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Background. Due to the great increase of accident into roads, vehicular communication becomes the focus of many
researchers. Therefore vehicular communication is becoming an active topic of search. That’s why safety driving is the main
concern of many researcher to mitigate congestion problems specifically following urban scenario. Due to the requirement of
URLLC, we investigate in this paper the importance of power diminishing. In fact, power minimization is an interesting
metric due to the requirement of high data rates.

Objective. The aim of the paper is to investigate power allocation into LTE-V system following a decentralized scenario.

Methods. The idea is to consider a platoon with a set of vehicles interacting together for network resources without the
help of ENodeB. Power consumption minimization is a promising solution for interference diminishing since vehicles
communicate according to a decentralized way. In this regard the theoretical analysis is based on applying stackelberg game
policy for power control in the way to minimize interference.

Results. We conclude that stackelberg game policy is a powerful tool for interference and power consumption
management. Computer results highlight the efficiency of SK game for power allocation into a decentralized scenario.

Conclusions. Vehicular Autonomous communication attracted the attention of many researchers according to increasing
number of congestion together with traffic problems. In addition, to ensure better safety we adopt platooning scenario which
enables mitigations of many problems such as collisions, congestion. Inter-car communication is an interesting topic of search
to ensure safety into-roads. In addition, platooning has the potential to ensure safety with low energy consumption specifically
towards urban traffic. In addition, LTE-V is a heuristic solution for vehicular communication where the connectivity is
performed in a decentralized context without the requirement of the ENodeB.
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In particular, in this paper we investigate power

1. INTRODUCTION

Due to the great increase of accident into roads, vehicular
communication becomes the focus of many researchers.
Therefore vehicular communication is becoming an active
topic of search. That’s why safety driving is the main
concern of many researcher to mitigate congestion problems
specifically following urban scenario. Due to the requirement
of URLLC, we investigate in this paper the importance of
power diminishing. In fact, power minimization is an
interesting metric due to the requirement of high data rates.

The enhancement of traffic congestion joint with accident
occurrence motivates many researchers to focus on vehicular
communication.

In [1], the idea was to exploit resource allocation for
latency minimization together with reliability ensuring.
Authors in [2] presented an accurate description of the
physical layer structure relied to LTE-V R14. Examination
work presented in [3] was about performance analysis of
LTE-V platooning scenario in terms of latency and
throughput for differents layers. In [4], authors investigated
the performance of LTE-V in terms of different indicators
such as packet error rate and delay. In our previous work [5],
the objective was to investigate the latency for LTE-V mode
4 by considering an urban scenario. The contribution in [6]
was stackelberg game tools exploitation for power
expenditure minimization into small cells according to an
uplink scenario. Stackelberg game (SK) was also proposed in
[7] for power minimization and throughput enhancement for
D2D system. In [8], authors investigated differents types of
platoon ‘s stabiltiy for latency examination. In [9], the idea is
interference examination through power control into a device
to device scenario using stackelberg game tools. Reference
[10] exploits SK game for power allocation and interference
management for a heterogeneous scenario. SK game
principle is exploited in [11] for power allocation into small
cell for interference reduction.

consumption into LTE-V system.

In this contribution, we examine the challenges of power
expenditure and interference into LTE-V Mode 4 system.

The rest of this paper is structured as the following.
Section II presents LTE-V system description. The
modelling is explained in section III. We state the theoretical
analysis and problem formulation in section IV. Simulation
results will be the purpose of section V. At the end, we state
the conclusion in section VI.

II. LTE-V SYSTEM DESCRIPTION

Since LTE-V technology was recognized by the high data
rates, it is adopted as a powerful technology enabling
vehicular communication. Indeed, LTE-V is considered as a
cellular enabler providing connectivity between cars. In other
side, LTE technology is a promising technology allowing
high data rates.

LTE-V R14 is defined following two types such as mode
3 where vehicles communicates with the help of ENodeB,
mode 4 stands for an autonomous context in which cars
interacts in decentralized way without the requirement of
ENodeB. The communication is performed through smart
devices incorporation ensuring safety into roads.

The driver is alerted frequently for each detected problem
whether it is related to possibility of collision or other type of
accident. In this regard, the considered vehicle broadcasts the
information to its neighbors. The communication between
cars is performed directly through PC5 without the help of
the ENodeB. Safety requires reliability in the regard of
information exchange especially when the considered
scenario is side link. The periodic messages’ exchange is
about velocity, position, road's behavior. Note that the
transmitted messages are updated during the travel. The
exchanged information prevent from traffic jamming
avoiding collision. The communication is enabled through
On Board Units (OBU) integration. Otherwise, the
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interaction between vehicles is performed in sidelink way
where the driver receives instantaneous warning messages.
The communication between vehicles is performed in direct
way according to a decentralized scenario following a
platoon scenario.

Resource block allocation is performed randomly
between cars without the help of the ENodeB. Indeed, the
platoon leader manages resource block assignement. Hence,
the interference represents a challenging problem in this
case.

I11.

The considered scenario is based on urban traffic where
vehicles communicate exploiting LTE-V  technology
following a platoon approach. LTE-V is the adopted cellular
technology allowing vehicular communication following a
platoon scenario. In addition, platoon scheme helps on
energy  efficiency  improvement and  congestion
minimization.

MODELING

We consider a set of cars denoted by S,={1,2,..., K}
arranged following a platoon scenario. Each vehicle is
identified by its velocity, position and acceleration. Vehicles
interact in noncooperative way where the inter-vehicle
distance is the same.

The coordination between followers is enabled by the
leader since coordination is important to ensure stability of
the platoon. The platoon scenario is composed of a leader
and K followers in which the leader moves firstly. Note that
Platoon represents a cluster of vehicles exchanging
information related to road status such as speed, traffic. We
denote by K the size of the considered platoon. Note that
Platooning is a prominent solution which manages the traffic.
The spacing between vehicles is assumed the same in which
the leader starts by sending the required actions that follower
should do in the second step. The leader starts by sending its
own velocity to the follower to know how to react.
Therefore, the communication between cars is done directly
through PC5 protocol without the requirement of ENodeB.
Furthermore, decentralized approach is interesting since it
shows the behaviour of each vehicle.

Platooning arrangement is a powerful schema for power
expenditure mitigation but the space between vehicles should
be maintained to ensure stability. The communication is
performed through sensors integration. The considered
platoon model is represented by Figure 1.1 which is
composed of a leader responsible of transmitting strategy to
the other followers. Note that since we consider autonomous
communication without the need of the ENodeB , exchange
of information between cars is performed via PC5 protocol.

Stackelberg game method is based on a leader with a set
of follower moving in a noncooperative way. We assume
that the leader moves at first followed by the other cars.

We consider a leader and a set of follower Sy moving
following a platoon scenario which provides efficiency in
driving. We denote by the first car as the leader of the
platoon exchanging information with the other vehicles
acting as follower. The aim of platoon exploitation is driving
stability. The shared messages are transmitted via PC5
interface.

Otherwise, follower strategy is based on the leader
reaction. The leader starts by sending its own position,
velocity to the other follower which reply by acting by the
same acceleration to keep the platoon stability. In addition,
interference implies traffic problems especially in the case of
information exchange since data should be transmitted in real
time. That’s why the power consumption diminishing is the
key indicator for interference reduction. In other side, energy
expenditure depends on cars’ speed. Therefore, the
coordination between the leader and the followers into the
platoon has the potential to minimize fuel expenditure and
it’s a better solution for traffic management.

The set of vehicles is indexed by k where each vehicle
transmits a packet of information following a given
transmitted power Py.

Moreover, the first vehicles represents the leader which is
responsible of broadcasting safety messages related to speed,
distance and position. Afterwards, the driving strategy is
planned by the leader in which the outcome is to reach the
Stackelberg equilibrium (SE).

We should mention that communication between cars is
done without the help of the ENodeB according to a
decentralized scenario.

Figure 1.1. Platooning LTE-V model

Iv.

Vehicles’ behaviour into the platoon scenario is
highlighted following a theoretical analysis where we start
by defining the channel model by :

Yii= hii Xii + Ny

PROBLEM FORMULATION

(1
Where :

e Y,;: corresponds to the kth vehicle's received
signal following the ith RB.

e  hy;: channel gain
e Xy :transmitted signal related to the kth vehicle.

e N, : Noise variance

The aim is utility maximization under the constraint of
power. The set of vehicles is defined by S, = [1,2...K]. We
exploit stackelberg game tools to define the non cooperative
interaction between cars. Stackelberg game (SK) is exploited
for power consumption minimization purpose. Indeed, SK
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game is based on a leader who states the strategy for a set of
follower , which is a powerful tool to investigate the
interaction between cars.

In addition, power allocation is an important metric for
interference minimization especially as vehicles' speed varies
according to the traffic condition. The idea is to adjust
dynamically the transmitted power according to the SK
policy.

Furthermore, if we consider a set of vehicles where each
one trying to increase its own power, the interference could
be enhanced. For this reason, a transmitted power algorithm
should be applied.

In stackelberg game, each vehicle selects its own power
strategy depending on the leader activity.

We denote by Py =[P,,P,,...Px] the transmitted power
vector of K vehicles which respects a maximum transmitted
power Pmax. Therefore, each vehicle should control its
transmitted power for interference mitigation since data
exchange between cars requires more energy. The purpose is
to determine the optimal transmitted power serving for utility
maximization. Indeed, the leader exploits more transmitted
power to send information about the required strategy for the
follower.

To achive this objective,the utiliyy function is defined as
a function of the throughput and transmit power.

The Stackelberg game is defined by F={ Sy ,P\,Uy} in
which Sy corresponds to the set of players or cars in our case
Py the the transmitted power strategy corresponding to the
kth player, Uy stands for the utiliy function. Let Uy (Py) is the
utility function of the leader and Uy (Py.,Py) is the utility
function of the followers. The transmitted power of the kth
vehicle is denoted by Py which is limited to a maximum
threshold denoted by P ux-

Hence, the optimization problem could be represented
respectively by:

Problem 1 :

max UL (PL) 2
PL < Pmax
Problem II :
max Uy (P,Py) 3)

Pk < Pmax

where P, : represents the maximal transmitted power of
cars. To ensure fairness between cars, a limited total
transmitted power P, should be respected. Otherwise,
fairness between cars is mondatry feature into a platoon due
to the data exchanged between vehicles. In addition, resource
blcok assignement is performed with the help of the platoon
leader.

Note that utility function denotes the satisfaction of a
player, the optimization problem 1is analyzed using
stackelberg game tools. Furthermore, the exchanged
information between cars is performed by defining a packet
with a length L and a transmitted data rate R expressed in
(bit/s). Thus, the throughput is expressed by [9]:

Tv,k = Rv,k .f(Yv,k) (4)

where f(yvx) is the efficiency function representing the
successful reception of packets which is defined by [0,1]
values. According to [13] the efficiency function f(yy) could
be expressed by :

ford = (1 —exp(-v)) - (%)

where vy, stands for the received SINR by the kth car
towards the corresponding resource block which could be
represented by :

P R
hit+82
Pjhj+8%

Vi (Pr, P_i) :2] (6)

j#k

where :

e P, the corresponding transmitted power of
another vehicle different of the kth car.

e  hy represents the channel gain of the kth vehicle

Note that the reliability is performed whenever vy > v, in
which v, refers to the threshold SINR. We should mention
that this condition is defined with the maximum limited
transmitted power P .

The utility function of each car is maximized
independently following non cooperative game. The utility
function is expressed by [12]:

U(Pk,Px) = Ti/ P = (R * f (Y1) / Py @)

where:

Py corresponds to the transmitted power of the kth
vehicle. Py corresponds to the power of a car other than
vehicle k. Otherwise, the utility function stands for the
amount of the transmitted information. By the way the
Stackelberg equilibrium (SE) for the considered stackelberg
game is defined by (P_*, P¢*) where P * corresponds to
problem I solution and P¢* stands for problem II solution. We
should mention that the utility’s expression depicted in (7) is
expressed in bits/Joule.

Firstly, the following condition should be respected:

Ur(PL*)> Ur(Pr) ®)

Uy (Pr*,P¢*) > Up (P, P_¢*)

Note that the followers’ startegy is to adjust the
transmitted power in the way to maximize the utility in
noncooperative way.

The next purpose is to determine the Nash equilibrium
(NE) of SK ensuring no deviation. NE is defined through
optimal power strategy. Therefore, NE is determined by
taking the first derivative of utility function with respect to
transmit power Py as:

v PRP-K) _ 0, where k=1,...K
e s yees
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Note that y; (Pg, P_y) is defined in (6). Equation (9) relies to
the derivation of y, According to [12]. By this way (9)
could be expressed by:

dUr _ R

-2 df(Yk)
ap, pZ K

- (Vi) (10)

By this way the optimal transmitted power P; required for
utility maximization corresponds to:

£y — () =0 (n
Note that utility’s vehicle could be maximized whenever

SINR denoted by yk = ¥} representing equilibrium status
which implies that the transmitted power is expressed by:

P = [V * (Ckej huc® Pri + 0%/ (12)

Being:

o2 stands for the received noise's power reception.

V. NUMERICAL ANALYSIS

In this section, we evaluate the performance of the
decentralized platoon scheme. Figure 2 highlights the utility
function of different follower versus the iteration number.
The potential of the optimization problem is shown through
simulation results.We consider each packet composed of 100
Kbits of information bits. The considered maximum
threshold power is 2 W. We consider 4 number of vehicles
interacting into a decentralized scenario.We have to mention
that we adopt the pathloss model related to urban scenarlo
detailed in [14]. The noise variance is stated at 5.10™° W.
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Figl.Utility illustration vs iteration

We remark from the obtained results that the utility
improves until a constant value as the iteration number
enhances. It is highlighted different utility levels
corresponding to different vehicles occupying different
resource blocks at variable positions. The primary follower
shows best utility’s level. Let us sup up the energy efficiency
increases, as the follower is closer to the leader.

It is illustrated high value of utility performed by the first
follower.
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F1G.2 TRANSMITTED POWER ILLUSTRATION VERSUS

ITERATION NUMBER

Fig.2 highlights a comparaison of the transmitted power of
different followers versus iteration number. We observe a
diminishing into the transmitted power whenever the
iteration number is progressing under the respect of
maximum threshold P, The proximity of the follower
compared to the leader implies that the transmitted power
depends on the pathloss in this case. We should mention that
whenever the distance between the leader and the follower is
important, the transmitted power is minimized due to the
delay of exchanged information such that resource block
assignement requires much time. In addition, the set of cars
interacts in non cooperative way.

VI. CONCLUSION

vehicular Autonomous communication attracted the
attention of many researcher accoding to increasing number
of congestion together with traffic problems. In addition, to
ensure better safety we adopt platooning scenario which
enables mitigations of many problems such as collisions,
congestion. Inter-car communication is an interesting topic
of search to ensure satefy into-roads. In addition, platooning
has the potential to ensure safety with low energy
consumption specifically towards urban traffic. In addition,
LTE-V is a heuristic solution for vehicular communication
where the connectivity is performed in a decentralized
context without the requirement of the ENodeB. Therefore,
safety is more ensured with platooning scenario. We
conclude that platooning is a heuristic solution for cars
cooperation into a decentralized scenario. We adopt the
approach of Stackelberg game principle to maximize the
utility function constrained by power allocation. We
conclude that stackelberg game policy is a powerful tool for
interference and power consumption management. Computer
results highlight the efficiency of SK game for power
allocation into a decentralized scenario. Further work
consider stability into platoon scenario taking into account
other performance indicators such as packet error rate.
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Houda CHIHI, Ridha Bouallegue
Buxopucranns teopii irop Stackelberg nias minimizanii nory:xnocti B pe:xxumi LTE-V 4

IIpo6aemaTnka. Uepes BelnKy KUTbKICTh aBapiii Ha JOpOrax aBTOMOOUTBHUI 3B'SI30K CTAa€ MPEIMETOM yBaru 0araTbox
nociigHuKiB. ToMmy Oe3nexa BOAIHHS € TOJIOBHOIO TypOOTOI0 0aratboX JIOCIHITHHKIB, 00 MOM'SKIIMTH MPOOJIEMH 3aTOpiB,
0CcoONMBO 32 MICBKHUM cieHapieM. Y 3B's3ky 3 BuMororo URLLC, B miit ctarTi M JOCHIHPKYEMO BaXKJIMBICTh 3MCHIIICHHS
noTyHOCTi. DakTUYHO, MiHIMI3allisl TOTYKHOCTI € [IKaBOI0 METPUKOIO Yepe3 BUMOTH BUCOKOI IIBUAKOCTI Tiepeiadi JaHuX.

Meta pociaimkeHHsi. Meroro maHoi pOOOTHM € JOCHIHKEHHS pO3MOAlTy noTyxHocTi B cucremi LTE-V 3a
JIEIICHTPATI30BaHUM CIICHApIEM.

Mertoauka peanizauii. Ines nossirae B TomMy, 100 PpO3IISIHYTH Ipyly 3 HaOOpOM TPaHCIOPTHHUX 3aco0iB, IO
B3a€EMOJIIOTH OJIMH 3 OJHUM JJIsi MepekeBuX pecypciB 0e3 momomoru ENodeB. MiHimizaiisi €HEpProcroXHUBaHHS €
6araToO0IISIFOYNM PILICHHSIM TSI 3MCHILICHHS MIEPEIKO/, OCKIIbKYA TPAHCIIOPTHI 3aCO0U B3a€EMOMIIOTH JACIEHTPai30BaHo. B
LIbOMY BIiJIHOLICHHI TEOPETHMYHMH aHali3 3aCHOBAaHMH Ha 3acTOCyBaHHI irpoBuil momituku Stackelberg nnst ynpaBiiHHS
MOTYXHICTIO TAKMM YMHOM, 1100 MiHIMi3yBaTH IEPEIIKO/IH.

Pe3yabraT gociaimkenb. IrpoBa nomituka Stackelberg € MOTyKHUM iHCTPYMEHTOM [UIsl YHPABIiHHS MEPEIIKOIaMH i
eHeprocroknBaHHsIM. Kommn'toTepHi pe3ynbTaTH MigKpeciooTh edextuBHICTE Ipn SK it posmoainy MOTYXKHOCTI B
JICIICHTPATI30BaHOMY CIIeHapii.

BucHoBKH. ABTOHOMHHII aBTOMOOLIbHMIA 3B'SI30K MPUBEPHYB yBary 0aratboX IOCTIJAHUKIB y 3B'S3KYy 31 30UIbIICHHIM
KUTBKOCTI 3aTOpiB 1 mpobiaemMaMu 3 TOpOKHIM pyXoM. 3B'SI30K MiXK aBTO - I[ikaBa TeMa IMOIIyKy, 00 3a0e31eunTH 3a0BUTEHY
00cTaBHOKY Ha moporax. KpiMm Toro, rpymna Mae MOTEHIial it 3a0e3rneueHHs] Oe3MeKn NpU HU3bKOMY €HEeproCIiOKUBaHHI,
ocobiaBo B Mickkux ymoBax. Kpim Toro, LTE-V sBusie coboro eBpuCTHYHE DIllICHHS Al aBTOMOOINBHOI 3B'SI3Ky, I€
MM IKITFOYCHHST 3MIHCHIOETHCS B ICLIEHTPaTi30BaHOMY KOHTeKcTi 6e3 Bumoru ENodeB.

Kurouosi cioBa: rpa Stackelberg; LTE-V; intepdepenuis.

Houda CHIHI, Ridha Bouallegue
HUcnonb3zoBanue Teopun urp Stackelberg nyiss MunnMu3zanumn MomHocT B pexxume LTE-V 4

[Ipo6aemaTnka. V3-3a OonblmIOro KonW4YecTBa aBapwii Ha JOpPOrax aBTOMOOWIIbHAs CBSI3b CTAHOBUTCSI IPEIMETOM
BHUMAaHUsI MHOTHX HccienoBareneid. [1oaToMmy aBTOMOOWMIIBbHAS CBSI3b CTAHOBHUTCS aKTUBHOW TeMOU mowucka. B cumy sTux
00CTOSITENLCTB 0E30MMaCHOCTh BOXKICHUS SIBJISICTCSI TJIaBHON 3a00TOM MHOTHMX HCCIIEOBaTEeleH, YTOObI CMSTYUThH MPOOIEMbI
3aTOPOB, OCOOCHHO I10 TOpPOJCKOMY ciieHapuio. B cBsizu ¢ TpeboBanrmem URLLC, B 3TOl cTraThe MBI HCCIEAYEM BaKHOCTh
YMEHBIIICHUSI MOIIHOCTH. (DaKTUYECKH, MHUHUMH3ALHS MOIIHOCTH SIBIIIETCS MHTEPECHOW METPUKOW H3-3a TpeOOBaHUS
BBICOKOH CKOPOCTHU Iepeaadyn JaHHBIX.

Hean uccaenoBanmii. Llenbro qanHO# pabOTHI SBISIETCS UCCICIOBAHUE pacrpeencHus MomHoct B cucteme LTE-V mo
JIELIEHTPAITM30BaHHOMY CIICHAPHIO.

Mertoauka peagm3anuu. Vaess cocTOMT B TOM, YTOOBI PaccCMOTPETh TIPYIIy € HAabOpPOM TPAHCIOPTHBIX CPEICTB,
B3aNMOJICHCTBYIONMIUX APYT C JIPYTrOM JUIsl CETEBBIX pecypcoB 0e3 momomnu ENodeB. Munumuzanmsi 3HEpronotTpeOIeHHs
SIBJSIETCST MHOTOOOCIIAIOIIMM PEIICHUEM Ul YMEHBIICHHs TIOMEX, MOCKOJIbKY TPAHCIIOPTHBIE CPEICTBA B3aUMOACHCTBYIOT
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JICLICHTPAIM30BaHHO. B 3TOM OTHOIICHNHM TEOPETUYECKUIl aHAIN3 OCHOBAH Ha IPMMEHEHUHU UIpoBoOil momutuku Stackelberg
VIS YIIPABICHUS MOIIHOCTBIO TAKMM 00pa3oM, 4TOObl MUHUMHU3UPOBATH TIOMEXH.

PesyabTaThl ucciaenoBanuii. Mrposas monutuka Stackelberg sBiisseTcss MOIIHBIM HHCTPYMEHTOM /ISl YIIPaBJICHUS
nmomMexamMu M SHepromnorpetiieHrneM. KomnbroTepHble pesysbTaTbl noguepkuBaior 3ddexkruBHocTs urpsl SK - mns
pacripeiesieH!ss MOLIHOCTHU B JICLIEHTPAIIN30BaHHOM CLICHAPHU.

BbIBoABI. ABTOHOMHAsE aBTOMOOWIIbHAS CBSI3b NPUBJICKIA BHUMaHHE MHOTHX HCCIICIOBATENCH B CBS3M C yBEIHMUCHHEM
KOJIMYECTBA 3aTOPOB M IPOOJEMAaMU C JOPOKHBIM JIBIDKEHHEM. MeKaBTOMOOMIIbHASL CBSI3b - MHTEPECHas TeMa IOHCKa,
4TOOBI 00ECIICUNTH YIOBJICTBOPUTEIBHYIO 00CTABHOKY Ha joporax. Kpome Toro, rpyria nuMeeT MOTeHIHAI it 00eCIIeYeHuUs
0e30MacHOCTH MPU HHU3KOM DHEPronorpediaeHun, ocoO0eHHO B ropoiackux ycioBusix. Kpome toro, LTE-V mpencrasmiser
c000i1 IBPUCTHYECKOE PEIICHHE [UIT aBTOMOOMJIBHON CBSI3H, IJie MOJKIIIOYEHHE OCYIIECTBISCTCS B JCLEHTPAIN30BAaHHOM
KoHTeKcTe 6e3 TpeboBanust ENodeB.

KuioueBnble ciioBa: urpa Stackelberg; LTE-V; nntepdepenums.





