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The innovative architecture of Device-to-Device (D2D) underlying LTE/LTE-A
networks is brought up to enable efficient discovery and communication between proxi-
mate devices. However, enabling D2D communications in a cellular network poses a
major challenge that Quality of Service (QoS) requirements of D2D communications
need to be guaranteed. Thus, synchronization between devices becomes a necessity and
Radio Resource Management (RRM) becomes a key design aspect to enable D2D com-
munication, where resource allocation phase is one of the most critical aspects. The pro-
blem of resource allocation in D2D communication system is a combinatorial optimiza-
tion issue, difficult to obtain optimum solutions in polynomial time. In order to reduce
complexity, it can be solved by using linear algorithms or by metaheuristic methods. In
this paper an Ant Colony Optimization (ACO) based resource allocation and resource
sharing scheme for Vehicle-to-Vehicle (V2V) based D2D communications in LTE-A
networks is introduced. The swarm intelligence algorithm ACO, which is a typical algo-
rithm of metaheuristic methods, is adopted to resolve the optimization problem of max-
imizing the network sum rate while considering the QoS requirements.
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1. INTRODUCTION

Internet of Things (IoT) is an integrated element of future internet containing exist-
ing and evolving network and Internet progress [1]. Conceptually, it could be defined as
a global dynamic network infrastructure with self-management and self-configuration
capabilities based on interoperable and standard communication protocols [2]. Device-
to-Device (D2D) communication, introduced in Release 12 [3] to enable direct commu-
nications between devices, is an intrinsic part of the IoT. With D2D, devices autono-
mously communicate with each other, allowing spatial resource reuse that can cause sig-
nificant performance improvements. LTE Release 14 [4] is thus expanding the concept
of cellular network to specifically address Vehicle-to-Vehicle (V2V) and, in general,
Vehicle-to-everything (V2X) communications [5]. In order to meet the increased re-
quirements for D2D data services, the Radio Resource Management (RRM) plays a cru-
cial role in handling limited radio resources to improve system’s data rate and to ensure
Quality of Service (QoS) provisioning [6]. LTE RRM introduced in the Third Generation
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Partnership Project (3GPP) TS 36.300 [7] includes a wide variety of procedures and
techniques, such as packet scheduling and resource allocation. One of the main openly
debated issues in LTE-V2V is the resource allocation. Several resource allocation
mechanisms for V2V have been introduced in the literature where the efficient utilization
of radio resources is fundamental to achieve the system performance targets and to en-
sure the QoS requirements. Authors in [8] aim maximize the overall network sum rate
while guaranteeing the QoS requirements for both D2D users and Cellular Users (C-
UEs). For this purpose, a sophisticated three stage resource allocation and power control
algorithm was proposed. In [9], a heuristic algorithm has been developed where reliabil-
ity and latency requirements of V2V links have been formulated into optimization con-
straints using only large-scale fading information. Likewise, authors in [10] proposed a
two-step resource allocation and power control algorithm for V2V communication con-
sidering the QoS requirements of both vehicular users (V-UEs) and C-UEs. In [11], a
proximity and load-aware resource allocation algorithm for V2V communication under
slowly varying channel information is proposed, exploiting the spatio-temporal traffic
patterns in terms of vehicles’ physical proximity and service delay. Authors in [12] also
adopt the strategy of location-based resource allocation for V2V communication. They
proposed a resource allocation algorithm allocating resources based on the position,
speed, direction, and density of vehicles, where two physically close Users Equipment
(UEs) can directly communicate with each other. Three promising gains can thus be re-
alized via resources sharing; reuse, hop, and proximity gains [13]. In [14], multiple Re-
source Block (RBs) are allowed to be shared not only between one V-UE and one C-UE
but also among different vehicular users. In [15], the authors designed a centralized re-
source allocation strategy based on the position of the vehicles inside a single cell. Firstly,
the proposed approach defines a spatial resource reuse strategy. Secondly, authors pro-
posed two resource allocation schemes for both C-UEs and V-UEs. In [16], an Ant Col-
ony Optimization (ACO) based resource allocation algorithm is proposed for C-UEs and
V-UEs where two sets of RBs are adaptively assigned to each type of users.

In this paper, we propose an ACO based system model for resource allocation and
resource sharing to maximize the overall network sum rate while satisfying the QoS re-
quirements of users. The proposed algorithm consists of two main phases: resource allo-
cation phase and resource sharing phase. In the first phase, the algorithm assigns RBs to
C-UE based on user’s outage probability and fairness index. In the second phase, it se-
lects the suitable V-UE partner to each pair (C-UE, RB) to share the same resource,
based on the interference link gain from the V-UE to the C-UE on this RB. This paper is
organized as follows. Section 2 describes the proposed scheduling algorithm. Section 3
presents the simulation results and performance analysis. Finally, section 4 concludes
this paper.

2. SYSTEM MODEL AND ALGORITHM DESCRIPTION

In this section, an ACO-based system model for the resource allocation between
C-UEs and V-UEs is proposed to maximize the overall network sum rate under the con-
straint of satisfying the QoS requirements of both V-UEs and C-UEs.
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2.1 Ant Colony Optimization

ACO is a typical algorithm of swarm intelligence which has become a new research
hotspot. Its main idea is inspired from the behavior of seeking out food by colonies of
ants [17]. Ants use a volatile chemical substance, called pheromone, a kind of biochemi-
cal smell, which is left behind them. Other ants are attracted by these pheromones and
always follow the direction with the highest concentration of pheromone. Ants com-
municate with each other through pheromones. Their typical task is to look for the short-
est path in a given graph. To each edge of the graph a certain preliminary pheromone
value is assigned representing the desirability for choosing this edge. One single ant
builds a complete path by choosing one edge after another according to the following
equation:
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Eq. (1) describes the probability for selecting edge ij when starting from node i. 7;
is the pheromone value, 77;; is the heuristic information indicating the attractiveness of
the move, and M refers to the neighborhood of node i. @ and f are weighting parameters
used to adjust the influence of heuristic information and pheromone. ACO is based on
three phases: the pheromone evaporation, the update of local pheromone, and the update
of global pheromone on the best path. The evaporation of the local pheromone is given
as:

5= (1 - p)z,. )

Where 0 < p <1 is a parameter controlling the local pheromone evaporation. The p
role is to make the system converge to a good solution by forgetting the bad routes. After
building a complete path, pheromone values must be updated. Each ant deposits phero-
mone on the path it went through as follows:

L= Tt To, 3)
where 7 is the initial value of local pheromone. When all the ants have traversed all the
edges, only the ant that generated the best path is allowed to update the concentration of
pheromone on the edges, and the global pheromone is updated according to:

T, =1, +AT) 4

Where Az/¢" indicates the pheromone on the best path.

2.2 ACO-based Resource Allocation
In this section, we introduce a resource allocation technique that can fulfill the QoS

requirements for all users by prioritizing users with the lowest rate of outage probability
and the best fairness index.



510 SOUHIR FEKI, AYMEN BELGHITH AND FAOUZI ZARAI

Fig. 1. ACO graph for RBs allocation.

In the proposed algorithm, each cell maintains a graphic for the ACO algorithm and
ants choose users for the current RB with a certain probability. The chosen routes are
saved in a matrix, as shown in Fig. 1. When node is chosen more times, more guidelines
information will be offered and ants would like to select it next time.

The probability that RB 7 is allocated to user k is calculated according to Eq. (1),
where the pair of nodes (i, j) is replaced by the pair of user and RB (&, n). This probabil-
ity is calculated as follows:

pm _ [Tk,n ]a [77/(,/1 ]ﬂ
b ZIEM,'," [Tl,n ]‘1’ [’71,)1

7 (5)

Where M" represents the set of available users to select for ant m on RB n, which
can be updated after each selection of a user. Recall that when an ant constructs a solu-
tion, each local pheromone is updated according to Eq. (3). After acquiring all solutions,
the system evaluates, under different judge functions, the quality of the solutions and
updates the corresponding pheromone. In the proposed algorithm, the heuristic infor-
mation of user £ on RB 7 is measured in terms of the number of bits that can be trans-
mitted. The higher the transmission rate of user k£ on the RB n, the higher is the probabil-
ity for the user to be allocated. This information is calculated as follows:

77k,n = 510g2 (1+7/k,n)' (6)

Where Jis the number of symbols per RB and ., is the instantaneous Signal to In-
terference and Noise Ratio (SINR) of user k£ on RB n. y., is calculated as follows:

Pk,nHk,n
: (M
NO + Zk'eK/k })k',nHk',n

}/kﬂ =

Where Py, and Hy, are the transmission power and the channel gain, respectively,
of user k over RB n. N, represents the noise spectral density. The interference term in the
denominator represents the aggregate interference at user k caused by the transmissions
of other users k'eK\ {k} on same RB n.

The outage probability of users is an important metric that can improve the network
QoS, so it is necessary to consider it in order to meet the users’ communication quality
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requirements. The outage probability is defined as the probability that the immediate
mutual information of the channel is under the transmitted code rate [18]. Thus, for N,
RBs allocated to user £, its outage probability (i.e. the probability that M error-free bits
cannot be transmitted by any coding scheme) is defined as follows:

Ny
" =Pr{2510g2(1+7k,n)<Mk} (®)

n=1

Where yx, is calculated according to Eq. (7) and M, is the required number of bits
of user k. Since our optimization problem is to maximize the network sum rate, we aim to

Ny
maximize Z dlog,(1+y,,) for all N; RBs allocated to user £.
n=1
We define the judge function of users as the tradeoff between the outage probability
and the fairness information of the user, User Fairness Index (UFI) [19, 20]. UFI is based

on the throughput and it is calculated for each user in the cell as follows:
UFI, =T, /T;“. )

Where T, and qu are the throughput and the throughput required by user £, respec-
tively. Then, the judge function is defined as follows:

S = (1= B™)+ (1= ) * UFI,. (10)

Where x is a weighting parameter used to modulate the contribution of (1 —P;")
and UFI,. Therefore, after acquiring all solutions, the user with the best tradeoff between
the outage probability and the fairness index, has the best allocation. Note that the global
pheromone is updated according to Eq. (4). Fig. 2 gives the flow chart of the proposed
allocation algorithm.

ACO-based resource allocation algorithm

{Inputs}

K, < Number of C-UEs;

N <« Number of RBs;

Ark',,b ! < The pheromone on the best path

Set C-UE = {C-UE,, C-UE,, ..., C-UEk.}

SCt_RB = {RBl, RBz, ceey RBN}

1o=1; % initial value of pheromone

a=3; f=1; u=0.5; % weighting parameters

p=0.1; % parameter controlling the local pheromone evaporation
{Main}

Calculate y(k,, n), with (k., n) € Set C-UE * Set RB
Calculate P(k,, n), with (k., n) € Set C-UE * Set RB

Find (%, n) = max P(k., n), with (k., n) € Set_C-UE * Set RB
Assign RB,, to C-UE,,

Update Set of RBs: Set RB =Set RB\ {n}

Update 7,0 Thon= Tkon T 70, With neN,

Update 7., T = Tkpn — LTkens With nEN,
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Calculate the judge function of C-UE,,
Find(k,.) = max judge function(k,), with k. € Set_ C-UE
Update 7,0 Thon= Thpn+ ATk, With n € N,

‘ Step 1: Calculate the heuristic information ‘

\ 4
‘ Step 2: Calculate the probability that RB # is allocated to user & ‘
[l

v
‘ Step 3: RBs allocation ‘
|

v
‘ Step 4: Update the local pheromone

v

‘ Step 5: Calculate the judge function '
|

Best solution?

Step 6: Update the global pheromone
Il

Fig. 2. Flow chart of the proposed algorithm.

2.3 Radio Resources Sharing

The sharing of resources between cellular and V2V connections is determined by
the eNodeB so they are assumed capable of choosing the best resource sharing scheme
for V2V and cellular connections. Three resource allocation modes are considered.

— Orthogonal sharing mode: V2V communication uses dedicated resources i.e., V2V com-
munication gets part of the resources and leaves the remaining part of resources to the
C-UEs,

— Non-orthogonal sharing mode: both V2V and cellular traffics use the same resources,

— Cellular mode: V2V users communicate with each other via the BS that acts as a relay
node.

Although orthogonal RBs sharing eases the task of interference management, better
resource utilization may be attained by non-orthogonal RBs sharing. So, each V-UE can
share the same RB with exactly one C-UE, and vice versa. In the proposed resources
sharing algorithm, an ACO graphic is generated where ants choose users for sharing the
same RB with a certain probability.
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C-UE, | C-UE, | .. C-UE.
V-UE, Py Py Py
V-UE, Py Py Py
V_UEV Pv,l Pv,2 PKV,KC

Fig. 3. ACO graph for RBs sharing.

The probability that V-UE £, shares the same RB with the C-UE £, is:

m [Tkv N ]a [’71{\, Sk, ,n ]ﬁ

pk\,,kt,,n = B -
ZIEM:‘Y, [Tk‘, N ]a [’71{‘, Jn ]

(11)

Where M;:z represents the set of available C-UEs to select for ant m on V-UE £,

The heuristic value 7., of users &, and k. on RB 7 is measured in terms of the ag-
gregate interference at C-UE k. caused by the transmission of V-UEs £, on the RB n. So,
the k,th V-UE can share the nth RB with the k.th C-UE only if the SINR 4, ,is higher
than a defined SINR threshold (SINR7y) as shown in Eq. (12):

(12)

7 if (7,{‘”" > SINR,;,)
i, &, n 0 else .

% 15 calculated according to Eq. (7), where k'=k.. The lower the interference the
higher is the probability for the RB # to be shared between £, and k,. The probability of
sharing an RB between a V-UE and a C-UE is calculated according to the heuristic and
the pheromone values. In the heuristic information, we have considered the interference
to fulfill the users’ QoS requirements. In the global pheromone update, we consider the
number of bits that can be transmitted by the V-UE on this RB in order to improve the
network sum rate. Thus, the judge function is measured in terms of the number of bits
that can be transmitted calculated in Eq. (6). After acquiring all solutions, the V-UE and
C-UE pair with the lowest interference and best transmission capacity on an RB, has the
best resource sharing, and the global pheromone is updated according to Eq. (4).

ACO-based resource sharing algorithm

{Inputs}

K. < Number of C-UEs;

K, < Number of V-UEs;

N <« Number of RBs;

Arkwk(,,,b ! « The pheromone on the best path

Set C-UE = {C-UE,, C-UE,, ..., C-UEg }

Set_V-UE = {V-UE,, V-UE,, ..., V-UEg }

Set RB = {RB, RB,, ..., RBy}

7= 1; % initial value of pheromone

a=3; f=1; u=0.5; % weighting parameters

p=0.1; % parameter controlling the local pheromone evaporation
{Main}

Calculate y(k,, k., n), with (k,, k., n) € Set V-UE* Set C-UE* Set RB
Calculate P(k,, k., n), with (k,, k., n) € Set V-UE* Set C-UE* Set RB
Find (k,, k., n) = max P(k,, k., n), with (k,, k., n) € Set_V-UE* Set C-UE* Set RB
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Share RB, between C-UE;_and V-UE;

Update Set of RBs: Set RB = Set RB\ {n}

Update %kt ko= Tukon = Pl s With n € Ny and n € N,
Find(k,) =max judge function(k,), with &, € Set_ V-UE
Update % 0 Tn=Tnt Arkwn””’, with n € Ny,

3. PERFORMANCE EVALUATION

In this section, we present the simulation results of our proposed resource allocation
algorithm as well as the two resource allocation algorithms: position-based resource al-
location [12] and location dependent resource allocation [15]. The position-based re-
source allocation algorithm allocates different time and frequency resources based on
vehicle position, speed, direction, and density. The location dependent resource alloca-
tion defines a spatial resource reuse strategy to reuses the available resources, by sepa-
rating between C-UEs and V-UEs using the same resources. Simulations were performed
using a multi-user and multi-cell MATLAB simulator based on LTE-A network [21]. It
implements the transmission in both downlink and uplink and supports both C-UEs and
V-UEs. We consider a simulation model composed of a total number of C-UEs and
V-UEs users varying between 100 and 500 where the number of V-UEs is 50% of the
total number of users. C-UEs have random positions and random distribution inside the
sector and V-UEs move in freeway scenario, the users’ locations should be updated eve-
ry 100ms during the simulation. The simulation parameters are presented in Table 1. The
use cases implemented in vehicular traffic are presented in Table 2.

Table 1. Simulation parameters.

Parameter Value
Cell Radius 1.5 km
Number of eNodeB 1
Carrier frequency 2 GHz
System bandwidth 5 MHz
Number of RBs 25 RBs
Traffic model for CUEs VolIP, Video, and FTP
VolIP packet generation interval 20 ms
Video packet generation interval = Video delay threshold 100 ms
FTP packet generation interval 10 ms
Video delay threshold 150 ms
FTP delay threshold 300 ms
C-UEs speed between 5 and 150 (km/hr)
V-UEs speed between 30 and 150 (km/hr)

Maximum UEs transmit power

23 dBm

Total Number of V-UEs/C-UEs 100 -500
Simulation length 5000 TTI
TTI length 1 ms
Scheduling/Allocation resource Per TTI
SINRy 10 dB
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Table 2. Use cases of V2V services [22].

V2V service - Maximum | Message
. Description .
scenarios latency size
Emergency Ve- | This service enables each vehicle to acquire
. . . R . 50-300
hicle Warning the speed, location, and direction information 50 ms Bvtes
of a surrounding emergency vehicle. Y
Emergency Stop | This service describes V2V communication 50 ms 50-300
used in case of emergency stop. Bytes
Pre-crash Sens- This service provides warnings to vehicles in 50-300
. . L. . - 20 ms
ing Warning imminent and unavoidable collision. Bytes

Figs. 4 and 5 respectively depict the influence of ACO parameters « and f. The
choice of these parameters will indeed affect the performance of the proposed scheme.
We note that when we increase £ (i.e. the heuristic information influence) on the detri-
ment of ¢, the network sum rate of C-UEs increases while the fairness index of C-UEs
decreases. As shown in Figs. 4 and 5, when taking different values of « and g for C-UEs,
the margin between the two curves is more important in the fairness index comparing
with that the sum rate. Thus, we deduce that selecting =3 and =1 provides the best
tradeoff network sum rate/fairness index. Moreover, we also notice that increasing « im-
proves considerably the network sum rate of V-UEs. Decreasing £ does not imply that
more C-UE RBs will suffer from interference caused by V-UEs. Furthermore, increasing
L has a negligible importance as we always select the V-UE with condition (SINR >
SINR7g).

—— V-UEs (a=3, f=1) —&— V-UEs [o=1, B=3) 1
] C-UEs (a=3 B=1) —pe— C-UEs (a=1, B=3) 095 ‘-\
e v 09 >
£ 6 % 0.85
E S 50
=50 T 08
= S £ ~u
& 4 % 075
g x~ ‘_,/*/4 E o7
a3 ?
- 065 +— C-UEs (a=3, B=1)
E z 06
5 1 055 O C-UEs (=1 B—‘H
0 05
100 200 300 400 500 100 200 300 400 500
Total number of UEs Total number of UEs
Fig. 4. Network sum rate in ACO-based re- Fig. 5. Fairness index in ACO-based resource
source allocation algorithm. allocation algorithm.

Figs. 6 and 7 show the average user throughput of C-UEs and V-UEs inside the cell,
respectively. Our algorithm reaches the best sum rate as it considers the channel state of
both C-UEs and V-UEs. It utilizes efficiently the radio resource since it calculates the
heuristic information based on the number of bits that can be transmitted. The higher the
transmission rate of the user on the RB, the higher is the probability for the user to be
allocated. As well in the judge function of C-UEs, user with the lowest outage probabil-
ity has the best allocation. As expected, the position-based resource allocation provides the
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worst sum rate as it assigns statically a number of RBs to each set of UEs. Also, it does
not implement the resource sharing between UEs.

=
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| el i

—— ACC-ba=d Resource Allocation
—f— Position-hased Resource Allocation

wa
wmow o
@

I

ra

Matwaork sumrate(Mbps)
- el A=l M
\
\ \
\
\
|
[ ¢
- |
Metwork sumirate (Mbps)
0.
&
N\

—f— Position-based Resource Allocation

ns 1
—— Location Dependent Resource Allocation — Location Dependent Resource Allocation
n 1]
100 200 300 400 500 100 200 300 400 500
Number of UEs Number of UEs

Fig. 6. Network sum rate of V-UEs. Fig. 7. Network sum rate of C-UEs.

Fairnessindex

:ﬁz E: & ACCHTE==d Resource Alfocation 04 OO b Ren e Al

. = i 03
o5 —— Position-based Resource Allocation o B Fesition based Rescie Allocation
01 01 4 e | nration Dependent Resourre Allocation

a 0

100 200 300 400 500 100 200 300 400 500
Number of UEs Number of UEs
Fig. 8. Fairness index of V-UEs. Fig. 9. Fairness index of C-UEs.

As shown in Figs. 8 and 9, the proposed algorithm gives the best fairness rates. The
resources allocation process is triggered according to the channel state of all users in the
network. It does not depend only on the previous state of the channel. In order to avoid
discrimination between users with poor or strong channel quality, it considers all the
variation in the channel state by using the global pheromone which brings more fairness.

In D2D communication, to assign a static number of RBs to each type of traffic or
spatial area yields to a spectrum resource waste. As well, better resource utilization in the
network may be reached by non-orthogonal RBs sharing. The proposed algorithm allo-
cates RBs in adaptive way and implements the non-orthogonal RBs sharing. Thus, ac-
cording to Fig. 10, the performance of our algorithm in terms of resource utilization ratio
is the best. As well, according to Fig. 11, our proposed algorithm achieves the best PDR
rate. In the one hand, the smart management of the BRs decreases the PDR rate. In the
other hand, the high rate of outage probability may increase the PDR rate while our pro-
posed algorithm assigns RBs to C-UEs with lowest outage probability.
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Fig. 10. Resource utilisation ratio. Fig. 11. Packet drop rate of UEs.

Maximizing the network sum rate is a target feature of resource allocation strategies.
However, there are other important QoS requirements that must be considered. A trade-
off between performance and QoS requirements when implementing resource allocation
in wireless networks is a challenge. In this paper, an ACO-based system model for re-
source allocation between C-UEs and V-UEs was proposed to maximize the overall
network sum rate under the constraint of satisfying the QoS requirements of both V-UEs
and C-UEs. Using mathematical constraints, the resource allocation process has been
formulated as an optimization problem, taking into consideration the requirements of
both C-UEs and V-UEs and allowing them to share the same resources. The ACO is used
in this algorithm to resolve this optimization problem.

The proposed algorithm is compared with other resource allocation algorithms from
the literature. Simulation results indicate that our approach has significant performance
gain. It yields not only better cellular and vehicular sum rates as well as fairness perfor-
mance, but also improves PDR compared to the considered existing schemes. Further-
more, when analysing the runtime complexity of our algorithm as compared with other
resource allocation algorithms, we found that our runtime complexity is much lower and
thus optimized dueprimarily to the pheromone behaviour. In fact, the use of pheromone
narrows considerably the search space for optimal solution by taking into account the
optimal made allocations in the previous TTIs.
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