
future internet

Article

Social-Aware Relay Selection for Cooperative
Multicast Device-to-Device Communications

Francesco Chiti ID , Romano Fantacci ID and Laura Pierucci *

Department of Information Engineering, University of Florence, 50139 Florence, Italy;
francesco.chiti@unifi.it (F.C.); romano.fantacci@unifi.it (R.F.)
* Correspondence: laura.pierucci@unifi.it; Tel.: +39-055-275-8626

Received: 29 September 2017; Accepted: 28 November 2017; Published: 4 December 2017

Abstract: The increasing use of social networks such as Facebook, Twitter, and Instagram to share
photos, video streaming, and music among friends has generated a huge increase in the amount of
data traffic over wireless networks. This social behavior has triggered new communication paradigms
such as device-to-device (D2D) and relaying communication schemes, which are both considered as
strong drivers for the next fifth-generation (5G) cellular systems. Recently, the social-aware layer and
its relationship to and influence on the physical communications layer have gained great attention as
emerging focus points. We focus here on the case of relaying communications to pursue the multicast
data dissemination to a group of users forming a social community through a relay node, according
to the extension of the D2D mode to the case of device-to-many devices. Moreover, in our case, the
source selects the device to act as the relay among different users of the multicast group by taking
into account both the propagation link conditions and the relay social-trust level with the constraint
of minimizing the end-to-end content delivery delay. An optimization procedure is also proposed
in order to achieve the best performance. Finally, numerical results are provided to highlight the
advantages of considering the impact of social level on the end-to-end delivery delay in the integrated
social–physical network in comparison with the classical relay-assisted multicast communications for
which the relay social-trust level is not considered.
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1. Introduction

In the incoming fifth-generation (5G) system, device to device (D2D) and relaying communications
are envisaged as enablers to face the huge amount of data traffic due to novel and advanced applications
and services. In particular, the emerging trend of sharing photos, video, and music among friends
requires a large amount of data at a high data rate. In D2D communications, the devices can share the
same relevant contents or help the neighbours to deliver data by establishing a direct link without
(or with limited) involvement of a base station (BS) or eNodeB. As the D2D communications occur over
short distances, they can support a higher data rate with respect to infrastructured communications.
Furthermore, D2D communications enhance the spectral efficiency, lighten areas with elevate traffic
and improve the user quality of experience.

In the foreseen integrated 5G and Internet of Things (IoT) infrastructures, short-range
D2D communications can interconnect heterogeneous devices with lower-energy consumptions
guaranteeing proximity services for 5G/IoT networks. The D2D concept allows for a direct connection
between D2D pairs of devices, considerably (or fully) reducing the exchange of traffic requests with
the BS.

The D2D approach is also useful in the multicast context, where multiple cellular/IoT devices
have to receive the same data from the BS. Various devices can self-organize into clusters, and some of
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these can be selected to act as a relay to help the forwarding of data, particularly to the end-nodes of
the networks and the offloading of traffic from the BS.

Relay-assisted communications have been actively studied and are already considered in the
standardization process of mobile broadband communication systems, such as in the Third Generation
Partnership Program (3GPP) Long-Term Evolution Advanced (LTE-Advanced), IEEE 802.16j and the
IEEE 802.16m [1,2] to improve the cell-edge coverage radius and to provide high data rates to the users
located in the cell-edge or in coverage holes.

In addition, cooperative multicast relaying can improve data rates as a result of the shorter distance
from multicast devices with respect to the direct transmission, for which the worst propagation channel
limits the available transmission rate. In the next generation, 5G networks, cognitive relaying and
cooperative D2D relaying will continue to be the main players.

In cooperative D2D communications, the common concept is that all the devices can relay to each
other, but, for example, the battery charging can often limit data forwarding assistance because of the
energy consumption. If D2D communication is under a partial operator control, the user acting as a
relay can have a bill reduction, or the user can offer his battery and bandwidth consumption only if he
wants to help his friend.

Recently, the increasing demand for social applications, such as Facebook, Twitter, YouTube,
Instagram, and so on, has suggested integrating the social behavior on a cooperative D2D/relaying
design, in which the D2D users can communicate directly with each other and can exchange content
mainly if they are friends. Different social communities, in which each participant has the same
interest in content, can be formed, for example, by tracking friends, kin and colleagues that share
content frequently by online social networks. Social media networking indeed represents a disruptive
paradigm leading the transition to the “Web2.0”. The proliferation of popular applications for
smartphones points out a constant trend for geo-referenced services with an increased level of
integration among different communities, thus making the content dissemination more pervasive and
instantaneous.

Generally, the social trust model for cooperative D2D communications is built by two different
layers that interact each other:

• The online social network layer, which indicates the different levels of relationships among the
D2D users.

• The offline mobile communications network layer, which determines the wireless connections subject
to the channel propagation conditions.

For example, a high level of relationships can exist between two users of the social layer because
they belong to the same group, such as family or colleagues, but the same connection cannot exist in
the physical layer because there is no proximity or there are bad propagation conditions of the link,
as shown in Figure 1.

Social 
Layer

Physical Layer 

Figure 1. Social–physical layers for cooperative device-to-device (D2D) relaying.
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The social-trust level can be evaluated through the analysis of the contents and account
information shared, for example, by tracking online social network services and calculating the ranking
of the user to spread the content (this is related to the number of friends). The social relationships can
be retrieved by matching mobile phones’ contact books: if two users are colleagues or members of the
same family, it is very likely that they have many phone contacts in common.

Moreover, when the D2D relay has received popular content from the BS, it can share this to other
users in proximity through D2D communications, and a new entry in the group of friends can make
available this content, considerably decreasing the traffic load of the BS. The geographical location can
impact this social transfer of the same data; for example, in a school building, it is highly likely that
different students download the same viral video, and thus a proximity area can be a characteristic for
content delivery.

Current researches analyze the cooperative communication gain for proper relay selection by
considering a weighted tradeoff between the social trust information and the physical constraints in
order to maximize the throughput with respect to the direct transmission, mainly for scenarios with
only one destination.

This paper presents a multicast scenario with a source (either the eNodeB or a D2D user), which
transmits the same data content to many destinations through the selection of the best relay among
different alternatives, by taking into account the relay social-trust level and propagation condition links
to optimize the end-to-end delivery delay. This is defined as the time required to deliver data from
the source through the relay to all the destinations belonging to the multicast group (i.e., the social
community). The relay itself is interested in receiving data content because it can belong to a multicast
group. The social-trust level is related to the social relationships of the relay with the source and
represents the part of the transmit power that the relay is available to give as friend to forward the
data to the multicast community and as a consequence, the availability to consume its own battery.
The performance of this social cooperative multicast system is analyzed by considering that the direct
link among the source and destinations is not available because of path loss and shadowing effects
and that all the D2D multicast devices have to receive all the data.

The remainder of the paper is organized as follows. Section 2 provides a literature survey. In
Section 3, the system model is introduced, and in Section 4, we provide the simulation results for the
end-to-end delivery time performance evaluation of the integrated social multicast D2D-based system.
Finally, the conclusions are drawn.

2. Literature Review

D2D communications are foreseen to be of paramount importance in 5G systems for improving
system capacity and for offloading traffic from a BS. In this context, devices can autonomously
establish direct connections sharing the spectrum of cellular systems (underlaid D2D communications)
and resource allocation, and management approaches have to be handled to provide proximity
services [3,4]. Different research proposes interference-avoiding schemes under the management of
network infrastructure to prevent harmful interference among D2D and cellular users or to analyze
autonomous D2D data transmissions with guaranteed limited and tolerable interference on cellular
users. Others challenges faced regard the significant reduction of traffic load and communication
delay [5] and the neighbor discovery methods to detect proximity users in cellular networks with
underlaid D2D communications [6].

As users can self-organize with direct connections, D2D cooperation can be the main means to
improve throughput and energy efficiency. Unfortunately, when D2D users cooperate, the devices
acting as relays expend extraordinary energy for data transmissions, even over short distances. Hence,
it is necessary to select D2D relays among multiple devices by considering whether a device has
already been selected as a relay many times or if it has to handle too many cooperative users to avoid
excessive energy consumption of the relay and to decrease the life-time of the system [7].
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In D2D communications networks, the mobile devices are intermittently connected in an ad hoc
manner, and the topology of the network can be highly dynamic. In [8], a novel opportunistic network
routing protocol based on social rank and intermeeting time is considered. Cooperative multicast
transmissions, for which different devices with good channel conditions are selected as relay nodes,
improve the achievable data rate with respect to the direct transmission from the BS, which suffers
from the constraint of the worst propagation channel as a result of the long distance, for example.
In the literature, various relaying technologies are considered, such as decode and-forward (DF) and
amplify-and-forward (AM) relaying. Different relaying strategies have been proposed, such as relay
selection, in which multiple relay nodes allow for a more efficient use of the system resources through
the selection of the best source–relay and relay–destination channel, and incremental relaying, in which
feedback from the destination about the success or failure of direct source–destination transmission is
used. Full duplex (FD) relays offer high spectral efficiency but suffer from strong self-interference and
loop interference if multiple antennas are installed on each relay. On the other hand, half-duplex (HD)
relays, for which the source transmits information to relays in the broadcast phase and then relays
this forward to destinations in the successive time slots, causes multiplexing loss. Many methods
have recently been proposed to overcome the multiplexing loss in HD relaying. Successive relay
techniques [9] are analyzed to improve the spectral efficiency of HD relays, in which a pair of relays is
selected, and while one relay receives data from the source, the other transmits the previously received
data to the destination. The use of a buffer at the relay nodes, “buffer-aided relaying methods”,
as in [10–15], increases the spectral efficiency with respect to HD relaying without a buffer. This
approach allows for selecting the best HD buffer-aided relay among the various relay–destination
links (opportunistic relaying schemes), to transmit the data if the channel conditions are good or buffer
it otherwise, as in max-max relay selection by Ikhlef et al. [16] or the max-link relay selection scheme
by Krikidis et al. [17].

Recently, several analyses of user behaviors and their social relationships are addressed by
considering the most popular content shared on social networks such as Facebook, Instagram, YouTube,
and WhatsApp, as well what the influences of other friends, media, bloggers and advertising are.
Different probabilistic models are proposed to predict the rate of downloading and the requests’
evolution of some content.

The new vision is to join the social relationships information and proximity-based communications
to build an autonomous, trustworthy network of smart IoT devices. The impact of social relationships
on the overall throughput of a D2D communication system is considered in [18] with the stop–wait
approach for relay selection. The distributed resource allocation, mainly based on cooperative game
theory to exploit diverse social relationships on a physical domain, is analyzed in [19]; a Bayesian model
for social relationships and a coalitional graph game for efficient data distribution is proposed in [20];
the social characteristics are used to help ad hoc peer discovery in [21]; a neighbor discovery method
and a dynamic detection of overlapping social communities is highlighted in [6]. Zhang et al. [22]
propose a model for the delivery of content in the online social level jointly with the optimization of a
traffic offloading process for the D2D communications layer. In [23], the sociality among IoT devices is
used to model the trustworthiness for successful D2D-based content delivery to significantly reduce
the impact of malicious behavior.

In [18], the optimal stopping policy for relay selection is proposed for the case of cooperative D2D
relaying, but the multicast context is not considered. This policy, suitably elaborated for the multicast
case, is considered as the benchmark for our throughput performance. In [24], a cooperative multicast
scheme with underlaid D2D communications is proposed, in which social relationships drive the relay
selection. The selected relay nodes receive broadcast messages from the BS on downlink (DL) band
and then forward these to multicast users in the uplink (UL) band via D2D communications to increase
the multicast transmission rate.

In the proposed paper, a cooperative multicast scenario is also considered as in [24] with the
difference that the best relay is selected to optimize the global end-to-end delivery delay metric.
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Moreover, the same content broadcast from the BS to the relay is distributed to the users of the
multicast group by assuming that one message is delivered only when all the users in the multicast
group have received it. We would like to stress that our focus is on a social–physical scenario, for
which, in particular, the social level trust is considered to have a more general meaning with respect
to classical real-world networks. In particular, the social level trust of a device is related to its need
or interest in receiving a given information flow, for example, according to the novel paradigm of
Fog computing/networking and applications in which clusters of smart devices collaborate toward a
common goal. As a consequence, the end-to-end delivery delay is considered as the most important
parameter to evaluate the optimal social-aware relay selection mechanism in the case of multicast
transmission. Therefore, in this paper, the best relay is selected among the different D2D devices
according to the sociality index, the proximity distance to the multicast users and the links’ propagation
conditions.

3. System Model

We focus on a cooperative multicast context, in which end users receive the requested content not
directly from the BS but via other users acting as a relay in D2D communications.

In the considered social–physical scenario, the users can communicate directly with other
multicast users and exchange shared content mainly if they are friends and according to the quality
of the D2D connection links. In particular, we refer here to the classical social–physical architecture,
which entails two layers, as in Figure 1. In this context, the source (either the eNodeB or a D2D node)
can deliver the same content to a group of D2D devices in a small area, and as the node density
increases, various devices can act as relays to forward multicast traffic to the end-devices of the social
communities and vice versa. The devices selected as relays may also be interested in receiving the
same data content because they could belong to the multicast group. According to the multicast
concept, data is delivered if all the destinations have received it. Moreover, we assume that the D2D
multicast group can be very far from the BS and that the direct path cannot exist or suffers from a deep
attenuation due to path-loss and shadowing effects.

A device can leave or join the multicast community according to his mobility. However, we
assume that the D2D devices remain in the same location during a D2D communication transmission
period (e.g., in the order of milliseconds), while their positions can change across different periods
because of users’ mobility. The D2D social-trust levels and the forwarding metric related to the channel
quality are known at the source and D2D/relays.

We consider a relay-assisted network in which a source S transmits to many destinations Di with
i = 1....M through different relays Rj with j = 1, ...N, as in Figure 2. We assume flat block fading on all
the links, such that the channel coefficients can be assumed to be constant during one time transmission
period and can change from one period to the next. One relay is selected among N to serve the multiple
destinations according to the best joint quality of the social and physical layers. The relay nodes use HD
decoding and the forward relaying mode. The nodes can retrieve their social relationships information,
for example, from the BS, reporting the analysis of content sharing or account information by accessing
online social websites such as Facebook, Twitter, YouTube, Instagram, and so forth. These social trust
values tend to be stable over the time reporting friendships and acquaintances among users. Moreover,
for example, Twitter associates with each tweet the exact location (latitude and longitude), and this
might allow the nodes the possibility to know their related positions and also discover their neighbors
in mobility.
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Figure 2. Multicast model based on social-trust level.

As in [18], the social trust impacts the transmission power of the relay node: if a stronger
social-trust relationship exists between the source and relay, the relay provides more power resources
to help the source node in retransmission.

Therefore, the selected relay Rj transmits to the multiple destinations with a power proportional
to the strength of the social-trust value β j. For each relay–destination link, the γ signal-to-noise ratio
(SNR) at the destination Di is related to the path-loss, the Rayleigh flat fading, and the zero-mean
additive white Gaussian noise (AWGN) with variance σ2

n , and it can be expressed as

γRj ,Di =
PRj |hRj ,Di |2

σ2
ndα

Rj ,Dj

(1)

where PRj is the transmit power of the jth relay, dRj ,Di stands for the distance of relay Rj from
destinations Di, α is the path-loss coefficient, and hRj ,Di are the Rayleigh fading coefficients.

In the multicast transmission mode, minimizing the delivery latency necessary to receive the data
to all the destinations is the main objective.

As a consequence, the aim of this paper is to minimize the end-to-end delivery delay that is
obtained considering Tj, the time needed to transmit from the source to the jth selected relay, and
Tj,I , the overall time for transmission from the relay to the destinations. In the case of multicast
transmission, the time to deliver the data from the relay to destinations is related not only to the
link with the higher delay, because all the destinations have to receive the same content, but also to
the social-trust level of the relay, which allows or does not allow the transmission to destinations.
The quality of physical channels is directly related to the SNR and consequently to the data rate
available, while the social trust β j assures the social link among the nodes. These two aspects, the
social relationship and the channel quality, must to be balanced to optimize the end-to-end delivery
delay for the cooperative multicast D2D relaying.

Accordingly to this, the channel rate Cj for the link between the source and the jth relay is

Cj = W log2(1 + γS,Rj) (2)

where W is the system bandwidth and γS,Rj is the SNR of the link between the source and the jth relay;
the multicast channel rate can be expressed for each link from the jth relay to all the destinations Di
with i = 1...M as

Cj,i = Wlog2(1 + γRj ,Di β j) (3)

The data rate for cooperative D2D relaying is

Cj,I = min
i
(Cj,i) (4)
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Therefore, by considering the impact of the social trust β j, the delivery delays are

Tj '
1
Cj

(5)

Tj,I '
1

Cj,I
(6)

Then, Tj,I is the maximum delivery delay related to the worst link to the relay destinations.
We consider that the transmit power that needs to transmit in two hops, source–relay and
relay–destinations, is not larger than that of the multicast transmission without the use of relays.
Regarding the social-trust level β j, we assume two values, 0 and 1, where a higher value of β j represents
a stronger social trust; moreover, we consider that friends have similar behavior in transmitting shared
data. For example, a D2D user/relay can choose its friends on its own contact list to define who and
how it can help other users for cooperative D2D relaying.

To this end, the optimization problem can be formulated and approximated as

min
j
(Tj + Tj,I) (7)

s.t. Tj, Tj,I > 0 (8)

PSTj + PRj Tj,I < PS1 T1 (9)

The second constraint (Equation (9)) guarantees that the total transmit power for the two hops due
to relay transmission is not larger than that of multicast communication, for which the source transmits
with a power PS1 directly to the destinations over a total time duration equal to T1. The power PS
transmitted by the source for the two hops can be different from the power PS1 .

The optimization problem (Equation (7)) can be solved with a complexity of O(M ∗ N).
An exhaustive search to find the optimal solution is affordable, because in the case of multicast
communications, the number of participants to the multicast cluster, and consequently the subset of
relays, is limited.

In the social relay selection method, we first retrieve the payable transmit power, the geographical
locations of each device, and the channel gains and calculate the SNR for each link. Then, we calculate
the delivery time needed from the source to each relay and the maximum delivery delay for each
group of relay destinations sequentially until the number of relays is reached. We sort the sum related
to these delivery times, and, finally, we select the best relay, which assures the minimum delivery time
from the source to the destinations. These steps are shown in Algorithm 1 following.



Future Internet 2017, 4, 92 8 of 13

4. Numerical Results

In this section, we provide numerical results concerning the performance of the proposed D2D
multicast social relaying method. In the considered scenario, a single D2D source device with Rj
neighbor relay devices, where j = 1...N, and Di destination devices, where i = 1...M, are located in a
single cell with radius C, which guarantees a reserved channel for the control communications among
these devices. Destination devices are distributed in a restricted area to form a cluster with radius r
and 0 ≤ r ≤ C. Within the D2D multicast area, the ith device is at the location (di, θi) with −r ≤ di ≤ r
and 0 ≤ θi ≤ 2π, and the distance between two nodes is defined as dj,i =

√
d2

j + d2
i − 2djdicos(θj − θi).

We assume that the distance between the source and the destinations is larger than the distance
between any two devices in the multicast group and among the relay and devices and is heavily
attenuated because of obstacles, building, and so on. Therefore, the direct link between the source and
the destinations does not exist, and communications can be established only via relay.

We consider a transmission channel model often assumed in literature [17], including both the
large scale path loss, shadowing variations and zero-mean AWGN. We assume the frequency of
non-selective Rayleigh block fading according to a complex Gaussian distribution with zero mean
and variance σ2

j,i for the ith to jth link, that is, constant during one transmission period and changing

independently from one period to another. The channel gains |hj,i|2 are exponentially distributed,
as in [10,17].

The average SNR for the signal received by a generic D2D destination device from the D2D
source device is defined as γSD, and the standard deviation is defined as σ2

sd. To simulate an urban
environment, we set the γSD value in the region of 0 dB. This choice considers that the direct path
has a heavier attenuation, as a result, for example, of obstacles, buildings, and so on, in a generic real
multicast D2D communication scenario. The average SNR for the signal received by a D2D destination
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device from one of the D2D relays is defined as γRD, and the average SNR for the signal received by a
generic jth D2D relay from the D2D source device is γSR.

Table 1 shows the values of the main parameters. The value of β j, as described in the system
model, varies depending of the friendship level. If the D2D relay has a friendship connection, it sets its
β value equal to 1; instead, if it has no friendship connection, it reduces the value 10-fold. We suppose
that each relay and the D2D source device have the complete knowledge of friendship relations and
channel state in terms of the SNR.

Table 1. Main Simulation Parameters.

Bandwidth 10 MHz

Path-loss coefficient 4
Cell radius 1 Km
Cluster radius 0.03 Km
Number of destinations, M 10
Number of relays, N 5:15
γSD 3 dB
γRD 13–18 dB
Friendship probability 20%
β j for a friend source 1
β j for a non-friend source 0.1
σsd 1 dB
σrd 9 dB
User distribution Uniform

For a comparative perspective, the throughput normalized with respect to the throughput of
direct source–destination transmissions, that is, without the use of relays, is shown in Figure 3 for
the number of relays increasing. First, a comparison of the normalized throughput of our method
with social and physical information with respect to the stopping approach [18] is shown in the top of
Figure 3, for which the direct transmission is added to the source–relay transmission at the receiver,
highlighting similar performance.

Figure 3. Comparison of normalized throughput with respect to the number of relays for the cases
with and without direct transmission.
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If obstacles impact heavily on the transmission, that is, the non-line-of-sight (NLOS) case,
the performance degrades, as in Figure 3; this is the more interesting case to analyze because it
is closer to real environments. Therefore, in the following, the results refer to the case without direct
transmission for the parameter mainly related to the multicast transmission, that is, the end-to-end
delivery delay. To emphasize the relevance of social relations in Figure 4, we compare our method,
the Social Channel Quality Indicator (SCQI), with two alternatives. In the first, the source selects
the relay by taking into account only the friendship level. In particular, it randomly selects a relay
from the friends without considering the other neighbor relays. In the second comparison method,
the D2D source selects the relay with the minimum delay among the source–relays–destination links
only relying on the SNR report. Figure 4 shows the average end-to-end delivery delay for a multicast
transmission among the source and all the destinations through the single relay selected, introduced
by these three alternatives. To simplify the analysis of the results, the average delays are normalized
with respect to the direct-link communication delay obtained for the case that the D2D source can
communicate directly with the destinations. Figure 4 shows the importance of the knowledge of both
friendship and channel conditions. Our method, which considers both of these, guarantees better
performance in terms of transmission delays. Again, the direct link is only shown for reference in
this figure.

To evaluate the performance of our method relative to the probability for the relay to be a
friend with the source in terms of delivery delay, we consider different friendship probability values,
maintaining the same system parameters and channel conditions. The results in Figure 5 show that if
the total number of neighbor relays grows, the influence of friendship probability is reduced. Each
relay addition improves the delivery delay, as we have a greater probability to find friends that offer
their full support in retransmission with the lowest latency in the two-way multicasting.
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Figure 4. Normalized delay with respect to the number of relays for the considered methods; γRD =

13 dB, γSD = 3 dB, σsd = 1 dB, and σrd = 2 dB.



Future Internet 2017, 4, 92 11 of 13

5 6 7 8 9 10 11 12 13 14 15

Number of relay

0.6

0.7

0.8

0.9

1

1.1

1.2

n
o
rm

a
liz

e
d
 d

e
la

y

Direct Line

Friendship probability =0.2

Friendship probability =0.3

Friendship probability =0.6

Friendship probability =1

Figure 5. Normalized delay with respect to the number of relays varying the friendship probability;
γRD = 13 dB, γSD = 3 dB, and σsd = 1 dB.

Finally, Figure 6 shows the performance of our method as a function of different γRD values. From
this figure, we can note a trend: the normalized delay increases as the SNRrd value decreases and
approaches the value of the direct link depending on the number of relays. For example, in the case of
γRD equal to 13 dB, we can note that the direct link is convenient for a number of relays of about seven.
This trend is present in each relay-based model: when γSR, γRD and γSD have similar values, the direct
communication between the source and destinations becomes the best solution.
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Figure 6. Normalized delay with respect to the number of relays for different γRD values; γSD = 3 dB,
and σsd = 1 dB.
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5. Conclusions

In this paper, we propose a relay selection method for D2D multicast communication based on
D2D channel conditions and social-trust levels. We derive the optimal social-aware relay selection
method on the basis of the minimization of the multicast end-to-end delivery time. We further show
that our method for social-aware relay selection exhibits an incremental performance with respect to
the method that does not use the social domain information, and vice versa for the method in which
the relay selection is only based on friendship informations. Numerical results demonstrate that the
proposed mechanism can achieve better performance gain when the difference between the channel
quality in the two-way source–relay–destinations is better with respect to the source–destinations
channel condition.

We have also highlighted the impact of friendship in the decision method. A larger number of
friends in the neighborhood achieves a better average performance in terms of transmission delay.
Our proposed method can be used in a cell where all the multicast participants are distributed within
a small area to reduce the amount of network traffic necessary to deliver digital content to all users
belonging to the same social community.

Future developments can be represented by the extension of this method to multi-hop social-aware
content distribution, in which each destination is interested in sharing the same digital content with a
different community, for example, according to the novel paradigm of fog computing/networking and
applications in which clusters of smart devices collaborate toward a common goal.

Furthermore, we can use real-world human mobility traces such as Intel, Infocom06 or
Brightkite [25] for future simulations by dividing the devices in the network into several groups
to evaluate the system performance in terms of end-to-end delivery delay in realistic environments.
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