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Abstract: Recently, device-to-device (D2D) communications have been proposed for efficient
utilisation of resources of cellular networks by offloading some traffic of base station (BS) to
direct links between user equipments (UEs), i.e., cellular users. While there are many works on
optimisation of resources sharing in D2D communications in cellular networks, a little works has
been done to promote D2D communications and attract users to adopt and take part in it. In this
paper, in order to encourage users to adopt D2D communications, we present users achievable
data rate both in D2D link and cellular link when they ask base station (BS) for contents. If the
data rate in D2D link is less than cellular link, users will ask for reward for taking part in D2D
communications. We also present how much reward will be awarded for taking part in D2D
communications. By simulation, we show the percentage of users asking for rewards and the
amount of reward they ask for taking part in D2D communications under various scenarios. The
simulation results show that all users do not ask reward and may wilfully take part in D2D
communications without reward.
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1 Introduction

The most widely used high performance mobile wireless
devices in the world are smartphones and tablets, whose
number is increasing year by year. The proliferation of these
devices and constant use of them to access the internet have
strained the wireless access points specially cellular network
access points. Almost all these devices are frequently used
to upload and download videos, photos, audio files or access
SNS services generating a huge amount of data traffic
which is increasing year by year (Cisco, 2017). In order to
satisfy ever increasing demand for wireless access and huge
traffic flow, wireless cellular networks are also evolving and
increasing their network capacity by integrating new
technologies and shifting their paradigms. Currently, the
cellular network is in fourth generation (4G) which is
replacing 3G around the world. The 4G is being actively
developed and is well-known by 3GPP LTE-Advanced
(3GPP, n.d.; Ghosh et al., 2010). Besides providing higher
channel capacity by introducing multi-antenna technology
and carrier aggregation, LTE-Advanced is shifting its
paradigm of communication model known as
device-to-device (D2D) communication by taking
advantages of high performance wireless devices (Asadi
et al., 2014; Doppler et al, 2009). Unlike complex
technologies involved in accommodating high demand of
users, D2D can significantly improve resource utilisation of
wireless cellular networks by letting a pair of D2D devices
which are in proximity of each other to communicate
directly instead of communicating via base station (BS)
[know as evolved node (eNB) base station in LTE].

In D2D communication, two devices called user
equipments (UEs), which are in proximity of each other, can
establish a direct communication link using the licensed
band. Because of their proximity, there is limited
interference from other users even if they use the same
licensed band. Since D2D communication can be
established by sharing channel, the eNB can provide service
to other UEs using the same channel thereby increasing the
throughput of the network. Moreover, since D2D pair
communication range is assumed to be shorter than UEs to
eNB, UEs will reduce the energy consumption significantly
also (Datsika et al., 2016).

The main focus of the recent works on D2D
communication is how spectrum/channel can be efficiently
shared between D2D pairs and cellular user equipments
(cUEs) in cellular networks so that there is minimum
interference and maximum throughput in the network (Lin
et al., 2014; Zulhasnine et al., 2010). Some works also focus
on energy efficiency of D2D devices also (Ansari et al.,
2016; Datsika et al., 2016). All the works assume that the
BS as the central controller determines which devices will
have to take part in D2D communication for maximisation
of throughput and efficient use of spectrum. However, in
practice, cellular users pay for their data plan. Moreover,
there will be more delay in link establishment in D2D
communication than with the BS. Users may not be willing
to take part in D2D communication if they do not find the
benefit or do not receive reward for doing so. It is essential

that incentive mechanism for promoting D2D
communications should be available to attract users to take
part in D2D communications in order to offload cellular
network traffics.

In this paper, we investigate how D2D pairs will benefit
by taking part in D2D communications. When users know
that the achievable data rate is higher in D2D link than
cellular link with BS, they may be encouraged to take part
in D2D communications without rewards. In our proposal,
when a new cellular user requests content from BS, the BS
first finds if there is a content provider within the D2D
communication range. We assume that the BS has some
mechanism of finding the content provider within its
coverage area and how it does is beyond the scope of this
paper. If it finds a content provider, it calculates the
achievable data rate in D2D link and cellular link for the
user and sends the information including the content
requester’s and the content provider’s locations so that the
requesting user can calculate and confirm the information it
has received from the BS. User will then decide if it will
take part in D2D communication without reward or with
reward.

The paper is organised as follows. In Section 2, we
present the related works. In Section 3, we present the
system model. In Section 4, we show simulation results and
analysis of our proposal followed by conclusions in
Section 5.

2 Related work

Many works in D2D communications mainly focus on
interference management and resource allocations (Xiao
etal.,, 2014; Yu et al., 2011; Ye et al., 2014). There are very
few works on D2D communications in which users are
encouraged to take part or are provided incentives to take
part in D2D communications.

In Li and Guo (2015), authors propose two types of
incentive mechanism for users to join D2D communication
based on two market models — open market and closed
market — in which the network operator and users are
players who are interested to maximise their profits only. In
open market model, authors use Stackelberg game-based
incentive mechanism with a fixed total budget announced
by the operator to reward D2D users who will have to
compete with each other by switching to D2D
communication mode. In case of closed market, authors
have proposed an auction-based incentive mechanism in
which each potential D2D pair asks for a payment from the
network operator for switching to D2D communication
mode. The network operator evaluates the prices asked by
users, and determines whom to pay the reward for the
network resources it gains from users switching to D2D
communication mode.

In Zhang et al. (2015) and Chen et al. (2017), authors
propose contract-theoretic model in which the BS hires the
UEs as employees to fulfil the content transmission task
using D2D communication. The BS as an employer offers
contracts to UEs that specify different performance-reward
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combination for different UEs preferences. The UEs, as
employees, select contracts that are best fit to their own
preferences. The UEs with higher performance will obtain
higher rewards.

The above approaches are all reward-based approach in
which UEs are assumed to take part in D2D
communications only if there is reward available. However,
in order to promote D2D communications, it is essential to
inform UEs that they may benefit more if they take part in
D2D communications than cellular communications, in
terms of achievable data transmission rates.

3 System model

In our system model, we consider only one cell of a cellular
network with one BS at the centre of the cell. Within the
coverage area of the BS, there are several cUE which are
served by the BS and D2D user equipment (dUE) pairs in
which one is a content requester/receiver and the other is a
content provider/sender. When the content receiver UE
requests the BS for content, the BS will directly serve the
receiver if the content provider is not in the proximity of the
receiver. If the content provider is within the D2D pair
forming range, the BS will provide an opportunity to form a
D2D pair and the receiver can receive content directly from
the content provider in D2D link. It is assumed that the
content provider is always ready to establish D2D
communication whenever it is possible or allowed to do so
by the BS. When the D2D pair can be formed, the receiver
may wilfully agree to receive content in D2D link because it
is advantageous for it to do so. If not the receiver will ask
for rewards from the BS for receiving content in D2D link
instead of receiving it in cellular link from the BS. The
receiver makes the decision based on the achievable data
rates in D2D link and cellular link.

Figure 1 Interference when receiving content in D2D link

D2D pair 1
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D2D pair 2

3.1 Data transmission rate

Whether a receiver wilfully agrees to take part in D2D
communication or ask for reward depends upon the
achievable data transmission rate. When the receiver is
taking part in D2D communication, we consider only uplink
case since resource sharing in this case affects only the BS,
which can easily mitigate it by coordination. Figure 1 shows

interference to the receiver when it receives content in D2D
link. In the figure, the D2D receiver (dUE¥;) in D2D pair 2
is interfered by cUE and dUEs; in D2D pair 1 as it shares
the channel with them.

The data transmission rate is related to the signal to
interference plus noise ratio (SINR). The SINR at receiver r;
in D2D pair 2 in Figure 1 is as shown in equation (1).

P(s,-)G(S,-, r,—)

SINR (1) =
N+1+Inf

(M

where

Inf = z P(cUEL)G(cUEy. 1)

+Zj¢iP S; )G(s(,-, r,-)

where

(s, 1) is a D2D pair in which s; is a sender and 7; is a
receiver.

P(s) is transmit power of s;.

G(s;, 1) is channel gain between (s;, 7;).

P(s)) is transmit power of sender s;, of another D2D
pair, to receiver 7;.

G(sj, 1) is channel gain between (s;, 7;).

P(cUE)) is transmit power of cellular cUE} to eNB.

G(cUEy, r;) is channel gain between cellular cUE; and
D2D receiver r;.

N is additive white Gaussian noise.
1 is inter-cell interference.

The channel gain or link gain can be modelled in terms of
distance between the sender and the receiver as shown
below.

G(si,n)=d(si,n)"
G(s;un)=d(s;n)"
)=

G(cUEk, 7 (cUEk, r,-)7

a

where

o is the path-loss exponent which is constant and
generally set to be 1.6 < a < 6. d(s;, ), d(s;, r;) and
d(cUEy, r;) are the distance between (s;, ;), (s;, ;) and
(cUE}, r;) pair respectively. Equation (1) can be expressed
in terms of distance as shown in equation (2).

P(s;)d (s, r,»)_a

SINR (1;) =
N+1+Inf

()

where

m=y P(cUE)d (cUE, 1) "

+z s,,r-)fa



4 B.B. Bista et al.

The achievable data rate with co-channel interference,
i.e., when channel is shared, is expressed as shown in
equation (3) where W is the channel bandwidth. Hereafter
without loss of generality and for simplicity, we assume that
wW=1.

N+1+Inf )

P(si)d(si,ri)_aJ

R(r)=Wlog, (1+

where
[nf = ZCUEk P(CUEk )d(C’UEk: 1 )70{
+Zj¢fp(sj ) (s.m) "

When the receiver is joining as a cUE, i.e., receiving
content from the BS in cellular link, it experiences
interference from D2D pair, which it will share the channel
with, as shown in Figure 2. The SINR it experiences can be
expressed as shown in equation (4) and the achievable data
rate can be expressed as shown in equation (5).

P(eNB)d (eNB, cUEr;) “
N+1+ Z#iP(s_,- )d (s;, cUEm)

SINR (cUEr;) = 4)

P(eNB)d (eNB, cUEr;) ) "

R(cUErR)=Wlog,| 1+
(cUEn) gz( N+1+Inf

where
Inf = Z ’¢-P(sj )d (s;, cUER) ™
J#i
where

P(eNB)
d(eNB, cUEr;) is the distance between eNB and cUETr;.

is transmit power of eNB.

P(s)) is transmit power of s;.

d(s;, cUEr;) is the distance between s; and cUE¥;.

Figure 2 Interference when receiving content in cellular link
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3.2 Reward from BS

When UEs do not have any benefit of taking part in D2D
communication, i.e., they do not profit anything in terms of

data transmission rate in our case, they expect reward from
BS for receiving content in D2D link. The reward may be in
the form of free data, coupons or other pre-scheduled high
data rate period, etc. Similar to UEs, which look for their
own profit for taking part in D2D communication, BS also
does not offer rewards unless it has some benefit on doing
so or it wants to fulfil its some pre-set criterion.

e  BSreward criterion: Let T, be the throughput BS
wants to achieve and T, be the current throughput of
BS. For given fixed T, and T, if T, > T, BS offers
reward to UEs for taking part in D2D communication.

e  Reward function: Let f,(R;) be the reward offered to UE;
whose data rate is R; then f(R;) is defined as shown
below in equation (6).

R +1.

1 (R) = T

(6)

As R, increases, the value of f(R;) increases, i.e., UE;
which offers maximum R; is rewarded highly. This is
understandable because UE; which offers more R;

consumes its resources more such as transmit power.

R +T.

The maximum achievable reward is when 1,

a
after which BS may or may not increase/offer the
reward. When BS increases the T, it also has to
increase the reward. It is obvious that, for given T, R; is
linearly dependent to T, and f,(R;) is proportional to R;.

3.3 Implementation of D2D communication
establishment

When the BS (eNB) receives request for content from a new
UE (rUE), it searches for a content provider within the D2D
communication range. If there is one, it finds the locations
of the requesting rUE and the content sender/provider sUE.
The BS then calculates the achievable data rate in D2D
communication mode, (R(r;)), and cellular communication
mode, (R(cUEF;)), for the rUE. It sends R(7;), R(cUEr;) and
the locations of the rUE and the sUE. Upon receiving the
above information, the rUE recalculates R(r;) and R(cUE¥;)
for confirmation. If R(#;) is higher than R(cUEw), it replies
that it will take part in D2D communication mode without
reward, if not it will reply asking for reward for taking part
in D2D communication. When the BS receives the reply
without reward it establishes D2D communication mode
between the content receiver/requester and the content
sender. If it receives reply with reward, it offers the reward
which the content requester may or may not accept it. If the
content requester accepts the reward, the D2D
communication mode is established, otherwise the BS
serves the content requester in cellular mode. The
algorithms that are executed at the BS and at a rUE are
shown in Algorithm 1 and Algorithm 2 respectively.
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4 Simulation results and analysis

In our simulation, we put 1,000 UEs randomly in a circular
area of 500 metre radius with eNB in the centre. We choose
40 cUEs randomly as active UEs, i.e., spectrum they are
using will be shared by dUEs. Other parameters used in
simulation are shown in Table 1. One non-active UE is
chosen randomly as content requester and the other one
which is in D2D communication range is chosen randomly
as content provider, i.e., to from D2D pair. The simulation
is executed 1,000 times in each scenario to find the
percentage of content requesters asking for reward to take
part in D2D communications. We also show the minimum
average reward a UE ask to take part in D2D
communication. The reward is presented as unit not as a
particular value, e.g., coupon, data plan, etc. Furthermore,
we show the ratio of achievable transmission rate of D2D
link without reward and with reward. The value of the ratio
tells us if D2D communication can be promoted without
reward also.

Algorithm 1 Execution at eNB When rUEs Requesting for
Contents

while rUEs requesting contents
to BS do

Detect rUEs
locations

Search content holders/senders (sUEs) within D2D
communication range and their locations

> rUE requesting contents

> Find locations of requesting rUEs

if Content locally available then
Calculate achievable data rates R(r;) and R(cUEF;) of rUEs
Send R(r;) and R(cUEr;), and locations of rUEs and sUEs
Receive Reply from rUEs
if Reply == D2D without Reward then
Establish D2D communication
else
Offer Reward (Reward)
Receive Reply from rUEs
if Reply = = Accept then
Establish D2D communication
else
Do nothing. Serve the request
end if
end if
end if
if Content locally not available then
Do nothing. Serve the request
end if

end while

Algorithm 2 Execution at rUEs

Send Request for content to BS
Wait response from BS

Receive R(r;) and R(cUEr;), and locations of rUEs and sUEs
from BS

Calculate achievable data rate R(r;) and R(cUE¥;)
if R(r;) > R(cUEr;) then
Reply D2D communication mode without Reward
else
Reply D2D with Reward Request
Receive Reward Offer from BS
if Reward Offer > Reward Request then
Send Accept
else
Send Reject
end if
end if

Figure 3 shows that as the number of D2D pairs that share
the channel increases, the number of UEs asking for reward
for taking part in D2D communication increases. When the
number of D2D pairs increases SINR decreases as there will
be many pairs sharing the same channel and more
interference at the D2D pairs causing less achievable data
rate in D2D communication link than in cellular link. UEs
will prefer to be served by BS unless there is reward for
taking part in D2D mode.

In Figure 4, we show the effect of D2D communication
distance. As the distance increases SINR decreases as the
received signal power at the D2D receiver decreases
resulting decrease in achievable data rate in D2D link
compared to cellular link. Thus the percentage of D2D pair
asking for reward increases as the D2D distance increases.
It is desirable to have D2D transmission distance shorter to
encourage users to take part in D2D communication without
reward.

Table 1 Simulation/numerical parameters
Parameters Values
Cellular area radius 500 m
Maximum D2D distance 30 m
Number of active cellular UE 40
Noise spectral density —174 dBm/Hz
Maximum eNodeB transmit power 40 W
Maximum UE transmit power 200 mW
Path-loss exponent o between eNodeB to UE 3.5
Path-loss exponent « between UE to UE 4
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Figure 3 Percentage of UEs asking for rewards as number of
D2D pair varies (see online version for colours)
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Figure 4 Percentage of UEs asking for reward as D2D distance
varies (see online version for colours)
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Figure 5 Percentage of UEs asking for reward as network size
varies (see online version for colours)
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Figure 5 shows how the number of UEs asking for reward to
take part in D2D communication mode changes as the
network size varies. As the network size increases the
interference to D2D pair decreases resulting higher SINR,
i.e., some D2D pairs will have higher achievable data rate in
D2D link than cellular link thus number of D2D pairs
asking for reward to take part in D2D communication
decreases as the network size increases. In a larger network
size, the density of given active cUEs will be less, i.e., less

interference to D2D pairs. It is a preferable scenario to
promote D2D communication without requiring reward for
users to take part in D2D communication.

Figure 6 Average requested reward as number of D2D pairs
varies (see online version for colours)
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Figure 7 Average requested reward as D2D distance varies
(see online version for colours)
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Figure 8 Average requested reward as network size varies
(see online version for colours)
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Even though there are some D2D pairs which are willing to
take part in D2D communication without rewards, there are
still some D2D pairs which will ask for reward for taking
part in D2D communication as their achievable data
transmission rate in D2D mode is less than in cellular mode.
In Figures 6, 7 and 8 we show the minimum average reward
UEs ask for taking part in D2D communication mode. As
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we can see from the figures, the reward asked by UEs does
not exhibit any particular pattern in terms of D2D distance,
network size or number of D2D pairs sharing the channel. It
depends upon the network throughput at the time of UEs
requesting content and the achievable data rate in D2D link
and in cellular link.

Figure 9 Ratio of achievable transmission rate of D2D links
without and with awards as number of D2D pairs
varies (see online version for colours)
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Figure 10  Ratio of achievable transmission rate of D2D links
without and with awards as D2D distance varies
(see online version for colours)

D2

Ratio of Achievable Data Rate of
D without and with Reward

10 20 30 40 50

Maximum D2D Transmission Distance (m)

Ratio of achievable transmission rate of D2D links
without and with awards as network size varies
(see online version for colours)

Figure 11

Ratio of Achievable Data Rate of
D2D without and with Reward
I

200 400 600 800 1000
Cellular Network Size (m)

Figures 9, 10 and 11 show the ratio of average achievable
data transmission rate of D2D pairs without and with
reward. Although the ratio does not exhibit any particular
pattern with respect to the number of D2D pairs sharing
channel, D2D distance or cellular size, it is above 1 in all
scenarios. From the results we can see that average
achievable data transmission rate in D2D link in different
scenarios and random location of D2D pairs is higher than
cellular link encouraging users to take part in D2D
communications without rewards.

5 Conclusions

In this paper, we presented a mechanism to show the
achievable data rates in D2D link and cellular link to UEs
when they request BS for content. When the achievable data
rate in D2D link is less than in cellular link UEs will ask for
reward for taking part in D2D communication otherwise
they may willfully take part in D2D communication without
reward. We show the percentage of UEs asking for reward
by simulation by varying network size, number of D2D
pairs and D2D distance. From the simulation we find that all
UEs do not ask for reward if they know that they benefit
more from D2D link than cellular link. We also show that
the reward asked does not depend upon the above
parameters. Furthermore, we presented the ratio of average
achievable data rate in D2D link without and with reward.
From the simulation results we can see that users may take
part in D2D communication without reward if they are
informed and if they can confirm also that the achievable
data rate in D2D link is higher than cellular link. Although
it is important to formulate how reward will be awarded to
D2D pairs as shown in related works, it is equally important
to inform users about achievable data rate in D2D and
cellular links in order to promote D2D communications in
cellular networks.
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