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QoS-Aware Content Dissemination Based on

Integrated Social and Physical Attributes among

Cellular and V2V Users
Muhammad Saleh Bute, Student Member, IEEE, Pingzhi Fan, Fellow, IEEE,

Quyuan Luo, Li Zhang, Senior Member, IEEE, and Fakhar Abbas, Senior Member, IEEE

Abstract—With the recent advancement in intelligent trans-
portation systems (ITS), the vehicular network has become the
major force in content dissemination, and it is essential to
improve efficiency in content delivery and quality and service
(QoS). The rapid growth in vehicular data traffic and limited
resources in the vehicular network have created a bottleneck
in content dissemination. In addition, the demand of high data
rate, low latency and user’s satisfaction on content make content
dissemination more challenging. To address the above problem
which involves vehicle to vehicle (V2V) peer discovery and
resource allocation, we propose an efficient content dissemination
scheme which integrates both social and physical attributes of
the users. V2V users are paired to share content based on
the similarity in their preferences and link reliability, while
considering the QoS of vehicle to network (V2N) users in both
uplink and downlink phases. Moreover, we present an improved
matching algorithm for channel allocation, which maximizes the
sum rate of V2V pairs weighted by the intensity of their social
relationship. Simulation results demonstrate the performance of
the proposed scheme in terms of weighted sum rate and user’s
satisfaction on content.

Index Terms—Vehicle to everything (V2X), content, resource
block, agumented reality (AR).

I. INTRODUCTION

W ITH the emergence of the intelligent transportation

system (ITS), many vehicular applications are intro-

duced [1], increasing the demand for high data rates in the

vehicular ad-hoc networks (VANETs). The huge demand on

the limited wireless network bandwidth signifies the need for

effective resource allocation. The vehicle to everything (V2X)

technology, is one of the major features of the fifth generation

(5G) network that supports the vehicular communications

framework. The third generation partnership project (3GPP)

presents a long-term evolution (LTE) network architecture
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that supports the V2X services, which is mainly categorized

into vehicle to vehicle (V2V) communication and vehicle

to network (V2N) communication. The existing cellular net-

works augmented with the V2V communications enable direct

communication between nodes without traversing through

the eNodeB. The V2V communication paradigm significantly

improves the performance of V2V and V2N links in terms of

resource management, quality of service requirement (QoS),

channel capacity and minimization of the effect of vehic-

ular mobility [2], [3]. To utilize the limited bandwidth in

the wireless network, researchers in academia and industries

attempt to exploit new technologies to improve efficiency and

capacity of the cellular network. The cellular V2X network

enables spectrum reuse between the V2V and V2N users in

the licensed cellular band under control of the eNodeB [4],

[5]. Thanks to the proximity of the V2V communication, it

provides high data rates, and minimizes end to end latency and

power consumption [6]. With the rapid increase in the number

of connected vehicles [7] the global vehicular data traffic is

growing exponentially due to data intensive applications such

as digital map navigation systems, augmented reality (AR)

aided driving, autonomous driving, games and other infotain-

ment applications. Conventionally, content dissemination is

handled by the V2N communication link [8]. However, the

cellular network is getting overloaded and congested with the

increasing demand for content dissemination. The V2V com-

munication can support the V2N communication for efficient

content dissemination among the vehicular nodes. Vehicles

are operated by humans who naturally have social attributes

such as preferences. The social relationship between users

involves discovering the interaction pattern among users with

common interest through the information they share i.e., social

networks, computation offloading, traffic information, and the

road situations etc. With the adoption of social networks and

microblogging sites as an integral part of our lives, the social

attributes of users can be obtained from the historical data of

social platforms. The information obtained can be explored to

improve network performance and QoS in order to satisfy the

users’ demands. Several vehicles might request for the same

content such as map guide or local news, then the eNodeB

has to transmit the content to the requesting vehicles through

multiple re-transmissions [9]. Using the V2V communication,

vehicles with similar request can be paired together to share

content. This approach not only relieves the huge data traf-

fic in the cellular infrastructure but also increases spectrum
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efficiency. Content dissemination schemes were presented in

[10] and [17], where a central vehicle is selected to share

content to other vehicles through V2V communication. Due

to the centrality of the content transmitter, information can

be disseminated within a short period of time. However, in

reality each user’s preference might differ on content. For

example, two vehicles request for local news from the eNodeB.

Vehicle A may be interested in only the news headline, while

Vehicle B prefers the entire news presentation. Consideration

of only physical attributes such as distance between V2V pair

and centrality in peer discovery might not pair the optimal

V2V users to achieve efficient content dissemination. Thus,

to improve QoS and user satisfaction we have to consider

some social information of users such as preferences, social

ties, similarity and link reliability based on their historical

data. This approach will facilitate effective peer discovery for

V2V content sharing. The work in [6] and [12] consider both

physical and social attributes in their proposed schemes. They

only consider social ties between users for content distribution.

However, without considering link reliability between users

with similar preferences, content might not be delivered suc-

cessfully.

In this paper, we propose a QoS aware content dissemination

based on integrated social and physical attributes among

cellular and V2V users. In the physical domain unlike the

works in [7], [11], [18] we consider spectrum reuse in both

uplink and downlink phase. To minimize mutual interference

due to channel sharing, V2V users with minimum interference

level are grouped in to a cluster. In the social domain, different

from previous studies [4], [5], [8] in order to improve users’

satisfaction, we jointly consider user preference on content

and link reliability in the peer discovery process. The Bayesian

nonparametric statistics is applied in estimating the probability

of selecting similar content among users. An optimization

problem is formulated to maximize the weighted sum rate of

V2V users while considering QoS of V2N users. The problem

is solved in three phases, which include peer discovery, power

control, and channel assignment. The main contributions of

this paper are summarized as follows

• Model: A QoS aware content dissemination scheme based

on integrated social and physical attributes among cellular

and V2V users is proposed. Leveraging the direct D2D

paradigm, the V2V link augments V2N link in content

sharing. V2V peers are established based on physical

and social attributes. A non-parametric model is applied

on the historic data of users to obtain the intensity of

social relationship between users. To improve reliability,

spectrum reuse is considered in both uplink and downlink

channels.

• Optimization Problem: To maximize user satisfaction on

content, we consider similarity in preference and link

reliability between users while establishing V2V pair. We

then formulate the objective function of the optimization

problem as a weighted sum rate, which is weighted by

the degree of social similarity and link reliability between

V2V users.

• Algorithm Design: An improved matching algorithm is

proposed for channel assignment. To enhance spectral

efficiency by resource sharing among cellular and V2V

users, interference is minimized by grouping vehicles into

clusters. Vehicles with minimum interference and relative

velocity are grouped in to a cluster.

• Validation: Based on real world scenarios, simulation

results demonstrate the performance of the proposed

scheme in comparison with the existing schemes.

The remainder of this paper is organized as follows. Section

II presents the related work. Section III describes the proposed

system model. Section IV presents problem formulation. Sec-

tion V presents the proposed efficient content dissemination

scheme. Section VI presents simulation results and discus-

sions. Finally, Section VII concludes the paper.

II. RELATED WORK

Most content dissemination schemes consider only the phys-

ical layer data [7], [10], [11], [15] such as vehicle centrality,

the distance between V2V pair, and the mobility path of the

vehicles. This approach enhances content distribution to many

users as possible. However, social attributes such as content

delivery success and the preference of users on contents are

vital metrics that need to be considered. To improve content

delivery performance, the proposed scheme jointly considers

physical and social attributes.

A. Physical Attribute-based Schemes
The physical attribute-based content dissemination schemes

aim at minimizing content delivery latency. In [10], the authors

presented a content dissemination scheme based on the vehic-

ular cloud to minimize cost and delay. The authors exploit the

name-centric mechanism in content delivery. Q. Luo et al. [17]

proposed an intelligent algorithm-based content dissemination

in vehicular networks. In the proposed scheme, to improve

system utility, dual importance evaluation was applied in de-

termining users’ priority on content. At the same time, a fuzzy

logic algorithm was used in selecting the optimal number

of seed vehicles for onward re-distribution. The authors in

[11] studied a proactive content seeding mechanism where

contents are cached on some selected vehicles for efficient

dissemination. To maximize the system throughput of content

dissemination, [15] proposed a joint V2N and V2V content

distribution and scheduling in vehicular networks. Content

transmitting vehicles are selected based on a utility function

using a content delivery path selection algorithm. R. Hou

et al. [7] presented a vehicle tracking content dissemination

scheme in vehicular networks. The authors exploit the Tabu

search mechanism in tracking target vehicle’s mobility, hence,

maximizing content delivery. To minimize content delivery

latency and network traffic, A. Pal et al. [18] proposed

a neighborhood caching and interest content dissemination

scheme. The authors exploited a low complexity Bloom Filter

algorithm to optimally cache and remove contents in the

network. However, all the research works in this section

consider only the physical layer data and do not utilize the

users’ social information. In contrast to the above articles,

in the proposed scheme to enhance efficiency, we consider
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interference management and power control by grouping V2V

pairs into clusters based on minimum interference. Moreover,

to improve reliability, content can be distributed in both uplink

and downlink channels.

B. Physical and Social Attribute-based Schemes

Some researchers explore physical and social attributes to

improve content dissemination in vehicular networks. Xiabo et

al. [4] presented an entity and sociality-aware content dissem-

ination solution in vehicular networks. The authors consider

entity and sociality trust among users to enhance content

distribution, and a fuzzy logic algorithm was applied to obtain

a tradeoff between social and entity trust. The authors in [5]

investigated a social aware content delivery scheme in mobile

edge computing, where content dissemination and caching

were jointly considered using the social relationship among

users. Similarly, the work in [13] studied social trust-based

emergency message dissemination in vehicular networks. To

avoid the spread of distorted content by malicious users, the

authors exploit social utility in identifying trustworthy users to

participate in content distribution. In [6], the authors presented

a double-layer game theory-based socially aware content

caching and distribution scheme. Their approach selects some

strategically located users and allocates content to them for

subsequent transmission to the requesting nodes. The social

attribute of users was exploited to generate the utility function

for content allocation and distribution. N. Vo et al. [12]

proposed a social-based spectrum sharing and caching helper

selection strategy. The authors applied a genetic algorithm

in selecting optimal nodes based on social layer information

for content caching and sharing. L. Yao et al. [8] studied

social aware cooperative caching and content dissemination in

vehicular networks. Contents are cached and distributed based

on users’ social similarity and mobility patterns. The authors

explore a hidden Markov algorithm to predict the mobility

of vehicles. The authors in [14] proposed sociality-based

reliable content dissemination for vehicular networks. For

efficient content distribution, the authors applied the Weiner

process to estimate connection probability between users and

convolutional neural networks was used to obtain the social

ties between users.

However, most works focus only on social similarity in

V2V pairing, which might not be the optimal combination.

Link reliability is an important metric that needs to be con-

sidered because even if users with similar preferences are

paired, without a reliable link, content delivery may fail.

The authors in [14] considered connection probability among

users using neural networks, the centralized algorithm they

proposed incurs excessive computational overhead, which is

unsuitable for vehicular networks. Unlike the research works

discussed above, we propose a distributed algorithm that

jointly considers user preference on content and link reliability

to minimize cost and improve efficiency.

III. SYSTEM MODEL

We consider a single cell along a multilane road, and the

vehicles moving on the road form a vehicular network which

consists of N V2V pairs comprising the transmitting vehicles

denoted as V T = {V T1, V T2, V T3, ..., V TN}, and the receiv-

ing vehicles denoted as V R = {V R1, V R2, V R3, ..., V RN}.

We also have M V2N users denoted as CU =
{CU1, CU2, CU3, ..., CUM}, and the total available band-

width in the system is divided in to K resource blocks

denoted as RB = {RB1, RB2, RB3, ..., RBK}. We consider

a cellular V2X network as illustrated in Fig. 1, where V2V

and V2N operates in the licensed cellular band [16]. To

improve the spectral efficiency, both the uplink and downlink

spectrum of cellular users are re-used for V2V communication.

Typically, the number of V2V users are higher than the V2N

users, hence resource block is orthogonally allocated to V2N

users. Vehicles are grouped to form ϕ clusters denoted as

ZH = {ZH1, ZH2, ZH3, ..., ZHϕ} where ϕ ≤ K. Each

V2N user shares a resource block with multiple V2V users.

To minimize interference, only V2V users of the same cluster

can share a resource block.

Fig. 1: System Model

For security and privacy, a central controller at the eNodeB

coordinates the V2V peer discovery and content dissemination.

The credentials of the new and existing vehicles are registered,

only authenticated vehicles are eligible to request for informa-

tion or participate in content sharing.

A. Physical Domain

For the proposed scheme, we utilize both the uplink and

downlink channels for spectrum re-use. Since interference is

caused by the resource sharing, for the channel modeling we

consider both small scale and large-scale fadings.

1) Uplink Channel Transmission Rate

The recieved signal to interference and noise ratio (SINR)

of a transmission link between mth V2N user and the eNodeB

[17] can be expressed as

ULc
m,e =

P c
mg

c
m,e

∑

i∈V T

P d
i g

d
i,e + σ2

(1)
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TABLE I: Summary of Related Works

Parameters
References

[5] [8] [12] [13] [14] Proposed Scheme

S/N Physical Attribute

1 Distance between V2V pair Yes Yes Yes Yes Yes Yes
2 Interference management No No Yes No No Yes
3 Power control No No No No No Yes
4 Uplink channel distribution Yes Yes No Yes Yes Yes
5 Downlink channel distribution No No Yes No No Yes

S/N Social Attribute

1 Content similarity Yes Yes No Yes Yes Yes
2 User satisfaction No No No No No Yes
3 Link reliability No Yes No No Yes Yes
4 Social relationships Yes Yes Yes Yes Yes Yes

TABLE II: Main Notation Summary

Symbol Description

CU Set of V2N users
V T Set of V2V transmitters
V R Set of V2V receivers
RB Set of resource blocks
ULc

m,e The SINR of mth V2N user in uplink phase

ULd
i,j The SINR of ith V2V user in uplink phase

RCUL
m The data transmission rate of mth V2N user in uplink phase

RDUL
n The data transmission rate of ith V2V user in uplink phase

DLc
m,e The SINR of mth V2N user in downlink phase

DLd
i,j The SINR of ith V2V user in downlink phase

RCDL
m The data transmission rate of mth V2N user in downlink phase

RDDL
n The data transmission rate of ith V2V user in downlink phase

P d
i The transmit power of ith V2V transmitter

P c
m The transmit power of mth V2N transmitter

P e The transmit power of eNodeB
gcm,e The desired channel gain between mth V2N transmitter and eNodeB

gdi,e The interfering channel gain between ith V2V transmitter and eNodeB

gdi,j The desired channel gain between ith V2V transmitter and jth V2V receiver

gcm,j The interfering channel gain between mth V2N transmitter and jth V2V receiver

gce,j The interfering channel gain between eNodeB and jth V2V receiver

RUL
min

The required data rate for V2N users in uplink phase

RDL
min

The required data rate for V2N users in downlink phase
ULmin The required SINR to successfully decode a packet in uplink phase
DLmin The required SINR to successfully decode a packet in downlink phase
ρ(i, j) The degree of social relationship between V2V pair
RDsum

i,j,k
The weighted sum rate of V2V users

xi,j,k The binary variable indicating resource allocation

where P c
m is the transmission power of the mth V2N trans-

mitter, P d
i denotes the transmission power of the ith V2V

transmitter, gcm,e is the channel gain between the mth V2N

transmitter and the eNodeB, gdi,e denotes the interfering chan-

nel gain between the ith V2V transmitter and the eNodeB, and

σ2 is the additive white Gaussian noise. The channel gain can

be defined as gcm,e = hm,eχm,eθd
−γ
m,e. Where hm,e denotes

the small-scale fading component, which is exponentially dis-

tributed with unit mean. χm,e represents the lognormal shadow

fading random variable, θ denotes the pathloss component,

dm,e denotes the distance between the mth V2N transmitter

and the eNodeB, and γ represents the decay component. Note

that this definition is applicable to channel gain variables

throughout this work. The data transmission rate of the mth

V2N user in uplink phase is given as

RCUL
m = w0log2(1 + ULc

m,e) (2)

where w0 represents the allocated bandwidth. The received

SINR of a transmission link between ith V2V transmitter and

jth V2V receiver can be expressed as

ULd
i,j =

P d
i g

d
i,j

∑

j∈V R

P c
mg

c
m,j + σ2

(3)

where P d
i is the transmission power of the ith V2V trans-

mitter, P c
m denotes the transmission power of the mth V2N

transmitter, gdi,j is the channel gain between the ith V2V trans-

mitter and the jth V2V receiver, gcm,j denotes the interfering

channel gain between the mth V2N transmitter and jth V2V

receiver, and σ2 is the additive white Gaussian noise. The data

transmission rate of ith V2V transmitter in the uplink phase

is given as

RDUL
n = w0log2(1 + ULd

i,j) (4)
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where w0 denotes the allocated bandwidth.

2) Downlink Channel Transmission Rate

Similar to the uplink channel modelling, the downlink phase

transmission rate can also be defined in the same approach.

The SINR of the transmission link between the eNodeB and

mth V2N transmitter can be expressed as

DLc
m,e =

P egcm,e
∑

i∈V T

P d
i g

d
i,e + σ2

(5)

where P e is the transmission power of the eNodeB, P d
i

denotes the transmission power of the ith V2V transmitter,

gcm,e is the channel gain between the mth V2N transmitter and

the eNodeB, gdi,e denotes the interfering channel gain between

the ith V2V transmitter and the eNodeB, and σ2 is the additive

white Gaussian noise. The data transmission rate of the mth

V2N user in the downlink phase is given as

RCDL
m = w0log2(1 +DLc

m,e) (6)

where w0 represents the allocated bandwidth. In the downlink

phase, the received SINR of a transmission link between ith

V2V transmitter and jth V2V receiver can be expressed as

DLd
i,j =

P d
i g

d
i,j

∑

j∈V R

P egce,j + σ2
(7)

where P d
i is the transmission power of the ith V2V transmitter,

P e denotes the transmission power of the eNodeB, gdi,j is the

channel gain between the ith V2V transmitter and the jth V2V

receiver, gce,j denotes the interfering channel gain between the

eNodeB and jth V2V reciever, and σ2 is the additive white

Gaussian noise. The data transmission rate of the ith V2V

transmitter in the downlink phase is given as

RDDL
n = w0log2(1 +DLd

i,j) (8)

where w0 denotes the allocated bandwidth.

B. Social Domain

The social characteristics of users determine the degree of

their relationship [19]. Thus, it is essential to analyze the

user preference in the process of social modeling in order to

derive maximum satisfaction for the users, but it is difficult

to model these attributes appropriately. Bayesian methods can

be applied to obtain the probability of users having the same

preference. The Bayesian non parametric models (BNM) can

estimate the probability density function (PDF) directly from

the samples obtained from user’s historical data.

1) Bayesian Non-Parametric Model

A Bayesian non parametric approach is proposed to pre-

dict the user’s preference on content. The prior and poste-

rior distribution are non-parametric distributions, which is a

stochastic process [20], [21]. Applying statistical distributions

which approximates a practical distribution from the estimated

sample represents the probability density function (PDF) para-

metrically, therefore we have to adopt a suitable method that

can approximate actual distribution to estimate the parameters.

The Bayesian non-parametric model estimates PDF without

any assumption for the distribution. In this process, accuracy

of the estimation depends on the number of data observed.

The Dirichlet process is mostly adopted in Bayesian non-

parametric statistics because in a Dirichlet distribution, prior

and posterior distributions are stochastic processes [22].

2) Dirichlet Process

The Dirichlet process (DP) is termed as a distribution

over distributions. Dirichlet distribution is a multivariate

generation of beta distribution [23]. Let assume that an

event Li has been observed ξi − 1 times, where i =
{1, 2, 3, ..., ϑ}, and (l1, l2, l3, ..., lϑ) denotes the probability of

(L1, L2, L3, ..., Lϑ). The Dirichlet distribution of order ϑ ≥ 2
with parameters ξ1, ξ2, ξ3, ..., ξϑ > 0 has a PDF with respect

to Lebesgue measure on the Euclidean space R
ϑ−1 :

Dir(ξ1, ξ2, ξ3, ..., ξϑ) = f(l1, l2, l3, ..., lϑ−1; ξ1, ξ2, ξ3, ..., ξϑ)

=
1

B(ξ)

ϑ
∏

i=1

l
ξ1−1

i

(9)

where l1, l2, l3, ..., lϑ−1 > 0 satisfies l1+l2+l3+...+lϑ−1 < 1,

lϑ represents the abbreviation for 1− l1 − l2 − l3 − ...− lϑ−1.

The density is zero outside (ϑ−1) dimensional simplex. B(ξ)
represents the normalizing constant, and is expressed in form

of gamma function since it is a multinomial beta function

B(ξ) =

∏ϑ
i=1

Γ(ξi)

Γ(
∑ϑ

i=1
ξi)

(10)

where ξ0 =
∑ϑ

i=1
ξi. The marginal distribution of the Dirichlet

distribution which is a beta distribution can be expressed as

li ∼ Beta(ξi, ξ0 − ξi). Subsequently, the DP over a set Φ,

is a stochastic process and its realization is a probability

distribution on the set Φ. Let H denote a random distribution

on a set Φ. The distribution is a DP distributed with F and δ,

which is defined as H ∼ DP (δ, F ). For the finite measurable

partition A1, A2, A3, ..., AR of Φ, we have:

(H(A1), H(A2), H(A3), ..., H(AR)) ∼

Dir(δF (A1), δF (A2), δF (A3), ..., δF (AR))
(11)

where F (.) is the mean of the Dirichlet process, while δ

denotes the inverse of variance. Therefore, for any measurable

partition A ⊂ Φ we have

E[H(A)] = F (A)

V [H(A)] =
F (A)[1− F (A)]

δ + 1

(12)

where δ is also seen as a strength parameter, which indicates

the strength of the prior when the DP is used as prior

information in Bayesian non-parametric methods. Thus, the

variance decreases as δ grows, hence the DP will pay more

emphasis on the mean. Since H is a random distribution over

Φ, we can use the independent samples from H which is

expressed as a sequence c1, c2, c3, ..., cn. The values ci are

in Φ, nr = #{i : ci ∈ Ar} represents the observed values in
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Ar, and r = 1, 2, 3, ..., R. Considering the conjugacy between

the multinominal and Dirichlet distributions, then we have

(H(A1), H(A2), H(A3), ..., H(AR)) |c1, c2, c3, ..., cn ∼

Dir(δF (A1) + n1, ..., δF (AR) + nR)
(13)

Similarly, for all the finite measurable partitions, the poste-

rior distribution over H is a Dirichlet process which can be

given as

H |c1, c2, c3, ..., cn ∼ DP

(

δ + n,
δ

δ + n
F +

n

δ + n

nr

n

)

(14)

where nr =
∑n

r=1
δr(Ar). The weighted average between the

prior base distribution F is proportional to δ. The weight of

the empirical distribution nr is proportional to the number

of observations n. If δ is equal to zero, then F is no more

essential because the posterior distribution can be deduced

from the empirical distribution. Let the predictive distribution

of cn+1 be expressed in a sequence c1, c2, c3, ..., cn. We know

that cn+1 |c1, c2, c3, ..., cn ∼ H for a measure A ∈ Φ, then

we have

P (cn+1 ∈ A |c1, c2, c3, ..., cn) = E[H(A) |c1, c2, c3, ..., cn ]

=
1

δ + n
(δF (A) + n(A))

(15)

Subsequently, H is marginalized out. The concept of kernel

is applied in order to smooth the distribution and derive its

density distribution. Let f(x |τ ) denote the family of kernels

(densities), and τ is the density index. The smoothed non

parametric density is given as P (x) =
∫

f(x |τ )H(τ)dτ .

3) Probability Distribution Estimation

Assuming Z represent the users in the system, a user can

be represented as z ∈ Z and U denotes observation sets

associated with the probabilities of requesting similar content,

which can be extracted from user’s history records [24]. Let

Y be the observation set at a particular instance U ∈ Y . A

user z requests for a similar content with the probability pY z .

The probability density function of pY z can be expressed as

PY z(pY z) over the space Φ = [0, 1]. For each observation set,

QY z observations are obtained and can be expressed as

QY z = {p1Y z, p
2
Y z, p

3
Y z, ..., p

QY z

Y z }, ∀z ∈ Z,U ∈ Y (16)

To obtain the predictive PDF of the subsequent observation

p
QY z+1

Y z , we apply the concept of Dirichlet process based on

equation (16), then we have

PY z(p
QY z+1

Y z ∈ µ
∣

∣p1Y z, p
2
Y z, p

3
Y z, ..., p

QY z

Y z )

=
1

α+QY z

(αG(µ) +
∑QY z

Q=1
β
p
Q

Y z

(µ))
(17)

where G denotes the prior distribution, µ represents the

measurable partition of Φ, and α denotes the strength of the

prior distribution in respect of the posterior estimation. By

marginalizing out the Dirichlet process, if the concentration

parameter α and the base distribution are unknown, the

predictive PDF of the subsequent observation is given as

PY z(p
QY z+1

Y z ∈ µ
∣

∣p1Y z, p
2
Y z, p

3
Y z, ..., p

QY z

Y z ) =

∑QY z

Q=1
β
p
Q

Y z

(µ)

QY z
(18)

Similarly,

β
p
Q

Y z

(µ) =

{

1, pQY z ∈ µ

0, otherwise
(19)

where β
p
Q

Y z

is the point mass located at p
Q
Y z . To smooth out

the distribution, we apply kernel from the Dirichlet process in

order to obtain the continuous estimate P̃Y z of PY z . When

the number of observations is small, a different method is

considered to improve the estimates. For a user z ∈ Z, let

X ⊆ Y denote a subset in the observation set U ∈ Y , and

XY z = X\{U} represents the rest of the observation sets in

X except U . By integrating the observation set U with the

verified priors XY z , the PDF of the new observation is given

as

PX
Y z = ℓU P̃Y z(µ) +

∑

T∈XY z

ℓT P̃Tz(µ) (20)

where ℓU quantifies the PDF of pXY z , ℓT quantifies the PDF

of T ∈ XY z . The weights of the quantifiers are set to be

proportional to the number of observations, considering the

equal availability of the observation sets, then Pz = PX
Y z .

The probability for two users (i, j) to select similar content

is applied to obtain the normalized correlation, which can be

defined as

ωi,j =
(cor(pi, pj) + 1)

2
(21)

where ωi,j ∈ [0, 1], pi ∼ Pi(p), pj ∼ Pj(p), pi and pj denotes

the estimated correlative PDFs.

4) Success of Content Delivery

In this scheme, we also consider link reliability in V2V peer

discovery. Due to the high mobility of vehicles, communica-

tion link can be unstable and easily be affected by the driver’s

behavior. A V2V pair established by users in communication

range cannot guarantee the success of data transmission [5],

[25]. Therefore, evaluating the success probability of the V2V

link is necessary in order to ascertain link reliability. Vehicles

encounter history can be analyzed to extract their commu-

nication characteristics. The minimum required duration to

transmit a packet over a V2V link can be expressed as

cdi,j = o
RDi,j

. Where o denotes the size of a packet to be

transferred over a V2V link, RDi,j represents the data rate.

Let cd̃i,j denote the average contact duration between V2V

links, the success probability of data transmission can be given

as

Ps = P

{

cd̃i,j ≥
o

RDi,j

}

(22)

Encounter time is referred to as the duration of each

encounter between vehicles. The distribution of encounter

duration is obtained based on encounter history. The encounter
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time of two vehicles is modelled as a power law distribution

with a heavy tail index [26], [27] denoted as ε. Then we have

P (cdi,j > a) =

(

a

a1

)−ε

(23)

where a1 denotes minimum encounter duration between two

vehicles. The average encounter duration cd̃i,j can be com-

puted using

cd̃i,j =











amin

[

1 + 1

ε−1

(

a1

amin

)ε]

, if amin > a1

ε
ε−1

a1, otherwise

(24)

where amin denotes the minimum required communication

duration for a V2V link. We can see that Ps is related to

the data rate RDi,j . With available statistical characteristics

of channel gain at the eNodeB we can obtain the distribution

of data rate RDi,j , which is given as

Ps = P

{

RDi,j >
o

cd̃i,j

}

= P

{

P d
j g

d
j

P c
i g

c
i,j + σ2

2

(

o

cd̃i,j

)

− 1

} (25)

Thus, when amin > a1 we have

Ps = P



RDi,j ≥
o

amin

[

1 + 1

ε−1

(

a1

amin

)ε]



 (26)

Otherwise, when amin ≤ a1 then we have

Ps = P

[

RDi,j ≥
o(ε− 1)

εa1

]

(27)

where Ps ∈ [0, 1]. When a V2V pair is established for

content dissemination, the behavior of the V2V users affects

the success of content transmission. The behavior of the user

could be objective or subjective. The probability of content

similarity, which is obtained based on the preference of users.

However, a V2V pair cannot have a successful content delivery

when the established V2V link is not stable. In the proposed

scheme, the social attributes including similarity in preference

of users denoted as ωi,j and link reliability denoted as Ps(i, j)
are considered for efficient content sharing. Thus, the degree

of social relationship between V2V pair (i, j) can be expressed

as ρ(i, j) = ωi,j .Ps(i, j).

IV. PROBLEM FORMULATION

The objective is the maximization of the sum rate of V2V

pairs, taking into account both the social and physical at-

tributes of users in the network. To achieve content dissemi-

nation with user satisfaction [30], we formulate the objective

function as a weighted channel rate, which is weighted by the

degree of social relationship between V2V users. The weighted

sum rate of V2V pairs can be given as

RDsum
i,j,k =WRDUL

i,j,k +WRDDL
i,j,k (28)

where WRDUL
i,j,k = SI(ρi,j)ρi,jRD

UL
n and WRDDL

i,j,k =

SI(ρi,j)ρi,jRD
DL
n . V2V pair is established and allowed to

share content only when the degree of relationship between

the V2V pairs is above or equal to the predefined threshold

η. Therefore, a potential V2V pair V Ti and V Rj can connect

through V2V link only when ρi,j ≥ η, thus SI(ρi,j) is a

function that indicates degree of social relationship between

V2V users. Then we have

SI(ρi,j) =

{

1, when ρi,j ≥ η

0, otherwise
(29)

A binary variable xi,j,k = 1 indicates V2V pair reusing

a V2N resource block is established, and when xi,j,k = 0
otherwise. The binary variables are denoted by a set X =
{xi,j,k}. The resource allocation problem can be formulated

as

Problem 1:

maximize
{X,P}

N
∑

i=1

N
∑

j=1

K
∑

k=1

(RDsum
i,j,k )xi,j,k

subject to C1 : RCUL
m ≥ RUL

min, ∀m ∈ CU ,

C2 : RCDL
m ≥ RDL

min, ∀m ∈ CU ,

C3 : ULd
i,j ≥ ULmin, ∀i ∈ V T, j ∈ V R ,

C4 : DLd
i,j ≥ DLmin, ∀i ∈ V T, j ∈ V R ,

C5 : 0 ≤ P d
i ≤ P d

max, ∀i ∈ V T ,

C6 : 0 ≤ P c
m ≤ P c

max, ∀m ∈ CU ,

C7 : xi,j,k ∈ {0, 1}, ∀i ∈ V T, j ∈ V R, k ∈ RB ,

C8 :

ϕ
∑

zh=1

xi,j,k ≤ 1, ∀i ∈ V T, j ∈ V R, k ∈ RB

(30)

where constraint C1-C2 guarantee the data rate of V2N users

in both uplink and downlink channels, C3-C4 ensure that V2V

pairs can successfully transmit data in uplink and downlink

phases. C5-C6 guarantee that the transmission power of V2V

and V2N users did not exceed the maximum transmit power,

C7 ensures that a V2V transmitter is paired to at most one

V2V receiver and vice versa, C8 ensures that only V2V pair

of thesame cluster can share a resource block. The problem

is MINLP thus the complexity increases with higher number

of vehicles in the network. For simplicity, we decompose the

optimization problem into two subproblems; power allocation

and channel assignment.

Lemma 1: Only when constraints C1-C4 are satisfied with

equality, then we can obtain the optimal solution of problem

1.

Proof: let the optimal solution of problem 1 be denoted

as X∗, P ∗ that satisfies constraints C1-C4: RCUL
m > RUL

min,

RCDL
m > RDL

min, ULd
i,j > ULmin and DLd

i,j > DLmin.

Consequently, the transmit powers of both V2V and V2N users

are set to make sure that RCUL
m = RUL

min, RCDL
m = RDL

min,

ULd
i,j = ULmin, and DLd

i,j = DLmin. This implies that

there exists a solution X,P . Hence, the initial assumption that

X∗P ∗ is optimal solution is not true.
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V. THE PROPOSED EFFICIENT CONTENT DISSEMINATION

SCHEME

A. Cluster Formation

The major aim of forming vehicle clusters is for resource

sharing with minimum interference. The proposed clustering

algorithm assigns V2V pairs into several clusters by con-

sidering their mutual interference and relative speed [28].

Vehicles are grouped into ϕ clusters. The V2V pair in each

cluster shares resource block with a certain V2N user while

a resource block cannot be shared with the V2V users of

different clusters. Therefore, the number of clusters is less

than or equal to the number of V2N links in the nework

[29]. This clustering approach does not only minimize intra-

cluster interference by supporting V2V pairs to operate on less

transmission power but also improves system performance by

maximizing the capacities of V2N users. A summary of the

clustering algorithm is given as follows

• At the initial stage, V2V pairs are randomly assigned to

each cluster based on location and vehicular density.

• For efficient V2V communication, the variation in veloc-

ity between cluster members should be below a threshold.

Rvi,j ≤ ∂, where Rvi,j is the relative velocity between

vehicles and ∂ denotes the variation threshold.

• In the final stage, the interference level of each cluster is

computed assuming the V2V pair is added to the cluster.

Then the V2V pair will be assigned to the cluster with

least interference.

Algorithm 1: Clustering Algorithm

inputs : TW, ϕ, SIF

output: ZH

randomly assign V2V pair into ϕ clusters based on

location and vehicular density

compute the average velocity of each cluster

while |TW | ≠ 0 do

foreach V2V pair not assigned into a cluster do

if Rvi,j ≤ ∂ then
compute the sum of intra-cluster

interference of each cluster after adding

the V2V pair

SIF =
ϕ
∑

zh∈ZH

In+ In′
i

Add V2V pair to the cluster with lowest

SIF
else

request not accepted

end

end

end

B. Power Allocation

For the power control of V2V pair and V2N user, suppose

the ith V2V transmitter reuses the RB of mth V2N user. Let

hUL = e
RUL

min

w0 − 1 and hDL = e
RDL

min

w0 − 1, then we can rewrite

constraints C1-C4 in problem 1 as

P c
mg

c
m,e ≥ hUL

(

P d
i g

d
i,e + σ2

)

P egcm,e ≥ hDL
(

P d
i g

d
i,e + σ2

)

P d
i g

d
i,j ≥ ULmin

(

P c
mg

c
m,j + σ2

)

P d
i g

d
i,j ≥ DLmin

(

P egce,j + σ2
)

(31)

The power allocation problem for a V2N user and V2V pair

can be considered as

Problem 2:

maximize
{P}

RDsum
i,j,kxi,j,k

subject to 0 ≤ P d
i ≤ P d

max, ∀i ∈ V T ,

0 ≤ P c
m ≤ P c

max, ∀m ∈ CU ,

hUL ≤
P c
mg

c
m,e

P d
i g

d
i,e + σ2

,

hDL ≤
P egcm,e

P d
i g

d
i,e + σ2

(32)

To maximize the weighted sum rate of V2V pairs, the

transmit power P d
i need to be increased, and the transmit

powers P c
m and P e have to be minimized as much as possible.

The optimal point can be obtained when hUL and hDL

take equalities, thus we have P ∗c
m = hUL

gc
m,e

(

P d
i g

d
i,e + σ2

)

and

P ∗e = hDL

gc
m,e

(

P d
i g

d
i,e + σ2

)

. By substituting P ∗c
m and P ∗e in

the objective function, then we have

w0log2






1 +

gdi,j

σ2

Pd
i

(

1 +
hULgc

m,j

gc
m,e

)

+
(

1 +
hULgd

i,e
gc
m,j

gc
m.e

)







+ w0log2






1 +

gdi,j

σ2

Pd
i

(

1 +
hDLgc

e,j

gc
m,e

)

+
(

1 +
hDLgd

i,e
gc
e,j

gc
m,e

)







(33)

We can see that equation (33) is monotonically increasing

with the transmit power P d
i . To maximize the objective func-

tion we need to set the transmit power of V2V transmitter as

high as possible, P ∗d
i = {P d

max}. From equations (32-33) we

can compute the optimal transmit powers of users.

C. Channel Assignment

To obtain the optimal channel assignment for V2V pairs

reusing V2N resource blocks that can maximize the weighted

sum rate of all V2V links, we have the following optimization

problem

Problem 3:

maximize
{xi,j,k}

N
∑

i=1

N
∑

j=1

K
∑

k=1

RDsum
i,j,kxi,j,k

subject to

xi,j,k ∈ {0, 1}, ∀i ∈ V T, j ∈ V R, k ∈ RB

(34)
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To solve problem 3 with a lower computational complexity,

we propose a distributed matching algorithm.

1) Matching Algorithm for Channel Assignment
Problem 3 is a typical three-dimension (3D) matching

problem [31], which consists of V2V transmitters V T ′s,

V2V receivers V R′s, and resource blocks RB′s. Due to the

computational complexity of 3D matching we transform the

problem into a two-dimensional (2D) matching problem. Since

the resource blocks are orthogonally allocated to V2N users

CU ′s, we merge the V2V pair with the resource block they

reuse i.e. a V R mapped to a RB is denoted as RR. Initially

we already have N number of V R′s and M number of CU ′s.

Therefore, RR = {RR1, RR2, RR3, ..., RRNM}. Matching

model is designed to allocate resources to users. A typical

solution to a matching problem is referred to as two-sided

stable matching, which involves two finite and disjointed sets,

i.e. users and resources respectively. Each element in the set

has its preference over elements in the opposite set.

• Definition 1: consider a set of users US =
{us1, us2, us3, ..., usn} and a set of resources RS =
{rs1, rs2, rs3, ..., rsm}. Matching ψ is the one to one

mapping for the set US ∪ RS to itself, which can

be presented as ψ : US ∪ RS → US ∪ RS, given

that ψ(us) = rs denotes us and rs are matched, and

ψ(us) = us denotes that us is yet to be matched.

Matching is strictly based on defined preference of each

element in the set.

• Definition 2: a matching is stable if there exists no

blocking pair (BP). Considering that us and rs are

already matched to different partners, but they prefer to

be matched together. Therefore us and rs form a BP for

matching ψ, hence due to the BP the matching ψ is not

stable.

In our proposed scheme, we already have two finite and

disjointed sets of V2V transmitter V T and resource unit

RR respectively. Matching is obtained based on maximum

weighted sum rate of V2V pairs. Matching ψ can be given as

V T ∪RR→ V T ∪RR such that ψ(V Ti) = RRj,k .

2) Matching Preference
Preference sets the priority for selection among several

alternatives [32]. In matching models an individual in one

set proposes to individual in the other set based on their

preference ranking [33]. To obtain the preference list of

each V2V transmitter V T on resource units RR, we have

to compute the weighted sum rate of each V2V pair. At

first, we have to temporarily pair V Ti with every RRj,k.

Since each RB may generate different data rate and user

satisfaction, for each combination the data rates are sorted in

the descending order. V Ti will prefer the RR with higher data

rate over those with lower data rate, therefore the preference

list of V Ti can be presented as pl = {pl1, pl2, pl3, ...pln},

and the preference list of all V T ′s can be denoted in a set

PL = {PL1, PL2, PL3, ..., PLn}.

3) Pay Off Function
To obtain the payoff value of each V Ti, we introduce

matching cost, which is the price for services offered by

Algorithm 2: Preference Formulation Algorithm

inputs : V T, V R,CU,RB,P

output: PL

foreach i ∈ V T do

foreach j ∈ V R do

foreach k ∈ RB do
obtain the maximum weighted rate of each

pair
end

end

end

foreach i ∈ V T do
sort the weighted rate in descending order

generate preference list pli for V Ti based on

sorted the weighted rate
end

return PL

the RR unit. The initial price of each RRj,k is set to

zero. The prices of RR units can be denoted as PR =
{PR1, PR2, PR3, ..., PRNM}. Let ABi,j,k denote the val-

uation of RDsum
i,j,k , and PRj,k represent the matching cost for

V2V transmitters V T ′s. The payoff of V Ti when matched

with RRj,k is given as ABi,j,k −PRj,k. In a situation where

more than one V T proposed to any RR, the RR increases

their prices by a step sz, then the V T ′s will modify their

preferences due to the change in matching cost, which is

determined based on the highest payoff [34] given as

POj,k = arg max
{j∈V R,k∈RB}

(ABi,j,k − PRj,k) (35)

4) Proposed Stable Matching Algorithm

The proposed matching algorithm is based on Gale Shapley

technique [31], to obtain stable matching in a distributed man-

ner. We obtained the preferences of each set using algorithm 2.

At the first stage each V Ti would propose to its most preferred

RRj,k. In a circumstance where RRj,k receives a proposal

from more than one V Ti, the RRj,k adjusts their prices to

determine a winner. The stable matching process operates as

follows:

• For each V Ti that has not been paired with any RRj,k,

it proposes to its most preferred candidate based on the

payoff function in equation (35).

• If RRj,k receives a proposal from more than one V Ti,

then there exists a conflicting set denoted as ζ. Thus, each

element in ζ would increase their price by step sz.

• Each V Ti that proposed to an element in ζ will modify its

preference due to increase in matching cost and renew its

proposal. The matching cost keeps increasing until when

each RRj,k receives only one request.

• The algorithm terminates when there is no more request

from V T to RR.

D. Stability and Complexity Analysis

In this section, we analyse some vital properties of the

proposed algorithms. We derive the stability of the proposed

algorithms and their computational complexity.
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Algorithm 3: Channel Allocation Algorithm

inputs : V T,RR,PL, PR, sz, ζ

output: ψ

initialization: set all i ∈ V T as free, all j, k ∈ RR as

free, ψ = ∅, ζ = ∅, sz = 0.1
while V T ̸= ∅ do

foreach i ∈ V T that is free and has not proposed

to all elements in pli do
propose to the most preferred RRj,k

end

if ζ ̸= ∅ then

foreach RRj,k ∈ ζ do
Increase matching cost

PR′
j,k = PRj,k + sz

PR′
j,k > PRj,k

update the pli for each i ∈ V T base on

equation (35)

V Ti renews proposal using the updated pli
end

else
ζ = ∅
there exists no conflicting set

assign V Ti to RRj,k

end

update PL and PR

return ψ
end

1) Stability

Lemma 2: the proposed algorithm converges to a stable

matching in a finite number of iterations.

Proof: a matching is stable only if a blocking pair doesn’t

exist. Let’s assume that we have V Ti ∈ V T , RRj,k ∈ RR

such that V Ti and RRj,k are not paired together under

matching ψ, but they prefer to be matched to each other.

Since the goal of each V Ti is to maximize the payoff

max
j∈V R,k∈RB

POj,k, V Ti ∈ V T . We earlier assume that V Ti

prefers RRj,k. V Ti must have proposed to RRj,k. Con-

sequently, due to the effect of pricing in algorithm 3; if

ψ(V Ti) ̸= RRj,k then the payoff POj,k = 0 and V Ti couldn’t

win RRj,k during contention. Hence considering the analysis

above, the initial assumption that V Ti and RRj,k are blocking

pair cannot hold. Therefore, the matching is stable.

2) Complexity

The computational complexity of the proposed scheme

includes the complexity of algorithms 1-3. In algorithm 1, to

group vehicles in clusters, we need to calculate the interference

level of each cluster when a V2V pair is added. Therefore, the

complexity is O(NM) to check all possibilities. In algorithm

2, each V Ti ∈ V T obtains its preference on RRj,k. The

computation complexity of the process is O(NM). V Ti forms

its preference list by sorting the preference value of each

RRj,k. To perform such task, the computation complexity

is O(NM log(NM)). For the matching process presented in

algorithm 3, each V Ti that have not been paired proposes

to its preferred RRj,k, and the computational complexity

for this operation is O(N∗), where N∗ denotes the number

of iterations during the contention period. The matching of

contending elements is completed when ς ̸= ∅. However, if

ς = ∅ then N∗ = 1. Thus, the computational complexity of

the proposed stable matching model is O(NN∗)(N ≥M).

VI. SIMULATION RESULTS AND DISCUSSIONS

To validate the proposed scheme, simulations were conducted.

We consider a freeway road with multilane of 5km as de-

scribed in 3GPP TR [35]. The road passes through a cell

where an eNodeB is located. Vehicles arrival is based on

spatial Poisson process and the vehicular density is determined

by the vehicles speed. For the experiments, mobility traces

are generated in SUMO and the performance evaluation is

conducted using NS3 and MATLAB 2017b simulators. The

detailed simulation parameters [36], [37], [40] are given in

Table III.

TABLE III: Summary of Simulation Parameters

Simulation Parameter Value

Cell Radius 500m
Bandwidth 10Mhz
Carrier Frequency 2Ghz
Vehicle Antenna 1.5m (3dBi)
eNodeB Antenna 25m (8dBi)
Noise Power -114 dBm
Number of V2V Users 30
Number of V2N Users 10
Maximum Transmission Power 23dBm
Number of Lanes 4
Small Scale Fading Rayleigh Fading
V2V Pathloss Model LOS in WINNER II B1
V2N Pathloss Model 128.1 + 37.6 log10d
V2V Shadowing Model Log-normal 3dB
V2N Shadowing Model Log-normal 8dB

The performance of the proposed scheme is compared in

terms of weighted sum rate of V2V pairs with that of the

following schemes:

• Uplink based scheme [18]: this is a variant of the

proposed scheme, herein only the uplink channels is

considered for resource block reuse. The V2V pairs

optimally selects the V2N resource block to reuse.

• Random based scheme [38]: in this resource management

scheme, the V2V users randomly select a V2N resource

block to reuse. In this scheme only the uplink channels

are considered for resource sharing.

• Fixed dimension clustering scheme [39]: in the scheme

number of vehicles in each cluster are equal and vehicles

with the worst interference are added to the same cluster.

However, vehicles in the same cluster are not allowed to

share the same resource block.

To evaluate the significance of the proposed scheme, we

consider six different simulation experiments as discussed

below.

A. Convergence

The optimality of the proposed algorithm is evaluated by the

weighted sum rate of V2V pairs vs. the number of iterations.

For the purpose of comparison, we use a graph-theory based
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algorithm to obtain an optimal solution for the problem. After

almost 40 iterations, the proposed scheme converges to a stable

value. As illustrated in Fig. 2 the weighted sum rate improves

with increase in number of users and the proposed scheme

achieves a close optimal performance when N = 40.

Fig. 2: Convergence of algorithms over number of iterations

B. The impact of different number of V2V pairs on perfor-

mance

Fig. 3: Weighted sum rate of V2V pairs over number of V2V

pairs

The weighted sum rate depends on the number of V2V

pairs. The proposed scheme is evaluated under different num-

ber of V2V pairs. Initially we set the number of V2V pairs to

two, subsequently we keep increasing the number of the V2V

pairs as illustrated in Fig. 3. We observe that the weighted sum

rate of V2V pairs is proportional to the number of V2V pairs

in all schemes. The proposed scheme achieves the highest rate

because data can be transmitted in both uplink and downlink

phases, which provides more opportunity for the V2V pairs to

choose an optimal channel. While scheme [18] transmits data

only in the uplink phase, scheme [38] randomly selects any

available channel for transmission.

C. The impact of V2N user’s data rate requirement on per-

formance
To evaluate the impact of V2N data rate requirement, we

obtain the weighted sum rate of V2V pairs by varying the V2N

data rate requirement from 100 kbps to 800 kbps as illustrated

in Fig. 4. It is observed that with the increase in V2N data rate

requirement, the weighted sum rate of V2V pairs decreases in

all schemes. This is because the V2N increases transmit power

in order to guarantee the V2N data rate. The increase in the

V2N transmit powers generates more interferences to the V2V

pairs, hence degrades the system performance. However, the

proposed scheme achieves the highest rate in comparison with

the two other schemes.

Fig. 4: Weighted sum rate of V2V pairs over data rate

requirement of V2N users

D. The impact of vehicle clustering on performance
In Fig. 5, we evaluate the impact of vehicle clustering on the

system performance in terms of the weighted sum rate of V2V

pairs. The proposed scheme achieves the highest rate than the

other two schemes, because the clusters are formed by mini-

mizing intra cluster interference. The fixed dimension scheme

[39] also considers intra cluster interference, where each

cluster is formed with equal number of vehicles. However,

this approach could not minimize the interference to the barest

level. The random clustering recorded the worst performance,

because it doesn’t consider intra cluster interference in the

cluster formation process, rather vehicles are clustered based

on uniform distribution.

E. The impact of vehicle speed on performance
Fig. 6 illustrates the weighted sum rate of V2V pairs with

an increasing vehicle speed. We observe that the weighted sum
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Fig. 5: Impact of vehicle clustering on the system performance

rate of V2V pairs in all schemes is inversely proportional to the

vehicle speed. This is because the increase of the vehicle speed

induces a sparse vehicle traffic, which reduces transmission

data rates and the overall system performance. The proposed

scheme performs better than other schemes.

Fig. 6: Weighted sum rate of V2V pairs with varying vehicle

speed

F. V2V user’s satisfaction on received content

The cumulative density function (CDF) of the satisfaction

of V2V content receivers RT ′s is illustrated in Fig. 7, which

is based on the similarity of user’s preference on content.

This is determined by the level of social relationship between

V2V content transmitter and content receiver. We evaluate

the satisfaction of socially aware and socially unaware V2V

pairs by varying the threshold of relationship intensity. The

percentage of V2V receivers with satisfaction of 90% and

above are as follows; for the socially unaware scheme we have

14%, and for the socially aware scheme when the threshold is

set at 0.5 and 0.7, we have 24% and 33%, respectively.

Fig. 7: Satisfaction of V2V recievers on content

Fig. 8: Impact of number of vehicles on throughput

G. Impact of number of vehicles on throughput
Fig. 8 shows the impact of the number of vehicles on system

throughput. The throughput is proportional to the number

of vehicles in all schemes. When the number of vehicles

increases, the system throughput increases. Because with a

small number of vehicles, there are few vehicles to share

content through V2V communications. Most vehicles have to

receive content through the eNodeB using the V2N communi-

cation, which results in low throughput. When the number

of vehicles increases, more vehicles share content through

V2V communication, eventually improving throughput. The

proposed scheme achieves the highest throughput than the

existing schemes.
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VII. CONCLUSIONS

In this paper, we propose an efficient content dissemination

scheme which is designed based on the exploitation of social

attributes and physical attributes of the users. We apply the

Bayesian non-parametric methods to obtain the similarity in

preference of the users, which is used to pair the V2V users

for content dissemination. To improve the system performance,

we consider users’ QoS in both uplink and downlink channels.

Furthermore, for spectrum reuse in the underlaying cellular

network, we propose an improved matching algorithm for

channel allocation. Simulation results show that the proposed

scheme achieves a better performance than other existing

schemes.
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