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Device-To-Device-Enabled Vehicular Networks
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Abstract: The demand for higher data rate services has led to the emergence of 5G wireless networks to offer the limitations of the current cellular communication
technologies. The millimeter-wave (mm-wave) communication technologies have evolved into direct Device-to-Device (D2D) single-hop or multi-hop
communications. Direct D2D communication can easily be integrated into vehicular communication networks such as vehicle-to-everything (V2X) to offer high-speed
data connectivity, very low latency, and reliable services. However, the implementation of D2D enabled vehicular communication networks are characterized by an
architecture that causes misalignment of the mm-wave beams from the vehicles thereby causing mutual interference. The mm-wave communication is also having a
challenge of high propagation losses, sensitivity to blockage, and directivity. In this regard, the coexistence of cellular users, D2D users together with the vehicular
users’ calls for strict QoS requirements since there is the high mobility of the vehicles and the presence of mutual interference. This paper formulates a matching theorybased Hungarian algorithm to perform channel and power allocation that takes into consideration the high rate of channel fluctuations, interference, and latency
constraints in the high mobility environment. The proposed Hungarian algorithm was simulated in MATLAB by applying 3GPP TR 37.885 and 38.901 specifications.
The Hungarian algorithm is compared with the max-min algorithm. The Hungarian algorithm was found to have a 10.8% better performance than the max-min
algorithm when the maximum spectrum efficiency was considered. When the minimum spectrum efficiency was considered the Hungarian algorithm was 17.35% better
than the max-min algorithm.
Index Terms :mm-wave, D2D, vehicle-to-everything, 5G, Vehicle-to-Vehicle
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1.INTRODUCTION
The D2D communication which allows the users to interact directly
without going through the base station has enabled the
implementation of various bandwidth-intensive applications such as
high definition video streaming [1], disaster relief services [2], smart
cities [3] and internet of things [4]. D2D communication can also
enable the implementation of vehicle-to-vehicle (V2V)
communications for high spectral efficiency, fairness, and energy
efficiency [5]. The vehicular communications require a high sum
rate, very low latency, and accurate location determination for the
deployed cases. Therefore, the mm-wave 5G technology which
offers a high broadband bandwidth can support the D2D enabled
vehicular communication. The channel sparsity and high temporal
and angular resolution in the mm-wave band can be utilized for the
accurate localization of the vehicles which is a very important
feature for the provision of vehicular communication services.
However, in the mm-wave band, there is a challenge of high
propagation losses, atmospheric losses, sensitivity to blockage which
requires proper directional transmissions [6]. The schemes used in
D2D communication provide reduced latency and power
consumption which are the key enablers for the delay-tolerant
vehicular communications. Despite the benefits of D2D enabled
vehicular communication, some challenges need to be addressed for
better delay optimization, high reliability, and high system capacity.
This includes the need for accurate sensing of the channel state
information by the base station in a highly dynamic environment. In
this paper, a resource allocation scheme is proposed that takes into
consideration the mutual interference constraint an imperfect CSI
scenario.

2 RELATED WORK
In [7], a power control scheme to maximize sum-rate was studied for





—————————————
Filbert Onkundi Ombongi is currently pursuing PhD studies in
Electrical Engineering (Telecommunication Option) in Pan African
University Institute for Basic Sciences, Technology and Innovation,
Kenya, onkundifilo12@gmail.com
Heywood Ouma Absaloms, Department of Electrical and Information
Engineering, University of Nairobi, Kenya
Philip Langat Kibet Department of Telecommunication and Information
Engineering, Jomo Kenyatta University of Agriculture and Technology,
Kenya

a D2D enabled vehicular network using successive convex
approximation and Bernstein technique to determine its solution. The
study considered the Gauss-Markov process to take care of the effect
of the high mobility nature of the vehicular devices on the channel.
The channel state information (CSI) at the transmitter and receiver
was considered to reduce the delay and communication overhead.
The D2D communication was being done in the reuse mode where
the D2D devices reuse the spectrum allocated to the cellular users.
An uplink resource block allocation scheme based on 3D graph
matching and hyper-graph coloring was developed for cellular and
vehicular users in [8] by considering the differentiated QOS needs
and mobility of users to maximize their capacity. In [9], a power
allocation and spectrum sharing scheme was studied for D2D
vehicular networks to guarantee reliability by considering small
changes of large scale fading to optimize the maximum and
minimum sum capacity. In [10], a heuristic resource block and power
allocation algorithm were developed for vehicle-to-vehicle users by
considering the latency and reliability constraints to maximize the
cellular users' sum rate and fairness. This study was extended in [11]
by proposing a separate resource block and power allocation scheme
that transformed reliability and latency constraints into optimization
variables to maximize the sum rate of cellular users and the power
per vehicular user. In [12], a statistical uplink spectrum sharing
scheme based on massive MIMO was developed for a cellular
network which consists of vehicular users by considering the
networks’ CSI to optimize spectrum efficiency. A resource allocation
scheme was proposed for a V2V communication in [13] to maximize
the sum-rate by considering reliability and delay constraints. The
study in [14] formulated a power allocation algorithm based on the
Stackelberg game for vehicle-to-everything (V2X) users underlaying the cellular users to maximize the packet error probability and
ergodic capacity. It considered the interference between the base
station and the vehicular user to maximize their utilities. In [15], a
combination of successive convex optimization and Bernstein
Approximation were used to solve a power allocation problem in a
D2D enabled vehicular network to maximize sum throughput and
outage probability. The study considered a round selection mode and
the delay channel type for the multiple vehicles and cellular links to
reduce interference between the users. The uplink channel allocated
to the cellular users was reused by multiple V2V users which are
having direct communication. The study was extended in [16] by
applying the dual decomposition method to perform power control
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for sum rate and outage probability maximization in vehicular
network with high mobility. The study considered multi-user
interference and imperfect CSI presence with sub-optimal results
obtained. All the aforementioned works have been implemented in
the microwave band by applying technologies such as IEEE 802.11p
and LTE-V2V which operate at 5.9GHz. However, this spectrum
doesn’t have sufficient radio resources for the evolving vehicular
applications which need higher data rates as shown in [17, 18]. This
implies that the vehicular networks can be implemented in the mmwave band to offload traffic due to its huge bandwidth [19]. Some of
the benefits offered by the mm-wave spectrum include the large
bandwidth per channel [20] and the smaller wavelengths which can
enable the design of highly directional beamforming antennas. With
the high number of directional antennas, massive MIMO can be
implemented so easily to reduce the out of cell interference [21]
which enhances spectral efficiency which in turn attains high
capacity of the network [22]. Some works have implemented
cellular-based V2V and D2D based V2V communication to enhance
performance in terms of capacity, latency, and packet error
probability. This has been studied by applying resource allocation,
power allocation, device association and beam selection, and
interference management for V2V communications. A stable fixture
many-to-many matching game was formulated in [23] for the vehicle
links association to maximize obtained data rates per channel by
considering the movement and position of the vehicle. In [24], a
combination of matching game and particle swarm optimization was
applied to pair the vehicle devices and maximize the communication
beam widths. The study considered the queue state information and
channel state information during the creation of V2V links. In [25],
a V2V model was developed to consider the effect of beam
misalignment and path losses in the mm-wave band for a vehicular
communication network to maximize connectivity of the V2V
devices. In [26], the interference analysis scheme that takes into
consideration the co-channel interference was developed for a V2V
network to optimize the ergodic capacity and packet error
probability. The study also considers the diversity by looking at the
channel non-linearity and the number of multipath clusters to
minimize the packet error probability. In [27], a heuristic-based
algorithm was proposed for a multi-channel diversity mechanism to
improve diversity in vehicular networks. This was done to reduce the
mutual interference resulting from the beam misalignment of the
moving vehicles to maximize the SINR obtained between the
communicating V2V pairs. The current study considers the
Hungarian based algorithm to perform channel assignment and
power allocation in a D2D based vehicular network in the mm-wave
band. In this network scenario, there are three types of users namely,
the cellular users whose uplink spectrum resources are reused by
vehicular devices, the vehicle-to-base station communication users
(V2I users), and the D2D based vehicle-to-vehicle users (V2V). The
mm-wave path loss model used in this study follows the vehicular
path loss modeling presentation in [28] and [29]. The objective of the
study is to maximize the spectrum efficiency of the cellular users
whose spectrum resources are reused by V2V users by considering
reliability, transmit power, and minimum data rate constraints in the
mm-wave band.

3 SYSTEM MODEL
2.1 Network Architecture
Consider a Device-to-Device (D2D) enabled V2V communication at
the mm-wave band in a single cell network of radius, 𝑅. The macro
base station (BS) is situated at the center of the cell and the road used
by the vehicles is within the coverage radius of the BS as shown in
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Figure 1. The network has ℐ vehicle devices which need vehicle-tobase station which can also be referred to as vehicle-to-infrastructure
(V2I). The V2I links denoted as I-UEs with a set ℐ = *1,2 … , 𝐼)
should have a high capacity to enable V2V communications. The
network consists of 𝒟 device pairs that similarly allow local V2V
communications as direct D2D communications. The V2V
communication user devices are denoted as VUEs with a set given
by 𝒦 = *1,2 … , 𝐾). The orthogonal uplink resources allocated by
the BS to the I-UEs are reused by the VUEs for a better spectrum
deployment efficiency.

Figure 1: D2D-enabled vehicular network model
2.2 Problem Formulation
The channel power gain for the V2I links between the i th I-UE and
the base station, 𝑔 , can be given by;
(1)
𝑔 =| |
,

,

,

Where , is the small scale fading and it is required to be
independent and identically distributed and , denotes the large
scale fading which can include mm-wave path loss and shadowing
effects. The communication link between the 𝑘 V2V pair has
channel gain, 𝑔 , the interfering link from the 𝑘 VUE to the base
station has a channel gain, 𝑔
̂ and the interference link between the
IUE device and the 𝑘 VUE can be defined as 𝑔̂ . When the range
between two communicating V2V devices is beyond a safe
communication distance of D2D communication, the V2V user pairs
communicate through the BS as V2I links [30]. The CSI of all the
links established with the base station are known but the vehicular
links’ CSI is sent to the base station with a period, 𝑇. The GaussMarkov process can then be applied to model fast fading over this
period. It can be defined as;
(2)
= ̂
where ̂ and
represent the channel responses in previous and
current times respectively, is the channel error that has a complex
( ,1
) and is independent of ̂ ,
Gaussian distribution
(
1 ) is the channel correlation coefficient between two
consecutive time slots. The parameter, can be determined by Jake’s
model and is expressed as; = (2
𝑇) where the function ( )
⁄ is the
Is the Bessel function with a zero-order and
=
maximum Doppler frequency, c is the velocity of light in a vacuum,
and
is the carrier frequency. Therefore, the channel gain for the
VUE is given as;
295

IJSTR©2020
www.ijstr.org

INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 09, SEPTEMBER 2020

( | ̂|

𝑔 =
The SINR of the 𝑖
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̂
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VUE can be expresses

(4)

and
=

∑

(5)

Where
and
are the transmit powers of the 𝑖 I-UE and the 𝑘
VUE respectively, 𝑔
̂ is the interference to V2I link with channel
gain given by 𝑔
̂ = ̂| ̂ | , 𝑔̂ is the interference to VUE link with
a channel gain given by, 𝑔̂ = , ( , | ̂, |
| , |
is the noise
power spectral density and , is the resource reuse indicator where
VUE reuses the channel allocated to the 𝑖 I-UE
, = 1 if the 𝑘
user and , = 1 otherwise. The objective of this study is to meet
the needs of the various V2V links which is the high capacity for the
V2I users with a guarantee of high reliability of the V2V connecting
links. Therefore, the optimization function involves the sum-rate
maximization for all the I-UEs with minimum reliability of
individual VUE guarantee. The optimization function for this study
can be formulated as;
∑
* , +{
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3.1 Power Allocation for each I-UE and V2V pair
Consider a single I-UE and VUE pair to maximize the I-UEs data
rate. The I-UE data rate is given by;
𝑔,
𝑅, =
(1
)
(9)
∑
𝑔
̂
,

𝑅,

,

s.t

*
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+
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, 𝑘

(6c)

𝒦

* ,1+, 𝑘

𝒦

4 RESOURCE ALLOCATION OPTIMIZATION

(6b)

ℐ

∑

3.2 Non-Line of Sight (NLOS) Path Loss
This occurs when the LOS is blocked by blockages such as trees,
buildings. The NLOS equation for the urban vehicular environment
can be given by;
( )=3
(8)
3
( ) 1
The shadowing loss which is modeled as a log-normal random
variable, in this case, it is 4dB [29].

(6a)

ℐ

* ,1+,

dual-slope piecewise linear model which can better simulate the real
propagation in vehicular networks. The LOS path loss for an urban
scenario can be given as;
( )=3
(7)
1
( ) 1 2
Where is the inter-vehicle Euclidean distance in meters, , is the
carrier frequency in GHz and is the shadowing loss which can be
defined as the signal power variations due to neighboring objects.
The shadowing can be modeled as a log-normal random variable
with a standard deviation in dB takes as 3 [29].

The equation given in (5) must satisfy the constraints and it can be
reformulated as;

(6)

ℐ
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{(

,

)

(

) (1

)

( )

,

Where
is the minimum data rate requirement for the I-UEs,
is the minimum SINR required for a reliable link establishment
for the VUEs, * + determines the outage probability of the input,
is the minimum tolerable outage probability,
is the
maximum transmit power of the I-UEs and
is the maximum
transmit power of the VUEs. The constraint given in (4a) represents
the minimum data rate for individual I-UE, (4b) and (4c) are the
maximum transmit power thresholds for the I-UEs and VUEs
respectively, (4d) and (4e) represent the I-UE resource reuse
indicator with only one VUE allowed to reuse the channel bandwidth
allocated to a single I-UE.

Alternatively, it can be defined as;

3 V2V CHANNEL MODELLING

where

3.1 Line of Sight Path Loss
This is the path that does not have blockage of the signal due to
obstacles such as vehicles, buildings, and trees. This path loss has a

(10c)

Lemma: The equation (11) has a feasible region which can be
defined as;

(6f)

The path loss is modeled according to [28] for V2V communication
networks. The study considers the line of sight (LOS) and non-line
of sight (NLOS) conditions to model the path losses.

(10a)
(10b)

ℐ
𝒦

1

(11)

,
,

{(

,

) (1

}

)

(

)

1⁄

,

,

(12)

,
( | ̂| ,

=
,

|̂ , | ,

=

,

(1

=
,

}
(1

),

=

)

Theorem: The optimal power allocation for the optimization function
given in (10) can be determined for the VUE and I-UE users as
follows;

296
IJSTR©2020
www.ijstr.org

INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 09, SEPTEMBER 2020

{
={

*

}

,

𝑖
(13)

+𝑖

,

𝑖

,

{
={

*

}

,

(14)

+𝑖

,

𝑖

,

The values of

and

can be given by;
, (1
, )(1
(1
)

=

=

1
1

,

(

𝑖

1

1)

,

|̂ |

)
(15)

,

,

|̂ , |

(16)

3.2 Channel Allocation and Hungarian Algorithm
The resource allocation formulated in this study comprises of power
allocation and channel assignment problem. The channel assignment
problem is an optimization function used to determine the optimal
assignment of resources to a given set of wireless users. The
assignment problem is aimed at optimizing the sum utility such as
maximize the channel sum rate. Assuming there are 𝐼 I-UEs denoted
by ℐ = *1,2 … , 𝐼) and
Resource Blocks (RBs) which is
represented by
= *1, 2, … , + in a D2D vehicular network. Let
𝐼 × matrix 𝑊 be an assignment matrix where the element , = 1
shows that a RB
has been assigned to I-UE, 𝑖 and , = ,
otherwise.
A matrix Ψ can be defined as the utility matrix with the elements,
Ψ , showing the data rate of I-UE, 𝑖 at the RB, . The RB
assignment can then be formulated as;
(17)
=
∑∑ , Ψ,
s.t ∑

1 𝑖

,

*1,2, … , 𝐼+

(18)
(19)

∑

,

1
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each column or row having one zero, this is chosen as the
optimal assignment, otherwise go to step 5
 The smallest element in the matrix that was not covered in
step 3 is determined. This value is subtracted from each of
the uncovered rows and added to each of the covered
columns. Steps (3) and (4) are then repeated.
The combined power allocation and the Hungarian based channel
allocation algorithm is given in Algorithm 1.
Algorithm 1: Hungarian based Power and Channel Allocation
Algorithm
1. for 𝑖 = 1 𝐼, 𝑜
2. for 𝑘 = 1 𝐾
3.
determine optimal power allocation values ( ,
) using
(13) and (14) for each I-UE and VUE pair
4.
Using (10) and values of ( ,
), determine data rate, 𝑅 ,
5.
If 𝑅 ,
, then set 𝑅 , = ∞
6.
end if
7. end for
8. end for
9. Using the Hungarian Algorithm, determine optimal channel reuse
pattern , based on 𝑅 ,
10. return values of , and ( ,
)

4 RESULTS AND DISCUSSION
This section presents the simulation results for the developed D2Denabled vehicular network model in the mm-wave band and
validates the algorithm proposed in this study. The I-UEs and VUEs
are randomly selected among the generated vehicles where the VUE
pairs are established form the proximity vehicles and the I-UEs have
equal shares of the system bandwidth. The study follows the urban
grid simulation set up
a scenario in 3GPP TR 37.885 [28].
Figure 2 shows the cumulative density function for different values
of V2I users (I-UEs) and V2V users (VUEs) by considering the
SINR of the received signal in a mm-wave path loss model and
Rayleigh fading. The study considered a minimum SINR level of
5dB for every VUE. The latency constraint in the form of the outage
probability for the VUEs SINR was taken as
=1
. This
shows that by increasing the number of VUEs, the outage probability
improves. This shows that reliability can be improved by the
densification of the users as this offers more user alternatives which
can share spectrum with the VUEs.

*1,2, … , +

The optimal assignment for this function can be found by the
Hungarian Algorithm [31]. Assuming the same number of I-UEs and
RBs i.e. 𝐼 = = 𝑚 for the formulated channels assignment problem
and given Ψ as the utility matrix. The Hungarian algorithm can be
applied in the following steps to determine an optimal assignment
solution.
 The row minimum is identified in each row and subtracted
from each element in a row.
 The column minimum is identified for each column and
subtracted from each element in a column.
 All the zeros are covered with a minimal number of
horizontal and vertical lines.
 The number of vertical and horizontal lines is then checked.
If the number of lines is found to be greater or equal to the
number of columns or rows, then the algorithm terminates.
The output of a set of zeros is displayed as the output with

Figure 2: CDF for a varying number of users
TABLE 1: SIMULATION PARAMETERS
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Parameter
Cell radius, 𝑅
Carrier frequency,
Bandwidth, 𝑊
Number of VUEs, 𝐾
Number of I-UEs, 𝐼
Maximum VUE transmit power,
Maximum I-UE transmit power,
Macro BS antenna height
Macro BS antenna gain
Micro BS receiver noise figure
Distance between BS and highway
Vehicle antenna height
Vehicle antenna gain
Vehicle receiver noise figure
Average vehicle speed,
Number of lanes
Lane width
Noise power,
Minimum data rate of I-UE,
Minimum SINR threshold,
Bisection search accuracy, 𝜀
Reliability of VUE

Value
500m
30GHz
200MHz
{10,20,30}
(10,20,30}
23dBm
23dBm
25m
8dBi
7dB
25m
1.6m
5dBi
13dB
100km/h
2x2
3.5m
-174dBm
0.5bps/Hz
5dB
1
1
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Figure 4: Spectrum efficiency versus vehicle velocity

The shadowing standard deviation for V2V and V2I links is given as
3dB and 4dB respectively. The V2I path loss parameters are derived
from 3GPP TR 38.901 ( [32].

Figure 4 shows the maximum spectrum efficiency for all I-UEs was
considered for varying velocity of the VUEs along the road. The
performance of the proposed matching theory-based Hungarian
algorithm and the max-min algorithm were compared. It was found
that the proposed Hungarian algorithm has a 10.8% better
performance than the max-min algorithm when the maximum sum
rate was considered. The spectrum efficiency was found to decrease
when the vehicle velocity was increased. This is due to the rise in the
distance between the vehicles which introduced sparse traffic. This
led to lower reliability of the V2V links due to the reduced received
signal power.

Figure 3: Spectrum Efficiency versus feedback period, T(ms)
Figure 3 shows a plot of maximum spectrum efficiency obtained
versus the feedback period of the channel state information. The
feedback period is used to show the latency constraint considered in
this study. The spectrum efficiency decreases as the period, 𝑇
increases. The increase of the period leads to some uncertainty in the
V2V links at the BS. This prompts the BS to start managing the
transmit power of the I-UEs so that the reliability of the V2V links
affected by the I-UEs interference can be guaranteed. The reduction
of the I-UE interference due to the satisfaction of the maximum
transmit power constraints of the VUES, there will be low power
allocation to the I-UEs which results in lower spectrum efficiency of
the I-UEs. The I-UEs have less interference and due to the maximum
power constraint of the VUEs, less power is allocated to the CUEs
which reduces both the maximum and minimum spectrum efficiency
obtained.

Figure 5: Spectrum efficiency for varying vehicle velocity
Figure 5 shows the minimum spectrum efficiency obtained by
varying the vehicle velocity. The proposed Hungarian algorithm was
again found to have a 17.35% better performance compared to the
max-min algorithm.

5 CONCLUSION
In this paper, the channel and power allocation problem were
formulated for a mm-wave D2D-enabled vehicular network
undelaying cellular network to optimize the outage probability and
spectrum efficiency. The cumulative density function of I-UEs by
considering the SINR of the VUE received signal showed that
increasing the number of I-UEs and VUEs improved the outage
probability. This implies that the densification of users can enhance
the reliability of a vehicular network. Besides, the Hungarian
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algorithm was proposed to solve the formulated resource allocation
problem. It was shown that when the maximum spectrum efficiency
was considered, the Hungarian algorithm had a 10.8% better
performance than the max-min algorithm. When the minimum
spectrum efficiency obtained for the I-UEs was considered, the
Hungarian algorithm showed a 17.35% better performance than the
max-min algorithm.

[14]
[15]

ACKNOWLEDGMENT
The authors wish to thank the Pan African University Institute for
Basic Sciences, Technology, and Innovation for funding of this
research.

REFERENCES
[1] N. S. Vo, T. Q. Duong, H. D. Tuan and A. Kortun, “Optimal
Video Streaming in Dense 5G Networks with D2D
Communications,” IEEE Access, vol. 6, pp. 209-223, 2017.
[2] A. Masaracchia, L. D. Nguyen, T. Q. Duong and M. N. Nguyen,
“An Energy-Efficient Clustering and Routing Framework for
Disaster Relief Network,” IEEE Access, vol. 7, pp. 5652056532, 2019.
[3] C. Kai, H. Li, L. Xu, Y. Li and T. Jiang, “Energy-Efficient
Device-to-Device Communications for Green Smart Cities,”
IEEE Transactions on Industrial Informatics, vol. 14, no. 4, pp.
1542-1551, 2018.
[4] P. Pawar and A. Trivedi, “Device-to-Device Communication
based IoT System: Benefits and Challenges,” IETE Technical
Review, vol. 36, no. 4, pp. 362-374, 2019.
[5] A. Masmoudi, K. Mnif and F. Zarai, “A Survey on Radio
Resource Allocation for V2X Communication,” Wireless
Communications and Mobile Computing, vol. 2019, 2019.
[6] M. Giordani, A. Zanella and M. Zorzi, “Millimeter Wave
Communication in Vehicular Networks: Challenges and
Opportunities,” in 6th International Conference on Modern
Circuits and Systems Technologies, Thesaloniki, Greece, 2017.
[7] Z. Liu, K. Ma and Y. Yuan, “Robust Power Control in D2DEnabled Vehicular Communication Network,” in IEEE 3rd
International Symposium on Autonomous Systems, Shanghai,
2019.
[8] U. A. Khan and S. S. Lee, “Three-Dimensional Resource
Allocation in D2D-based V2V Communication,” Electronics,
vol. 8, no. 9, p. 962, 2019.
[9] L. Liang, G. Y. Li and W. Xu, “Resource Allocation for D2DEnabled Vehicular Communications,” IEEE Transactions on
Communications, vol. 65, no. 7, pp. 3186-3197, 2017.
[10] W. Sun, E. G. Strom, F. Brannstrom, Y. Sui and K. C. Sou,
“D2D-based V2V Communications with Latency and
Reliability Constraints,” in IEEE Globecom Workshops, Austin,
2014.
[11] S. W., E. G. Strom, F. Brannstrom and K. C. Sou, “Radio
Resource Management for D2D-based V2V Communication,”
IEEE Transactions on Vehicular Technology, vol. 65, no. 8, pp.
6636-6650, 2015.
[12] S. L. Mankge and F. Ghayoor, “Power Allocation for D2DEnabled Vehicular Communications to Support Driver
Assistance Systems,” in IEEE Africon, Accra, 2019.
[13] A. Masmoudi, S. Feki, K. Mnif and F. Zarai, “Efficient Radio
Resource
Management
for
D2D-based
LTE-V2X
Communications,” in 15th IEEE/ACS International Conference

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

ISSN 2277-8616

on Computer Systems and Applications, Aqaba, 2018.
E. Zhang, S. Yin and H. Ma, “Stackelberg Game-Based Power
Allocation,” sensors, vol. 20, no. 1, p. 58, 2020.
X. Han, Y. Liu, Z. Liu, Y. Xie and T. Wang, “Power Control in
D2D-based Vehicle Communication with Delayed CSI
Feedback,” in IEEE Smartworld Ubiquitous Intelligence &
Computing, Advanced & Trusted Computing, Scalable
Computing, Internet of People and Smart City Innovation,
Guangdong, China, 2018.
Z. Liu, K. Y. Chan, M. K. and X. Guan, “Chance-Constrained
Optimization in D2D-based Vehicular Communication
Network,” IEEE Transactions on Vehicular Network
Technology, vol. 68, no. 5, pp. 5045-5058, 2019.
F. Jameel, S. Wyne, S. J. Nawaz and Z. Chang, “Propagation
Channels for mmwave Vehicular Communications: State-of-theart and Future Research Directions,” IEEE Wireless
Communications, vol. 26, pp. 144-150, 2018.
T. Shimizu, V. Va, G. Bansal and R. W. Heath, “Millimeter
Wave V2X Communications: Use Cases and Design
Considerations of Beam Management,” in Asia-Pacific
Microwave Conference , Kyoto, Japan, 2018.
J. Choi, V. Va, N. Gonzalez-Prelcic, R. Daniels, C. R. Bhat and
R. W. Heath, “Millimeter-wave Vehicular Communication to
Support Massive Automotive Sensing,” IEEE Communications
Magazine, vol. 54, no. 12, pp. 160-167, 2016.
W. Anwar, N. Franchi and G. Fettweis, “Performance
Evaluation of Next Generation V2V Communication
Technologies: 5g NR-V2V vs IEEE 802.11bd,” in IEEE 90th
Vehicular Technology Conference, Honolulu, USA, 2019.
R. Magueta, D. Castanheria, A. Silva, R. Dinis and A. Gameiro,
“Hybrid Multi-user Equalizer for Massive MIMO Millimeterwave Dynamic Subconnected Architecture,” IEEE Access, vol.
7, pp. 79017-79029, 2019.
D. Castanheira, P. Lopes, A. Silva and A. Gameiro, “Hybrid
Beamforming Designs for Massive MIMO Millimeter-wave
Heterogeneous Systems,” IEEE Access, vol. 5, pp. 2180621817, 2017.
I. Mavromatis, A. Tassi, R. J. Piechocki and A. Nix, “Efficient
V2V Communications Scheme for 5G mmwave HyperConnected CAVs,” in International Conference on
Communications, Kansas City, 2018.
C. Perfecto, J. Del Ser and M. Bennis, “Millimeter-Wave D2D
Communications: Distributed Association and Beam
Alignment,” IEEE Journal on Selected Areas in
Communications, vol. 35, no. 9, pp. 2148-2162, 2017.
M. Ozpolat, O. Alluhaibi, E. Kampert and M. D. Higgins,
“Connectivity Analysis for mmwave V2V Networks: Exploring
Critical Distance and Beam Misalignment,” in IEEE Global
Communications Conference, Waikoloa, 2019.
O. A. Saereh, A. I. Ali and K. Rabie, “Interference Analysis for
Vehicle-to-Vehicle Communications at 28GHz,” Electronics,
vol. 9, no. 2, p. 262, 2020.
W. Kim, “MC-GiV2V: Multichannel Allocation in mmwavebased Vehicular Ad Hoc Networks,” Wireless Communication
and Mobile Computing, vol. 2018, 2018.
3GPP, “Study on Evaluation Methodology of New Vehicle-toEverything V2X Use Cases for LTE and New Radio (Release
15),” 3GPP, 2019.
3GPP, “Study on LTE based V2X Services (Release 14),” 2016.
299

IJSTR©2020
www.ijstr.org

INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 09, SEPTEMBER 2020

ISSN 2277-8616

[30] X. Cheng, L. Yang and X. Shen, “D2D for Transportation
Systems: A Feasibility Study,” IEEE Transactions on Intelligent
Transport Systems, vol. 16, no. 4, pp. 1784-1793, 2015.
[31] S. Mallick, R. Devarajan, R. A. Loodaricheh and V. K.
Bhargava, “Robust Resource Optimization for Cooperative
Cognitive Radio Networks with Imperfect CSI,” IEEE
Transactions on Wireless Communications, vol. 14, pp. 907920, 2015.
[32] 3GPP, “Study on Channel Model for Frequencies from 0.5 to
100GHz (Release 16),” Valbonne, France, 2020.

300
IJSTR©2020
www.ijstr.org

