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Abstract

In the near future, it is expected that there will be billions of
connected devices using fifth generation (5G) network services.
The recently available base stations (BSs) need to mitigate their
loads without changing and at the least monetary cost. The
available spectrum resources are limited and need to be exploited

in an efficient way to meet the ever-increasing demand for services.

Device to Device communication (D2D) technology will likely
help satisfy the rapidly increasing capacity and also effectively
offload traffic from the BS by distributing the transmission
between D2D users from one side and the cellular users and the
BS from the other side. In this paper, we propose to apply D2D
overlay communication with cognitive radio capability in 5G
networks to exploit unused spectrum resources taking into account
the dynamic spectrum access. The performance metrics;
throughput and delay are formulated and analyzed for CSMA-
based medium access control (MAC) protocol that utilizes a
common control channel for device users to negotiate the data
channel and address the contention between those users. Device
users can exploit the cognitive radio to access the data channels
concurrently in the common interference area. Estimating the
achievable throughput and delay in D2D communication in 5G
networks is not exploited in previous studies using cognitive radio
with CSMA-based MAC protocol to address the contention. From
performance analysis, applying cognitive radio capability in D2D
communication and allocating a common control channel for
device users effectively improve the total aggregated network
throughput by more than 60% compared to the individual D2D
throughput without adding harmful interference to cellular
network users. This approach can also reduce the delay.
Keywords
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1. Introduction

A huge number of connected devices are expected to
use 5G network services more than in previous years, and
demand for higher data rates to support next-generation
applications is also growing. However, with D2D
communication and other technologies, 5G networks are
expected to meet this demand [1]. 4G networks will likely
be replaced with 5G networks With the technology of
advanced access named Beam Division Multiple Access and
non and quasi-orthogonal or Filter Bank Multicarrier
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multiple access [2]. These 5G networks are characterized by
three features: low delay, ubiquitous connectivity, and high
speed data transfer. Moreover, they will likely provide a
connected intelligent transportation system and tracking
services and also produce energy-efficient and secure
communication at a low cost [3].

The first four generations of networks dependent entirely on

the BS and hence called network centric. Conversely, 5G
concentrates on D2D technology, which is controlled by the
device itself and is called device centric. In general, 5G is a
collection of many technologies such as Cognitive Radio
Networks, D2D communication, Mm-wave communication,
Massive Multiple Input Multiple Output (MIMO), and
Visible Light Communication [4].

D2D communication is one of the essential parts of the
upcoming 5G system used in cellular networks. Basically, it
enables devices to communicate with each other without
using the infrastructure of the network or the BS which is
required in traditional cellular networks, even though the
communicating devices are near to each other. Different
wireless technologies with short-range such as Bluetooth,
Long Term Evolution LTE Direct and you can also use Wi-
Fi Direct to enable such D2D communications.

There are two types of D2D techniques in terms of
spectrum usage: in-band and out-band D2D communication
[5]. The in-band D2D can be further classified into underlay
and overlay D2D communication modes as illustrated in
Fig.1 below. In underlay mode, both D2D and cellular users
share the same spectrum resources. For the overlay mode, a
dedicated part of the available spectrum is utilized for D2D
communication and the rest is used for cellular
communication. Out-band D2D communication mode uses
the unlicensed spectrum band and can be classified as
controlled and autonomous. In the former, the D2D radio
interface is managed by the cellular network, while in the
latter, the cellular network controls only the cellular
communication and the wusers control the D2D
communication. To utilize network resources efficiently, we
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must choose the type of D2D communication mode that best
fits the current network situation.

D2D

communication

m
Underlay mode Controlled
Overlay e

Fig. 1. D2D communication types.

D2D in 5G technology is considered to be two-tier
networks[6]: macro cell tier and device tier. While devices
in the device tier allow direct D2D communication hence,
the base station may have a full or a partial control over the
communication among devices. Therefore, both cellular
network and D2D are similar and the only difference
depends on the fact that the devices at the edges of the cell
can perform faithful services we discuss and the devices in
the interference areas within the cell. Therefore, both cellular
network and D2D are similar and the only difference
depends on the fact that the faithful services can be achieved
by the devices at the cell edges and the devices in the
interference areas within the cell. The devices in device tier
allow direct D2D communication hence, the BS may have
full or partial control over the communication among
devices. Thus, D2D communication in the device tier is
categorized into four various types [7]:

= Device relaying with the BS
establishment of link.

controlling

e Direct communication between devices with
the BS controlling link establishment, as
depicted in Fig. 2 (our focus).

e Device relaying with the device itself
controlling link establishment.

e Direct communication between devices with
the  device itself  controlling  link

establishment.

Fig. 2. D2D communication with BS-controlled negotiation.

To overcome the need for high power in cellular
networks and the long distance between devices, some
amount of traffic needs to be offloaded from the BS and the
distance needs to be restricted between devices. Hence, D2D
communication performs such a role.

In our paper, we analyze the performance metrics,
throughput and delay for device users under the given
cellular user activity model and study the effect of different
parameters that cause variation such as the number of Cy.
We utilize a CSMA based MAC protocol that uses a
dedicated common control channel (CCC) to negotiate a
data channel between a pair of Dy. The throughput and delay
are calculated based on that the Dy; can exploit the cognitive
radio to access different data channels at the same time in the
common interference area.

Moreover, the priority queueing model M/G/C is used
to analyze the delay and the Cyy are grouped into a high
priority queue whereas, the Dy, are grouped into a low
priority queue. The two queues are served using CH servers
priority queue is served only if the number of Cy is less than
the number of channels. It is observed that the throughput of
Dy is dependent on the Cy traffic and the aggregated
throughput of a Dy is improved by more than 60% compared
to the individual D2D throughput. This is because the
simultaneous transmissions of Dy using CSMA based MAC
protocol and the delay is also minimized.

The rest of the paper is structured as follows: Section 11
presents the motivation for this study and related works. In
section III, we introduce our system model. Section IV
analyzes the throughput and delay, and section V outlines
the performance results and discussion. Finally, the
conclusion and future recommendations are provided in
section VL.
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. MOTIVATION AND RELATED WORKS

A. Paper Contributions

One of the main solutions for overcoming the problem
of spectrum scarcity can be cognitive radio. A major issue
with cognitive radio is that it needs to take into account the
dynamic allocation of channels, which can degrade the
quality of service (QoS) and increase transmission with high
delay. Therefore, to improve network throughput and
spectral efficiency, it is necessary to provide a higher service
quality of channels. For channel mobility, it takes more time
to spent searching for another available channel which is
considered another performance issue (delay) need to be
solved in 5G networks.

The delay measurement is formulated using queueing
system. We are therefore motivated to analyze the
throughput and delay in 5G networks using D2D
communication according to the above information.

The main contributions of this paper are that we propose to
apply the cognitive radio capability in overlay D2D
communication in cellular networks to exploit the unused
spectrum of cellular users using concurrent transmissions
and the contention between device users is solved using
CSMA-based MAC protocol. The overlay D2D
communication is applied in this paper where the distance
between device users with one hop is higher than a given
threshold distance, and the devices communicate with each
other with link control established by the BS. In the context
of a given cellular user Cy traffic model, we analyze
performance metrics such as throughput and delay for D2D
users using MATLAB and introduce the relationship
between various dynamic parameters. Furthermore, a
CSMA-based MAC protocol is used to help CCC negotiate
data channels selection between D2D users. To the best of
our knowledge, our model is the first model that exploits
cognitive-based overlay D2D communication in 5G
networks using a CSMA-based MAC protocol with a DC to
enhance throughput and reduce delay.

B. Related Works

Fifth generation cellular networks have been an area of
interest for many studies, and at this time there is no exact
definition for them. Researchers emphasize that achieving
the objective of 5G requires heterogeneous networks with
multi tiers. One of the important objectives of 5G is
increasing the network capacity to meet the rise in mobile
data traffic[8]. In previous generations of wireless
transmission, D2D communication was less important, but
with 5G networks, it is expected to gain much more
importance in the upcoming years. It is assumed that 5G
networks will have many characteristics that are not
effectively met by 4G such as a higher capacity, a higher data
rate, better device connectivity, shorter delays, minimal

costs, and consistent QoS [9]. Several D2D communication
studies have been proposed, with consideration for different
metrics such as spectral efficiency, network capacity, QoS,
energy efficiency, bandwidth, and delay.

The authors in[10] have proposed a technique to split
the transmission rate and classify the message into two parts:
public and private. In the public part, the message is decoded
by any destination, but in the private part, the message is
decoded by the destination itself. The authors analyzed the
rate splitting and demonstrated by numerical simulation that
the proposed rate splitting increases cell throughput by up to
65% more when the D2D devices are far from the BS and
near each other. In [11], the researchers discuss the mode
selection problem for D2D in LTE-A cellular networks and
utilize channel measurements from the users to estimate the
transmission rate. By simulation, their proposal increases
system throughput by up to 50% compared to traditional
cellular communication.

In[12], the authors have proposed a virtual
infrastructure method using nodes to improve system
capacity and coverage. All nodes near the BS or within its
range are considered relay nodes, depending on the network
constraints and traffic requirements. Nodes close to one
another are grouped, and the BS serves these groups based
on a round-robin scheduling policy to minimize interference
using Monte Carlo simulation techniques for both the uplink
and downlink. Simulation suggests that the throughput of
cell-edge users can be increased from 150% to 300%, and
coverage can also be enhanced with significant data rates.

The authors of [13] have proposed a scheduling
algorithm to exploit both the random mobility of users and
the time-varying channel in cellular networks. The BS
broadcasts deadline-based content to different groups. Users
in the cell and belonging to the same group communicate
directly within their current lists during a contact period.
Based on the proposed algorithm, the BS dynamically
chooses the number of users to broadcast content to at a
given service rate. The simulation results demonstrated that
the proposed algorithm can enhance system throughput from
50% to 150%, as compared to one without D2D
communications.

The investigators of [15] have implemented D2D
communication in cellular networks, taking advantage of
orthogonal frequency division multiple access and
combining it with distributed scheduling for peer discovery
and link management. In [16] cooperation improves the
D2D communication quality for data off-loading between
the user equipment UEs. The direct links between users are
inadequate when the D2D pairs are far away from each other.
In this type of D2D communication, the network adaptively
decides the communication mode underlay, overlay, or
cooperative relay based on the channel quality and data rate
requirement. The main issue in cooperative D2D situations
is the selection of relay networks, which needs to be efficient
when a large number of relays can be used.



IJCSNS International Journal of Computer Science and Network Security, VOL.24 No.2, February 2024 181

In [17], D2D communication based on cognitive and energy
harvesting has been modeled. The proposed model was
evaluated based on the stochastic geometry, and the
researchers reported that the overall QoS of the cellular
network is enhanced with cognitive D2D communication.
This happens when the network parameters are selected
carefully. The authors of [18] have utilized cognitive radios
with a CSMA-based MAC protocol but in wireless sensor
networks.

In [19], the authors produces analysis of CSMA-based
MAC protocol in D2D communication but not in 5G
network which will be a heterogeneous network with
different bands, and also they utilize Markov process to
model the system operation.

In our work we apply cognitive radio in overlay D2D
communication in 5G network as a heterogeneous network
and analyze the performance metric .

III. SYSTEM MODEL AND ASSUMPTIONS

Our system model and the basic assumptions about
cognitive overlay D2D communication mode in a 5G
network are explained in this section. In our 5G scenario, a
heterogeneous network with different types of services or
networks, such as a vehicle network, cellular network, and
TV network, each with a BS with licensed bands as well as
a Wi-Fi network with an unlicensed band, is considered as
shown in Fig.3. The network is assumed to contain two types
of users: primary users Py and device users Dyg and the
primary user is the owner of the spectrum. The Dy can
communicate with each other through or without control of
the BS and this depends on a given threshold value . When
the distance between two devices is less than or equal to the
threshold value, underlay D2D communication mode is used
where the primary and device users are transmitted at the
same time on the channels. For example, user D; can
connect directly with D, and vehicle 1 and vehicle 2 also
connect directly at the same time due to the distance between
them that is less than or equal to €. Otherwise, when the
distance between Duys is greater than €., then the devices
operate with overlay D2D communication mode with
cognitive capability and spectrum sensing is done by the
devices themselves and link establishment through the BS.
Therefore, both underlay and overlay D2D communication
modes will be utilized in our scenario but our focus in this
paper is overlay D2D mode. For the latter, the D2D pair
cannot communicate directly in the cellular or vehicle
network due to the high distance restriction, which will
likely cause interference and high power consumption.
Hence, we propose that cognitive radio capability be used in
this mode to select the unused channel from other bands
(licensed or unlicensed) not the cellular band itself, such as
Wi-Fi or a TV band, for communication.

We also assume that the device users (Dyjs) are not equipped
with multiple transceivers and do not have accurate
knowledge of the network. In addition, the data channel DC
is dedicated to the Dy and also the Cy have more privilege
of the spectrum than Dy therefore, the Dy senses the
presence of the Cy transmissions dynamically and use CCC
opportunistically and switch to the idle channel of the Cy
transmissions. The network is also assumed to contain Y
number of device users Dys who are deployed within a
communication range of R meters in a given area. The Dy is
modeled in traffic based on the Poisson process and with an
arrival rate ADyy. We also assume X number of cellular users
Cy, with activity modeled as exponentially distributed inter-
arrivals. In this model, the cellular user Cy traffic can be
modeled as a two state: idle and busy process with idle rate
Tidle and busy rate Ty,sy. A busy state represents the period
used by cellular users, and an idle state represents the unused
period. Since each cellular user Cy arrival is independent,
each transition follows the Poisson arrival process. Thus, the
lengths of idle and busy periods (seconds) are exponentially
distributed[20].

Since the arrival of Cy to the channel prevents Dy to
use the current data channel CH, the Dy utilize a CCC
dedicated to negotiating the use of the potential data
channel for transmission between them. The CCC also
coordinates the contention between devices such that
the Dy are aware of their neighbors when using the
current channel.

Fig.3: Distribution of different services in a heterogeneous 5G network.

We assume non preemptive Dyj transmission and the number
of Cy is less than or equal to the number of data channels CH,
which are not fully exploited with Dy. Let us also define
Tiotal> Tsenss aNd Toyrhead Such that Tiopy is the total time of
frame period for Dy to transmit the maximum frame size,
Tsens 1 the time for sensing, and Tyyrmeaq 1S the mean
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overhead time for negotiating the data channel between the
D2D pair (the transmitter Dy, and receiver D), which occur
on the CCC beside the CSMA overhead.

While the throughput of the Dy user depends on the arrival
rate of Cy, the Dy that uses the CCC for transmission also
takes time to transmit on the CCC. Therefore, the total time
available for the data frame is therefore as follows:

Tfl’m:Ttotal‘Tovrhead ~Tsens

Dy can detect its own signal from a Cy transmitter based on
the hypothesis model shown below to differentiate between
unused and used spectrum band [21]:

n(t)+Cy(t) HI if Cy is present
n(t) HO if Cy is absent

Where n(t) is a zero mean additive white Gaussian noise
(AWGN), and both HO and HI are the two hypotheses of
signal absence (no signal transmitted) and signal presence
(signal transmitted), respectively. The output of the received
signal process is represented by (y), which is a test statistics
for evaluating the two hypotheses HO and H1 and is later
compared with the decision threshold € for deciding
whether a primary user exists. From the cellular user activity
model, we can estimate the probabilities of busy and idle
periods as follows [22]:

Dy (t):{

Busy
P = 1
BUSY Idle+Busy ( )

where Pgygy is the probability of the period used by cellular
users and Pyq, is the probability of the idle period and hence,
Piaie = 1 — Pysy. The approximation expression for the
probability of detection Pgyerer over AWGN and the
probability of false alarm Py, is defined below [22].

Pdetct(€) = P(Y > €”‘Il)PBusy = Pgetct - l:)Busy
Pras(€) = P(Y > €|HO)P g1 = Ppais - Prare

The presence of Cy is missing when the Pyete; is low and
consequently the interference with Cy increases. Therefore,
if Pg, 1 high, the probability of false alarm is high and the
number of missed opportunities increases. This leads to a
reduction in spectrum utilization.

A.  Proposed System Using a CSMA-based MAC
Protocol

The MAC protocol is employed by D2D pair users (Dyy)
for medium access negotiation to select the channel that will
be used for transmission between D2D pairs. Therefore, we
analyze the throughput based on this technique, which is
considered a customized version of IEEE 802.11 MAC, and
incorporate the dynamic channel switching that the Dy
needs. In this proposed technique, the Dy utilizes the CCC
to coordinate accessing the data channel among a list of
different sensed idle data channels CH. The algorithm is
described below.

When device DU; wants to transmit to its neighbor,
it first runs its spectrum-sensing algorithm, and
searches for a vacant channel among a list of
channels CH based on lower noise or other factors.
Once it finds an idle channel, it stops sensing and
sends the result to the medium. We assume the
mean sensing period to find a vacant channel is
Tsens-

The DU; adjusts to the CCC and senses the
medium to check its availability. If the carrier is
busy, the device DU; runs the exponential back-off
algorithm, then waits for the random back-off
period.

If the DU; finds the channel idle, it waits for a
distributed inter-frame space period (DIFS) and
sends a request-to-send beacon (C-RTS) including
idle data channel CH;.

Afterwards, DU;j searches for the availability of
CH; if it is idle among the channel list, or it runs its
spectrum sensing algorithm to specify the
spectrum’s state, which takes Tges seconds. This
phase happens after DU; receives a C-RTS beacon.
If DU; finds the data channel CH; busy, it will
prefer the channel CHj, and after waiting for a
short inter-frame space (SIFS) or sensing time
Tsens based on the maximum value of SIFS and
Tsens, it sends a clear-to-send beacon (C-CTS) to
DU; to acknowledge the channel availability of
CHi and adjusts to it.

The DU; receives C-CTS and checks the notified
data channel CH;. If it finds that CH; = CH;, it will
adjust to CH;; otherwise, it runs spectrum sensing
again for CH; and repeats the procedure.

Both devices DU; and DU; are now adjusted to
data channel CH; for transmission by DU;.

If the channel is sensed idle, DU; waits for a DIFS
period and then transmits a data frame of Tg.py,
period; otherwise, it adjusts to the CCC and repeats
the procedure for another channel.

The DU; waits for an SIFS period, transmits the
acknowledgment D-ACK message and adjusts to
the CCC after receiving the data frame.

All devices near the DU; overhear the C-RTS and
do not use the data channel CH;, which is included
in the request beacon. They also overhear C-CTS
and do not use the channel CH; during the
transmission for the next frame.

When a pair of devices (Dy) finish negotiation for
the data channel using a CCC, they move to data
channel to allow other competing devices to begin
negotiation while they are still transmitting. This
is illustrated in Fig. 4 below.
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Fig. 4:Flowchart of a customized CSMA-based MAC protocol.

Iv. PERFORMANCE ANALYSIS OF A
CUSTOMIZED CSMA-BASED MAC
PROTOCOL IN OVERLAY D2D
COMMUNICATION

We measured the performance of medium access in
terms of two metrics; throughput and delay using the
CSMA-based MAC protocol in D2D communication in 5G
network described in section III.A. To estimate throughput,
we computed it for a single D2D pair (Dy) based on the
Cy traffic model and then found the aggregated throughput
for all Dy by concurrent transmission on different data
channels. We also analyzed delay in medium access by
conducting priority queueing analysis, and the Cys were
assigned the high priority and Dys the low priority. The
definition of parameters used in our scenario is listed below
in Tablel.

\\l\(lh (ll|

ves

D2D pair adjusts to
CHi for transmission

Table 1. PARAMETERS AND THEIR DEFINITIONS

Parameters

Definition

rts and cts

The frame delay of RTS and
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CTS, respectively.
CWhin The minimum value of the
contention window

CWhax The maximum value of the
contention window

Teu wait The waiting time of Cy users

ACy The arrival rate of Cy

X is the mean number of cellular

users Cy

Cy (V) The transmitted signal of the
Cy.

Dy(t) The signal received by the Dy.

Yempt Number of devices compete for

a shared channel

A. Throughput Estimation

In this section, first we estimate the throughput for a
single Dy and then for a number of Dy using concurrent
transmission on different data channels CH and based on the
CSMA MAC protocol. From (1), we find the probability of
a channel in busy state for a given Cy traffic model and the
probability of a channel in idle state. It is observed that the
probability of Cy in busy state increases when the number of
Cy increases. Conversely, the probability of busy state
decreases when the number of data channels CH increases.
Hence, the result is Pbusy=(1—Pid|e)X/CH where X is the
number of device users and CH channels.

Before the Dy begins transmission, the Cy; has two cases.
The first case is when the Cy is in idle state, in which the
false alarm for detecting the received signal Dy(t) of the
transmitting Cy does not exist or converges to zero.
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We find the signal interference to noise ratio (SINR) for the
Dy who is the receiver D, as follows: SINR;= % where 1)

is the noise.

The actual data rate when the channel is detected to be idle
is computed as follows:

C,(t)=Blog,(1+SINR)  (from Shannon’s law) (3)

R1(0) = (Prate — Paerer) X ~etai-scts=Tovrhend 5 ¢, (1) (4)
Trotal

From the cellular user activity Cy model, it is possible to
describe the probability that the spectrum band will be busy
throughout the transmission time T as (e""BYSYT), and the
probability of one or more cellular user transitions during T
is (1- e"™BUYT)  When T is relatively short, then during the
transmission period T the spectrum state will not change.
Therefore, the interference is highly likely to remain with
probability throughout the entire transmission period.
Nevertheless, when T is long enough, busy and idle states
happen alternately during T and interference converges to
(Pygie- T) with probability (1- e~Hdle T),

The second case is when the Cy is in busy state, but the Dy
does not detect this due to an error in the spectrum-sensing
technique. Hence, we find the SINR ratio for the Dy as

SINR,= nfgu :

The actual data rate when the channel is falsely detected as
being idle is represented by the probability of a channel in a
busy state minus that of the probability of the channel falsely
detected as idle, Pyyre = (Pgusy — Pdetect) multiplied by the
channel capacity:

&) . 4
RZ (t): Ppurex total s;r::l overhead X CZ (t)
(6)

Hence, we compute the total actual data rate on any channel
in both idle and busy states.

Royran = (1 — e~ T-CH/tBusy X) X Ry +(e—rBusy T) X R, @)

We also have average overhead time, which is the time
consumed in negotiation of the data channel and also the
time used in transmission under the CSMA-based MAC
protocol.

We find below also the back-off delay, which is the time the
device takes when it finds the channel busy, but its value is
changed. Thus, we compute the mean back-off delay
(Tpackofr) 1n a carrier-sensing MAC algorithm as presented
in [23].

M . k .
Tbackoff Zkil Psucc (X:K) % (mm(CWmax,ZZ CWmln)—l)

(3)
Where M is the maximum allowed number of
retransmissions before the medium is considered

unavailable, and x represents the number of retransmissions

suffered by a given frame. The Py, is the probability of a
successful transmission of a packet if a number of devices
Yempe compete for a shared channel in a CSMA MAC
technique. The contention window contains a number of w
slots in the kth trial as shown in [24]:

M 1 Ycmpt-1
Psucc(chpt): chptZkZI é (va (9)
This means that the sum is multiplied by the number of
competitors of the probabilities that a successor selects a
certain slot between 1 and w, which is equal to 1/w, and the
probability that all the other devices select one from (w — s)
later slots. Hence, the mean negotiation delay Tyeg, which
Dy takes on a CCC as an average before starting
transmission on the negotiation data channel CH is
computed as:

Theg=Thackofi TDIFSHT+SIFS+T (10)

As we mentioned before in the CSMA-based MAC
section III.A, a Dy adjusts to the data channel and senses the
carrier and then waits for another DIFS period before
transmission to avoid any interference with transmissions
still in progress. The receiver device Dy, also waits for an
SIFS period before sending the ACK. The overhead time
Tovrheaa is therefore calculated by T,eg + DIFS + SIFS +
T,ck- The Dy overhears RTS or CTS through the negotiation
process and does not utilize the negotiation channel in the
next transmission. However, the interference between
devices is decreased. Thus, when these Dys want to use the
same channel, then either they delay their transmission or
adjust to a different unused channel.

The Dy can simultaneously transmit on the data
channels if (Tpeg< DIFS + Tgy, + SIFS + T, ) and when the
number of any available channels exists and can be chosen
with a pair of devices independently. Then the probability of
the number of competing device users Ycmp, and number of
channels CH is e YemPt/CH 1t depends also on the
probability of the non-blocking of the CCC negotiation to

data channels. The blocking probability is calculated as
Tneg

P block™ DrFs SIS T T and for the non-blocking, it is
rm ac

Pron-block = (1-Ppjock )- Thus, the achievable aggregated
throughput performed by a pair of competing devices Yempt
is computed as follows:

m
2 —_

i
R ovrall € CH

(In

R aggreg” P non-nblock

B Delay Estimation

We analyzed the delay in cognitive overlay D2D
communication using a queueing system with two queues,
one for device user queue (DUQ) with low priority and the
other for cellular user queue (CUQ) with high priority. We
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assumed that the number of servers in the system is
equivalent to the number of channels, and any server can
serve any queue. Hence, the DUQ can be served only when
the channel is empty of Cy, otherwise, the contention still
exists. Let us also define Tyye, Theg, and TDy as the packet
waiting time spent in the queue for accessing the data
channel, the waiting time in the channel contention to
negotiate the data channel, and the transmission time on the
data channel or average service time, respectively. We also
assumed that there are enough channels available for every
pair of competing devices Dy or the number of competing
devices is less than or equal to the number of channels.

Fig. 5 below illustrates the model for the queuing system
in overlay D2D communication with cognitive capability. A
first come, first served (FCFS) system is used for the packets
that arrive according to the Poisson process, whereas the
packet service time is exponentially in the CSMA MAC
protocol. We use the model M/G/C system to analyze the
delay, and CH is the number of channels(servers).
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Fig. 5. Queueing model of D2D communication to analyze the delay.

There are no transmission opportunities for Dyg unless the
Cy signal is weak or the probability of missed detection is
high. This happens when the Cy is in busy state with period
Tpusy- Hence, the Dy waiting time when the CUQ contains
Cy users over various data CH channels is the busy state
probability multiplied by the busy period (Pbusyxrbusy ).

When the Cy has to wait for Dy to complete its transmission
Trem after starting, the waiting time for the Cy in the CUQ is
computed as follows:

TCy X
TCinait:Tfrm—’_ C[I{I (12)

Where X is the mean number of cellular users Cys.

By wusing the little theorem from [25], we have
X=MCyxTcy wair and after calculations and substitution, we
thus obtain the following equation:

_ _Tm
Teu wai =T3¢,

(13)

where UCy is the utilization factor of channels for Cy; and
equal to Tey AC/CH.

Our interest is the delay of Dy hence, we have the waiting
time for subsequent arrivals in the CUQ. We can therefore
introduce the following time in delay. The Dy waiting time
in the DUQ is computed as:

TDinaiL :Tneg+(TDU XT)-’_(TCU ><Y)-’_(IJCU x TCinait)

(14)

where TDy; is the Dy service time and equal to the following:
TDy=Tenst DIFS+T g, TSIFS+T o cx (15)

The waiting time is when the Dy accesses the data channel
concurrently after negotiating on the CCC and using the little
theorem and substitution in (14). In addition, as previously
mentioned, the number of competing devices Yomp: is less
than or equal to the number of channels CH. Thus, the
achievable delay for device users Dys to transmit
concurrently on different data channels after the negotiation
is finished is as follows:

Tcu_wait TeyrCyy ™ Tneg

T = 16
DU_wait 1'TDinait ACy * Yempt 'TCUKCU ( )
By substitution where UCy=T_, XCU /CH and
UDy=Tp, KDU it yields:
UCUT, wait. T Tne
Tou wit =1 op e e an

1-UDy = Yempt -UCy

From the above equation, it is observed that the delay for
device users Dy is based on data channel utilization by the
Cy and the negotiation period for accessing the data channel.

V. RESULTS AND DISCUSSION

In this section, we present and discuss the
performance analysis of our scenario for the two metrics,
throughput and delay. We compute the throughput for a
single Dy using (7) and then calculate the aggregated
throughput for a number of Dy using (11) depending on the
Cy activity model. We use different parameters for Dy and
Cy, as illustrated in Table 1, unless other parameters are
mentioned later to analyze the performance of the
customized CSMA-based MAC protocol using MATLAB.

Table 1. PARAMETERS USED IN OUR SIMULATION

Parameters Value
Number of cellular users CU 20
Number of D2D users DU 20
Bandwidth of data channel 1 MHz
CU mean idle state period 0.5 sec
CU mean busy state period 0.5 sec
Maximum frame period Tfrm 0.5 sec
Number of data channels (CH) 20
Mean arrival rate of DU 0.5 sec
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A.  Throughput Scenarios

We estimate the throughput for both single and
multiple Dy situations. We perform the simulation for an
individual Dy throughput by varying frame period Tg., at
different state periods of Cy (Tigie and Tpysy ). In Fig.6
below, the individual Dy throughput is computed by
changing the values of frame period Ty, at various values
of Cy idle state periods (Tiq). It is observed that a Dy
throughput initially increases when the frame period Tg.p,
increases and reaches a maximum value of 0.2s, but it
decreases afterwards with the rise in T, based on the Cy
idle state period. This is due to the smaller idle state period
( Tiqle ) causing more interference between Cy and Dy
transmissions. Thus, the throughput is not affected more
when Tg., values increase. The decreasing trend depends on
the larger values of idle period. Additionally, in the single
device user throughput calculation, the CSMA MAC
protocol is not utilized in the data channel, assuming that all
Dy devices are aware of data channel usage via overhearing
the state of the channel on the CCC.
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Fig. 6: Throughput of a single Dy pair, where tbusy = 0.5 s, X = 20,
CH =20, and Yempt = 15.

In Fig.7 below, we vary the idle state period t;qje at
different state period ty,sy to obtain the aggregated
throughput of Dy in the common interference range. It can
be observed that the aggregated throughput increases
linearly with an increase in the value of tiqj at higher ty,qy
values of 1s and 0.75s, while it is represented as an
exponential at lower t;q. values of 0.25 s and 0.5 s. The
aggregated throughput is approximately 60% greater than
the individual Dy throughput. Hence, using the concurrent
transmissions of many Dy by the CSMA-based MAC
protocol for negotiating the DC to exploit the spectrum
efficiently.
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Fig. 7. Aggregated throughput of DUs when varying tidle, where X =
20, CH =20, Ycont= 15, and Tfrm= 0.5 s.

In Fig.8, we vary the busy state period ty,ysy at different
state period Tiqe and it is observed that it results in a
throughput trend that contrasts with that observed in Fig.7.
This is because the busy state period ty,sy, 0f Cy increases,
which leads to a lower probability of Cyusers being active.
Consequently, the Dy has fewer opportunities to transmit on
the channels, and the throughput is decreased accordingly.
The spectrum is also utilized efficiently due to Dy using
multiple transmissions simultaneously when the channels
are negotiated using the CSMA MAC protocol on the CCC.
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Fig. 8. Aggregated bandwidth(throughput) of DUs when varying tidle,

where X =20, CH =20, Ycmpt = 15, and Tfrm = 0.5 s.

Fig.9 studies the effect of the number of Dy users in the
interference area at various values of frame period T, on
the throughput. It is observed that the aggregated throughput
increases significantly with the number of Dy increases.
This is due to a growth in the number of transmissions by
Dy, which take the opportunities to transmit and to sense.
Moreover, the throughput peaks after half of the interval at a
large frame period Ty, value. In addition, exploiting the
cognitive capability to form channel to channel dynamically
takes place in improving the aggregated throughput.

20

Bandwidth(Mbps)

L L L L L
2 4 6 8 10 12 14 16 18 20

Number of contending D2D users
Fig. 9. Aggregated bandwidth(throughput) with varying number of DU in
the interference area (Ycmpt), where X=20 and CH=20.

B. Delay Scenarios

We evaluate access to different channels in cognitive
overlay D2D communication and conduct the simulation in
various traffic scenarios for a number of channels using (17).
In Fig.10, we vary the number of Cy at different values of
frame period Ty, for Dy to analyze the delay. When the
frame period is shorter, the service rate is higher, which
consequently reduces the CUQ waiting time for Cyy. As the

Delay (sec)
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number of Cy increases, the corresponding waiting time of
Cy rises, and therefore the delay increases linearly at higher
values of frame period Tp,.

Fig. 10. Delay of packet for DUQ by varying the number of CU, with
values tidle = 0.5, tbusy = 0.5 s, Yempt = 10, and CH = 20.

In Fig.11, we analyze the effect of Cy activity on Dy
packet delay by varying the Cy; busy state period at different
frame periods. It is observed that delay increases
exponentially at higher values of Ty,,5y; it also rises after half
of the interval, especially at frame period T, values of 20s,
30s and 40s. Keeping the frame period Tg.,, of Dy small
decreases delay by improving the service rate of the DUQ.
This is important when the number of Cy; is larger.
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ig. 11. The packet delay of DU with changing CU busy period, where
tidle=0.5 s, X =20, CH = 20, and Ycmpt = 10.
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V1. CONCLUSION

In this paper, we investigate the potential of applying
the cognitive radio capability using concurrent transmissions
on different unused channels in overlay D2D
communication in 5G network. We formulate the two
performance metrics, throughput and delay for device users
Dys under cellular user activity model and study the
relationship between various parameters and Cy activity
model. We utilized a CSMA-based MAC protocol beside a
dedicated common control channel to negotiate using a data
channel among a pair of Dy. It is observed that the
aggregated throughput can be approximately 60% higher
than the individual Dy throughput by employing a direct
connection between devices and exploiting the cognitive
capability for the unused spectrum as well as by allowing
simultaneous  transmissions on different channels.
Coordination between devices was done using CSMA based
MAC protocol to address the. Finally, we hope to analyze
underlay D2D communication using a CSMA-based MAC
protocol with shared resources for cellular and D2D users to
enhance 5G network performance in our future research.
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