTOVE TNe ENCIENTY OT NE SINYIE aigornim Of 10 COMpPENSate Tor 1S JelClency. SV Nas been
combined with other algorithms to form a semipervised learning algorithm aimed at better
performance. Yao et al.[61] proposed SVM algorithm basedmedns clustering @§VM) whereby

the most informative samples are chosen by the clustering method. The authors argue that this
method reduces the séaof training set and saves computation and classification time.

The final training data for SVM becomes the output of the clustering. In practice,-8¥WKhas
gained considerable popularity among researchers for applications like intrusion deteCtam et

al.[62] Shrivastava and Ahirwal [63]. Applyir@¥M in intrusion detection, Shrivastava and Ahirwal
[63] argues that SVM is theoretically better than other classifiers because it requires a small number
of classes during classification whileni€éans reduces the training time by filtering the less useful
data points. When compared to Navie Bayes, th8\MA algorithm showed a better performance
GAOGK gz | OO0dz2NIF 08 O2YLI NBR (2 (G4KS F2N¥YSNDa ynod)
should have preassigned labels. Considering that the 5G network is very dynamic with variable
network and condition and user requirement, it might not be realistic to train the algorithm based on

a fixed number of features. In such a case, an algorithm thatezan the peculiarity of the users in

the networkindependentof the network conditionis required. One of such wé&dhown algorithms is
k-means clustering. Table 5 summarizes the application of the machine learning algorithms in several
literature relating to CC with thesource of data, algorithm tools, amyaluation criteria

Table 3. ML Algorithms and Application Areas in.CC

Application ML Parameter Data source Evaluation Reference
Algorithm
Tool used
Virtual MIMO| SVM & | Class label| Artificial dataset Accuracy: 97.70% Sankhe et al
Formation ANN willingness (yes/no?) (ANN) [21]
Features: battery 97.92% (SVM)
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power, time of day,
incentive offered by
service provider

YIL.{zxtaQ
(SVM); Encog
library (ANN)

Best Relayl ANN Input: The averagq Artificial / Modelling 2dB less powel (Kara et al.
Prediction link qualites and usage [42].
number of relays and 12500 samples  fo
the training and 3125
samples for testing
Optimal Basd Recurrent | Received signg Artificial - Assumes g Accuracy: 98% (Wickramas
Station Neural strength (RSS) value| 6km x 6km road _ uriya et al.
Prediction Network network D223t SQa | [54].
(RNN) Pythonbased
Tensorflow library
Next Cell| Support CSt (i dzZNB a Y | Actual data recorded irf Accuracy: ~80% | Michaelis, et
Prediction Vector position, residence the Lake al [55].
time inside the cell, RapidMiner
Machines | |D of the cell Geneva region
(SVMs) Data Mining
framework
Relay Selectiof SVM Features: Sourcq Simulation data: 10( Outperforms Lu, et al. [18]
For Video transmission  coun{ stationarynode placed| baseline approach
Streaming (ETX) randomly in a 1knrby-
1km square area.
Adding SVM Class label| Actual dataset: 6944¢ Accuracy: >99% | Huang et al.
Learning Modulation training samples anq [23]
Design to 34723 testing samples
Cognitive Radid Features: used for
testing: BER, SNR at
data rate
Spectrum SVM Class label: primary Artificial: 1600 training Better recognition| Zhang and
Sensing user (yes/no) samples, 1000 testing than energy| Zhai [56].
samples detection

Features: circulatior
prefix processing|
carrier, repeatability
extension, pulse
sequence

3. Proposed Relay Selection Network
3.1. Fog-Data offloading

Figure 9Yillustrates our distributed data processing in a scalalbleg-computing environment [64]

The systemeaquiresk-means clustering. Based on the functionatityp cooperative communication

system, users can deplogTidevices at the edge layer which is then connected via a relay cluster to

the cloud. Once the system collects information from the sensorsFitelayer will balancewith
nearby gateways and private cloud$his dynamically conduct data analytics and ifisgate the
network scalability for bandwidth intensive content®ata offloadingis bridged using Fog relay
nodes based on-keans clustering. At the edge, the component for datacessing or analytics
applications offloads data in scalable distributdoud via the Fog gateway$he Fog layer facitites
the management and programing of low latency computing, networking, and storage services
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between cloud provider datacéers and end devices. In addition, it supports user mobility, resource
and inteface heterogeneity, and distnitbed data analytics to address the requirements of widely
distributed aplications that need low latency. In this case, then&ans clustering combines with

relay selection polices such as mlrk selection [65], Successi opportunistic relaying (SOR), [66],

[67], and opportunistic relaying [68]. This is particularly useful in Figure 9 since, the Fog relay arrays
places lightemweight on the IP cloud by defaulting proximity of edge mobile devices. Hence, it offers
load-balancing between the thitlients and the IP cloud considering its localized sites for location
aware services commonly found at the euslers domain.

( Pravider A Public cloug Prnvldeir,E)

Edge Devices ! . r
loT sensors —_ﬂk ! «ﬁ m {r)‘ ‘- 2 -p-:-;..-l.‘. *

Figure 9: ProposedbG Fog networkArchitecture
Figure 10 shows a classical topolagth riverbed modelerfor wireless Fog communicatiomn this
case, the source and destinatiomodesare interconnected by means relay arrays in clusters. The
network edge devices as (sources) and destination gatewagsnunicate to each other directly
since the distance between the source and destination is lower than the transmission range both end
points. TheFogrelay arrays are used to send sensed events between two devices, especially when
distance is a considetian like in 5G domairin Section 4, &avo-tier 5G cellular network is designed
for i) a denselypopulated areaji) moderately populatedareaandiii) the least populated area. The
system model used in this work consists of the eNodeB and the UEs (STAs) similar to Figure 6. The
eNodeB serves as the base station and resource allocator. It is assumed that UEs can communicate
via two modes, namely cellular moder cellularD2D mode. In the cellular mode, the user
establishes uplink and downlink communication with the base station. In the cdb@Brmode, the
user can either participate in a cellular communication or a D2D communication. When the user is in
cdlular-D2D mode, it is assumed that the user is capable of both modes of communication but at
different time slots. In the network, any of the mobile UEs is a potential candidate for relaying,
depending on the network conditions. The experimental discissare presented in Sectigh[ S Q&
look at the typical performance metrics for 5G Fog model.
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Figure 10: Fogrelays for distributed processing in =&nario

3.2. Performance Evaluation Metrics
In the 5G Fog model, performance of proposeché&ans with SVM as well as other selection policies

(previously highlighted) is analyzed using the following metrics:
9 Accuracy: This is tHeG model metric that accesses how effective the algorithm idestifie

the true value of the class label and is given by Equ. 1.
I AAOOAAY—
@
WhereO & the number of true positives (the number of times a user is correctly classified as
a relay);0 iis the number of true negatives (the numbafrtimes a user is correctly classified
as a norrelay); /£#bs the number of false positives (the number of times a user is incorrectly
classified as a relay); fn is the number of false negatives (the number of times a user is
incorrectly classified asron-relay).
1 Root Mean Squared Error (RMSE): This is 5G Fog model error metric used for numeric
predictions, hence serving as accuracy measure in the network.

2-3%
2

Where @ is the actual observed valuesdr is the forecast values.

In this work, the kmeans algorithm is evaluated against other existing relay selection techniques
such as the threshotdistance algorithm and thresholfINR algorithm discussed in Section V. Now
f SGQa  Pheedholdbased teéhBiques for relay selection. For the purpose of evaluating the
performance of the proposed algorithm, the threshalstance, threshold SINR and threshold
distanceSINR techniques used for relay selection are highlighted below.

I Threshdd SINR
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LY @mT863% F (GKNBAaK2fR olFaSR NBtle astSOGA2y Aa
chosen to forward a received message only if the received SNR exceeds a threshold value. When
SINR is used as a measure of link qualitg,reliable relays are relays whose sourely SINRire

higher than a given threshold. They have a lower probability of error and can retransmit the source
signal. One of the reliable relays can then be selected based on thededéipation SINR. Assimg

a time slotted system where the source broadcasts a signal with a given s@mmet, theith relay

node is said to be reliable and can correctly decode the sourcevdaga:

3).23).2

©)

Where SINRis the received SINR and SHNRis the threshold SINR. For evaluation, the SINR
centroid obtained from the #neans clustering is assumed as the threshold SINR.

I Threshold Distance
In this case, the relay capability is assigned to UEs whose distareebove a given threshold.
Assuming a uniform distribution of relays, the cooperative relays can be selected from candidate
relays located within a radius of fixed proportion (threshold) between transmitter and receiver. For
evaluation, the threshold idefined by the distance centroid obtained by thengans clustering.

9 Threshold distance and SINR
The combination of distance and SNR metrics is introduced for relay selection based on the high
reliable relay selection algorithm [69]. The reliable relagesthose UEs which have a higher SNR than
others and reside
within the threshold distanc®y,. These are used in the experimental analysis of the prop&ézd
Fog model.

4. Experimental Results and Discussions

In this Section, thexperimental evaluationn Omnet++ simulation [70]71], [72] is presented. In
context, the performance of a twhop relay transmission schemedsscussedsimilar to the work

[75]. The system consideredlzest relay selectiostrategyregardless of any direct link between the
communicating devices in the edge Fog scenario. OMNeT++ iga€ed discrete event simulator
used for modeling Figure 9while using tuning parameters in [75This DEScomprises modular,
componentbased C++ simulation libramged br buildinga synthesiable network as well as carrying

out empirical evaluationsMonte Carlo simulation concept was enabledrun with average data
valueswhich was plottedin Figure 10 and 11For the CC 5G network environment, the relays are
assigned to each cluster dynanig defaut and hence can change anytime. Tgerformanceof the
proposed relay selection schenmedoneto demonstrate the effectiveness of relay selection strategy
as detained in [12].

As shown in Figure 11, the accuracy of the proposed relay seletgicimique ha better
performance compared to thresholfINR, thresholdistance and the threshold SIMistance
techniques for all the different numbers of UEs. An error metric called Root Mean Squared Error
(RMSE) is shown in Figure 12. The proposeditgak has lowest error relative to other techniques.
The proposed algorithm also improves with lardatasetunlike the threshold based algorithms that

do not show any significant improvement with increasedtaset The k-means clustering
significantlysegmened the netwokdata into groups based on themilaritybetween the dataln this

case, the Fogluster contains data points with similar attributes. The similarity between data points
is measured by the Euclidean distance. The performance odégtadlished algorithm is affected by

the initial selection of centroids and the value of K. The process is iterative in that it continues until
there is an insignificant change in the sum of squared distances between the points and the centroid
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Figure 10: Accuracy metric comparision in S&grelay.

RMSE

—— Threshold SINR

—+——— Threshold Distance
Threshold Dist+SINR

——— Proposed technigue

e0 o 80

MNMumber of UEs

20 pinn

Figure 11: RMSE metric comparision in 5G felgy.

For the three scenarios, the proposed technique offered better performance in terms of acéoracy
terms of datastreams fordwardinglearly, the5G Fog network cannot survive traffic demaras

data offloading requiresatisfactoryQoSparameters based on user demands and network situation.
So far, this work has shown the apparent need to design an efficient relay selection modelFog5G
networks. Based on the performance requirement of the network and its expected usage and data
rate demand, the mobile industry needs to save cost, and time required in cooperative
communication. This work provides a good ground for further research in theatitlizof machine
learning algorithms for 5G network applications where improvement can be made to existing

algorithms and protocols.

5.Conclusion

In this paper, attention was given to an efficient relay selection in Multihop D2D communication on a
5G Foddistributed platform. A twephase transmission with a set of reliable Fog relay arrays are
selected for the phasel. Using dataset simulated in Omnet++ environment, a natural grouping of

7

Y20AtS dzZaSNBR 6l a RAaAO2OUSNBR

69 4 RIS 128/ ENBAE S NE OF RS 16

reducing the number of relay nodes for the second transmission phases. In this case, an intelligent
and dynamic relay selection usingrieans clustering was proposed for further communication. The

best relay selection, impves the QoS. Furthermore, to show the

efficiency of the proposed scheme,

Monte Carlo simulation analysis was employed to ascertain the success of the appropriate relay

selection for QoS. By using thelkistering optimization algorithm,

we identifiedelparameters for
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relay selectionstrategy Future work will focuson different scenarios for 5G Fog retawhile
generating appropriate datasets for algorithm validation using parameters such as SNR, data rate,
latency, throughput, energy efficiency, and reliabilitheuseof SVM algorithmas a validation tool

to evaluate the accuracy of the proposed desémainst these techniques. Aldeeed Forward Errer

Back Propagation Neural Network [73] will be compared with SVM WBasj Channel Quality
Indicator BestCQI), Round Robin and proportional fair techniques ,[78] A contextual
cyberphyscial applicatiofor 5G fog relay will be presented in a future research.
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