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Intelligent Transportation System Performance Analysis of Indoor and

Outdoor Internet of Vehicle (IoV) Applications towards 5G

Preeti Rani and Rohit Sharma*

Abstract: The Internet of Vehicles (loVs) has seen rapid development due to advances in advanced
communication technologies. The 5-th Generation (5G) systems will be integrated into next-generation
vehicles, enabling them to operate more efficiently by cooperating with the environment. The millimeter Wave
(mmWave) technology is projected to provide a large bandwidth to meet future needs for more effective data
rate communications. A viable approach for transferring raw sensor data among autonomous vehicles would be
to use mmWave communication. This paper attracts various research interests in academic, indoor, and
outdoor mmWave operations. This paper presents mmWave propagation measurements for indoor and outdoor
at 66 GHz frequency for loVs scenarios. The proposed model examines the equivalent path loss using Free-
Space Path Loss (FSPL) based on the transmitter and receiver distances for indoor and outdoor
communications of the vehicles. In the indoor scenario, path loss propagation has the lowest penetration loss,
but it is ineffective in the outdoor scenario because distance increases as free space path loss increases. The
probability of error is increased, concerning the transmitter and receiver distances due to propagation effect,
packet collisions, busy receiver, and sensing threshold. The proposed methodology shows a higher packet

delivery ratio and average throughput with less delay in the connection during transmission.

Key words: Free-Space Path Loss (FSPL); Internet of Vehicles (loVs); milimeter Wave (mmWave); the 5-th

Generation (5G); indoor communication; outdoor communication

1 Introduction

According to the extensive spectrum bandwidth
accessible for wireless communications, the millimeter
Wave (mmWave) frequency bands have recently
attracted much attention. The spectrum bandwidth
should support significant capacity growth in the next
generation (the 5-th Generation (5G)) cellular system.

A successful method of combating high-frequency
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propagation loss is essential to the practicality of
mmWave mobile communications!].

Due to their low-latency requirements and wideband
capability, Vehicle-to-Vehicle (V2V) communication
will largely depend on mmWave networks in the
coming years. The V2V channel-sounding campaigns
were mostly restricted to frequencies below 6 GHz in
various scenarios (parking garage, urban, highway,
suburban, and intersections). Compared to inter-vehicle
communication standards based on IEEE 802.11p, 5G
technologies offer a new paradigm for connecting
vehicles with high-speed data. 5G communication
features are highly conducive to vehicle positioning
due to their particular signal characteristics. The
mmWave refers to electromagnetic (radio) waves with
a 30-300 GHz frequency range. The formula A=c/f
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can be wused to compute the wavelength of
electromagnetic radiation, with speed of light
c¢=3%x10% m/s, and frequency f. The wavelength
range of the mmWave band is 10 mm at 30 GHz and
1 mm at 300 GHz[2!.

Recently, developments in the Internet of Things
(IoT) domain impacted Vehicle Ad-hoc Networks
(VANETS), now called the Internet of Vehicle (IoV).
Intelligent Transportation Systems (ITS) applications
require very low latency, significantly lower than
existing communication networks. The V2V and
Vehicle-to-Infrastructure (V2I) communication for
connected vehicles is expected to be an extremely large
data transmission. As a result, the most pressing issue
for current wireless networks is that they require
significantly more data than in the past, causing the
radio-frequency spectrum below 6 GHz to become
overloaded. The service is and more
connections are dropped due to the limited bandwidth.
As a result, the mmWave spectrum is being examined
for next-generation wireless networks, or 5G, which
might offer 10 times the bandwidth and capacity of
cellular networks!3.

Furthermore, academic and commercial research(# 3]
has reported the possibility of mobile broadband
networks operating at frequencies higher than 6 GHz. It
is worth mentioning that the allowed spectrum of
3.5 GHz could be assigned for 5G applications in

slower,

frequency bands lower than 6 GHzl%l. According to
much research, the 3.5 GHz frequency band is the
direct access connection for indoor communication, but
the 28 GHz frequency band can be utilized as a
backhaul connection.

Other studies investigate the outdoor to indoor
propagation channel at various mmWave frequencies.
Table 1 compares indoor and outdoor frequency,
bandwidth, distance, and propagation models. As
vehicular communication is application-oriented, the
authors proposed a strategy that lets
distinguish ~ selfishness through the value-based
assessment of messages!(!?l. IoVs are a modern form of
IoT, allowing vehicles to communicate and provide
different mobile applications, allowing vehicles to be
intelligent. Benalia et al.?0) examined IoV data
dissemination based on 5G
technologies, architecture, services, and challenges. In
outdoor scenarios, Multiple Input Multiple Output
(MIMO) and Distributed Antenna System (DAS)
technologies are used for long-distance
communications at sub-6 GHz frequency bands. At
wireless Indoor Access Points (IAPs), mmWave and
beamforming communication technologies provide
high-speed services within short distances for indoor
userst21], The various existing research based on indoor
and outdoor communication is presented in Table 2.

A smart automobile makes that time safer, more

vehicles

communication

Table1 Comparative study for indoor and outdoor environment.

Reference Environment Fr(egl;lezn)cy Bandwidth Distance Performance study
7] Indoor 38-65 1000 MHz 140 Root-Mean-Square (RMS? delay spread, path loss versus
distance
[8] Outdoor 28 and 38 400 MHz 50-200 Path loss, Close-In-Frequency (CIF)
[9] Outdoor 32 1 GHz 1-141 Path loss and efficiency
[10] Outdoor 15 and 28 200 MHz 20-190 Signal strength (dBm), efficiency
[11] Indoor 38 and 42 500 MHz 1-50 Delay sequence, path loss, and received power
[12] Indoor 28, 38, 60, 40 MHz 267 Average user throughput, §pectral efficiency, and fairness
and 73 index

[13] OL.ltdoor to 35,49, 100 MHz 1220 Path loss versus Transmitter-Transmitter (Tx-Tx) separation,

indoor and 28 antenna performance
(147  [Indoorto 30-300 5.9 GHz 1-40 Path loss, Spectral Efficiency (SE)

outdoor
[15] Outdoor 28 and 73 | GHz 50-500 Delay, transmission power, Road Side Unit (RSU), and

vehicle performance
I

[1g) ~ [ndoorand g 473 5.9 GHz 1-500 Throughput, delay, and packet loss

outdoor

Indoor and Narrowing bandwidth . .

[17] outdoor 60 from 90" to 45° 100-500 Packet Delivery Ratio (PDR), latency, and throughput
[18] Indoor and 66 5.9 GHz 100-400 Latency and throughput

outdoor




Preeti Rani et al.: Intelligent Transportation System Performance Analysis of Indoor and Qutdoor Internet... 1787
Table 2 Survey on mmWave technique.
Application
area, Frequency
Phase Shifters (PS) Division
Reference h:;gAI?FSz;z;n Methodology and Radio Frequency Duplex Channel type or folrarflf:r(l::::rr;etric
(RF) chains (FDD)/Time P
Division
Duplex (TDD)
Multi-User Multiple mmWave RF hardware with low
Input Multiple Output . MmWave channels with complexity, SE of 1 dB
[22] %X = i%\?’ —4 (MU-MIMO) system %F clla}{;s, L. massive MIMO Rayleigh fadingless than zero-forcing
RE user with phased zero RF user TDD and sparse precoding with full
forcing. scatter complexity.
A | method i Convenient for practical
novel method is L
application &
proposed to reduce the RF Microwave as Frequency Efformance better
N; = 64, NRF and PS. A N;™ = Rank of selective & p .
(23] Nuser = 16, t ) - digital precoder well as Ravleich fadin than existing in both
sinele antenna user IS)(;:::rllltl;ggfsrr (;\?gguie ° p=20-40 ’ mmWave chznne% modelgfrequency selective as
t ell as flat fadin
Rank of digital precoder v ne
channel.
An optimization Performance is close to
Tx = 32.64 problem is resolved NRF = constant for Massive full digital beamformer
Nuser = 12, . . . N =1.2.4.8 16. MIMO, as well Gaussian with less number of RF
[24] Nre = 1,2,4,8 iteratively instead of C . 7777 asmmWave channel model chains. As NRF
16.32 621- T Semi Definite 32, 64, . U .
,32, Relaxation (SDR). PS=2 bits resolution SYStems increases, transmitted
power decreases.
Three algorithms for
Point to Point (P2P) -
and MU-MISO. For ;}iﬁ‘fﬁi‘;ﬁ p2p A fully Digital
P2P NRF > 2N If th Beamforming (DB
6416 _ >N e e ite/finite PS is Multi Tnput . eamforming (DB)
first condition is not . . Geometric system would
[25]  MIMO system, e RF utilized. Single Output .
satisfied, then, N™" = RF channel approximate coverage
Nrp =6 e e N®F =2N; (MU-MISO) & .
N;. Within finite MIMO. TDD is capacity and spectral
resolution PS and used ’ efficiency.
Ny < NRF < 2N with ’
finite resolution PS.
16 x 16 Uniform A novel Spatial C g Multiple user groups
Planar Array (UPA), Channel (SC) and Reduced PS i/}%n llf/ﬁglg ZZP 3eDometricall can be served,
[26] 256 x 1 Uniform Hybrid Beamforming NRF — 64 MH\;I 0.TDD i ftatistical y beamforming is highly
Linear Array (ULA), (HB) technique is r ’ s directive, and power
used channel model .
NRF = 64 proposed. consumption is low.
64 %8 The RF-extended HB . . Directional .
. . Two P le M E 1
[27]  MIMO system, architecture can realise R‘IZO S ona single M?li/il(;eTDD Vector (DV) :rsfl(l,rjn(;it;?a
Nrp =1 any Full Duplex (FD). ’ channel model P ’
A low-resolution PS
64 % 64 HB optimization for ?gFPEIEVMIfM?V’[U P2P mmWave Geometric will reduce power
[28]  MIMO system low-resolution PS based N ’RFO r " MIMO system, consumption, and a
’ MIMO, N®'= channel model . .
Nrr=1 on codebooks. TDD polynomial complexity
number of users [
will increase SE.
RF _
QR decompositionis Vi = %’ the sum of Practical & The performance is
[29] %X = 1_2§ used to partition a fully tWo PSisusedto  TDD, massive Ravleiah fading SOmparable to full
N;S]fr:_4 ’ digital presidency into define every entry of MIMO C;;,nig mz dg]lg digital with less RF
two matrices. Analog chain
Beamforming (AB)
To maximize capacity Rician, ;relzieucfz{ei Cz}llr?(lint:e
Tx =16,32,64,128, ;i ; . ,
[30]  Nyser =4,8,16,32, with low complexity, NZRF =N, 5G frequency Rayleigh, performance is

Nrr =4,8,16,32

MU-MIMO uses
phased zero-forcing.

band with TDD Nakagami-m
channel model

comparable to a full
digital.

(to be continued)
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Table 2 Survey on mmWave technique. (continued)
Application
area, Frequency
MIMO system Phase Shlfters (PS) Division Effect on
Reference and RE chain Methodology and Radio Frequency Duplex Channel type erformance metric
(RF) chains (FDD)/Time P
Division
Duplex (TDD)
RE chain and PS are . The HB design scheme
HB design for mulit-  both on the Massive MIMOp 1cioh fading QU tPerforms Base
31] Tx =128 Nyger =8, £ : TDD, MU- yiel1g £ Station (BS) equipped
Ngrg =16 user MIMO. transmitter and channel model .
MIMO with large or small

receiver side.

antenna arrays.

efficient, more fun, pollution-free, and affordable.
Maintaining the optimum use of resources and
addressing rising needs is challenging due to the
increasing popularity of vehicle users and the diversity
of service requests. Therefore, VANET will require
modernized working practices in the future. Innovative
communication technologies
intelligent transportation management systems and
driver assistance systems. Automobiles and road
infrastructure can communicate entertainment and
traffic information over vehicular ad-hoc networks to
improve  transportation  effectiveness, accident
prevention, and pedestrian comfortB2l, For V2I
communication systems characterized by the high
mobility of mobile users, we propose a data-aided
channel tracking scheme using lens antenna arrays and
millimeter wave channels with spatial sparsity(33],
Sejan and Chung!3*! developed an MIMO VLC system
capable of connecting IoT devices to achieve long-
range indoor communication. This study proposes an
MIMO VLC monitoring system to monitor particulate
matter, temperature, and  humidity  indoors.
Experimental trials analyze the error performance of
four different single-carrier techniques. The maximum
communication range is then evaluated in order to
ensure efficient network planning and uninterrupted
connectivity!3. Communication issues related to V2I
applications can be solved using the 5G mmWave.
Nevertheless, 5G mmWave still needs to be
evaluated for vehicular communication in urban and
indoor-outdoor scenarios. An assessment of the
performance of 5G mmWave based vehicular
communications in such traffic scenarios is presented
in this study. This paper focuses on the indoor and
outdoor performance analysis for IoV applications
towards 5G. This architecture will improve data
broadcasting  using promising and effective

are used to create

transmission technologies such as Software-Defined
Network (SDN) functionality, 5G network properties,
and cloud-based computing. We develop a generic 5G-
based IoV architecture called IoVs based on 5th-
generation communication.

(1) The paper observes the real-world performance of
the IoVs with the mmWave transmitter and receiver for
indoor and outdoor communication.

(2) The mmWave transmitter and receiver model
using IEEE 802.11p V2V and V2I communications is
used to assure optimal real-time performance of
communication signal strength, packet delivery, and
loss ratio.

(3) The performance of mmWave transmitters and
receivers at 66 GHz carrier frequency with different
path losses according to
communication is investigated in this work.

(4) With mmWave technologies, RF communication
has been considered to facilitate vehicle applications in
the ToVs.

The paper is organized as follows. Introduction and
related work are explained in Section 1. The proposed
methodology and simulation design are presented in
Section 2. The numerical simulation and result
investigation are presented in Section 3 with the
proposed, designed model and graphical representation
of the performance of the IoVs system. Section 4
describes the conclusion.

2 Methodology

indoor and outdoor

2.1 System model

This paper demonstrates the proposed methodology for
modelling and simulating a 66 GHz Quadrature Phase
Shift Keying (QPSK) RF transmits and receives system
for the IoVs, as mentioned in Fig. 1. The system has
RF imperfections, transmit array radiation effects, a
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Fig.1 System model of the proposed work.

narrowband receive array, and a baseband receiver with
system impairment modifications and message
decoding. The antenna beamforming direction is well-
defined using azimuth and elevation angles, and it is
computed in the RF receive antenna using a root
MUSIC Direction of Arrival (DoA) algorithm.

The RF transmitter array configuration is divided
into three parts due to the system’s versatility and the
separation of signals across different frequency bands:
RF transmitter cell, Intermediate Frequency (IF)/Local
Oscillator (LO), and power supply. The RF transmitter
setup is depicted in Fig. 2. First, the IF chain signal is
amplified. RF signals are created by mixing the IF
signal with the LO signal. Long-distance transmission
requires amplification of the RF signal by a power
amplifier. Each RF receiver channel uses a
superheterodyne technique. Front-end components
include a Power Amplifier (PA), antenna array, LO
power amplifier, upconverter, IF signal amplifier, and
LO powder divider.

The receiver system comprises RF receiver cell
modules, IF/LO modules, and a power supply module.
The RF receiver arrays have a similar procedure as the
transmitter array. As shown in Fig. 3, each RF receiver

IF chain with o ®F
DAC PA
AMP
IF chain with * RF
DAC o
AMP

IF chain with
DAC

IF chain with
DAC

Fig. 3 RF mmWave receiver model.

channel used a superheterodyne method. The front end
of the receiver model contains the Low-Noise
Amplifier (LNA), patch antenna array, down converter,
LO power amplifier, LO powder divider, and IF signal
amplifier.

We first consider a P2P large-scale MIMO system in
which a BS with N antennas transmit N, data symbols
to an IoV with M antennas where min(n,m)” Ny. The
number of RF chains transmitting and receiving, i.e.,
NRE = NRE = NRF i5 assumed to be the same without
loss of generality. The simplified equation of the
spectral efficiency rate R is mentioned in Eq. (1).

1 -1
R =1log, |y + — Wi(W/'W,) WHV,VIEY (1)
g

where V; = VrReVp and W, = WrgWp. H is the matrix of
complex channel gains from the transmit antennas of
the BS to the IoV. V, is the total precoder. W, is the
total combiner. The identity matrix with M dimensions
is denoted by I,,. o is additive white Gaussian noise.
Vip is the RF precoder. V, is the digital precoder. Wy
is the RF combiner. W, is the digital combiner. In this
section, we design the HB with RF chains and data
streams, i.e., NRF=N;. The hybrid configuration
entails at least Ny RF chains to implement the complete
DB. The HB approach is designed for N®F = Ny, may
also be utilized for Ny < NRF <2N;. Hybrid precoding
can be divided into two phases. This problem can be
written in terms of Formulas (2)—(4) for transmitters
and receivers.

1
log, Iy + — HVgpVpVEVEL g 2
jmax 10gy |y + —5 HVReVD V) Vi (2)
such that
Tr(VeeVpVp VER) < P ?3)
\VRe(i, j)I* = 1,Vi, j (4)

In the case of RF precoders, the closed-form solution
can be found in Eq. (6). The digital precoder is
demonstrated  to  satisfy  generally  VpVH el
independent of the value of Vgg.

2.2 Path loss model

This section’s large-scale path loss system is explored
and contrasted wusing outdoor and indoor data
transmission(35:30],  The single-frequency Floating-
Intercept (FI) model is mentioned in Formula (5):

PL™(d) = 10 < log,o (d) + B+, d > 1 5)

where PLF!(d) denotes the path loss in dB concerning
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the 3D distance (d), between the Transmitter and
Receiver (Tx-Rx), o« indicates the line slope, S
represents the floating intercept in dB, and x! indicates
the Shadow Factor (SF) with Standard Deviation (SD)
of the large-scale signal variability received against the
direct path distance. The 3rd Generation Partnership
Project (3GPP) and WINNER 1I channel models use
the FI model®’l. A physical broadcaster to the
transmitted power is not considered as the model has
only two parameters (cc and £3).

The single-frequency Close-In (CI) model is given
by Eq. (6):

PLM (f,d)(d) = FSPL(f, 1)+
10nlog, o (d) +x,d > 1 (6)

where n represents the single model parameter, the
Path Loss Exponent (PLE) with 10z indicates the path
loss in dB in terms of distances, d represents the
distance  between  Tx-Rx, and FSPL(f,d)=
20log;,(4ndf/c), is path loss in dB at a Tx-Rx
separation distance at the carrier frequency f, where ¢
is the speed of light. Free space path loss is computed
at a distance of 1-200 m (indoor (20 m, 40 m) and
outdoor (140 m, 200 m)) communication for 66 GHz
frequency, where a significant amount of path loss
occurs in a realistic mmWave scenario for the
vehicular system. An FSPL model estimates loss for
the first meter, while a PLE model estimates loss over a
greater distance.

3 Result Analysis and Discussion

A 66 GHz carrier frequency is used to simulate the
performance of the proposed mmWave transmitter and
receiver for IoVs indoor and outdoor communication.
All simulation visualization is obtained with 7.68 x 10°
bit rate, the sample time is equal to the 1/bit rate. The
number of message bits is 105 based on the MATLAB

Relative angle
Tx-Rx
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simulator. The proposed modelling is executed on
MATLAB R2020a with Simulink 10.4 v on Windows
Operating System (OS) with 8 GB RAM Core i7 CPU.
The mmWave transmitter and receiver simulation
model are designed on the Simulink 10.4 v and
graphical representation by MATLAB coding.

This schematic proposed model of the mmWave
transmitter and receiver for the IoVs uses a QPSK
transmitter, transmit array, channel, receiver array,
QPSK receiver, and message display, as presented in
Fig. 4. A QPSK baseband transmitter encodes the
message “Hello World ###°. An RF transmitter
features “In-phase” and “Quadrature” (IQ) modulation,
mixing, amplification, and beamforming control
circuits. The RF transmitter model includes noise, non-
linear effects, and antenna element coupling. An ideal
channel attenuates the transmitted signal using a path
loss channel model based on indoor and outdoor
communication distance.

An RF receiver have two narrowband receive array
antennas, Signal Noise Ratio (SNR) and receiver gain,
12-bit Analog to Digital Convertor (ADC), limited
dynamic range, and two root MUSIC approach for the
Angle of Arrival (AoA) determination along azimuth
and elevation. The carrier and frame synchronization,
demodulation, and data decoding are all included in a
QPSK receiver. The user can adjust the relative angle
between the transmitter and receiver vehicles. A
spectrum analyzer compares normalized transmitted
and received signals and displays the received
message. Communication systems using lower carrier
frequencies suffer less propagation loss than those
using mmWave.

In the present scenario, consider the indoor (20 m,
40 m) and outdoor (140 m, 200 m) communication and
path loss value depending on the distance. Figure 5
shows the path loss values for a 1-200 m distance in a

L Angle Out

1 |y
L

_ QPsSK
Angle Free space o receiver
QPSK P In RF > path loss »| RF AoA
transmitter .
Beamforming 89 dB Recol
Transmit array Channel ecelve array “Hello world 007"
[ 19.99 Received message
I+

Estimated
angle of arrival

-Tx | I_ |
Rx > >
Tx-Rx
spectrum

= |

Fig. 4 mmWave transmitter and receiver simulation model. (ZOM: Zero-order hold.)
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Fig.5 Path loss model and considered path loss values for
indoor and outdoor communication.

blue line, and the considered path loss values are
presented by the red circle marks.

The free space path loss of the IoVs increased with
increasing distance between transmitters and receivers
at 66 GHz, as shown in Table 3. Path loss is caused by
free-space impairments of the propagating signal,
including attenuation, reflection, absorption, and
refraction. The higher path of the system indicates low
signal strength, receiving a signal with noise and
distortion. The the

graphical representation of

Table 3 Path loss analysis of transmitted and received
power based on Tx-Rx distance.

Distance Path loss  Transmitted power Received power
(m) (dB) (dBm) (dBm)
20 89 0.8963 5.5802
40 101 0.8963 5.5773
140 102 0.8963 5.5758
200 115 0.8963 5.5761
201 ]
10¢,
€ 0
g \
E \
% \‘ M
° |
g !
£
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-3 -2 -1 0 1 2 3
Frequency (MHz)
(a) At indoor 20 m distance
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transmitted and received power signal based on Tx-Rx
distance is shown in Fig. 6.

Figures 7 and 8 show the transmitter and receiver
power signal for indoor and outdoor communication at
66 GHz carrier frequency. It is the power measurement
at the carrier frequency, across the channel, or a wide
spectrum. For a better understanding of the capabilities
of the proposed model, we now describe the channel
characteristics for a 66 GHz channel chosen because of
its high signal attenuation. These measurements are
called adjacent power occupied
bandwidth. The center frequency and bandwidth of
these channels

channel and

are consistent. Transmission and
reception of signal energy tend to disperse around the
carrier signal frequency since communications
hardware is not ideal.

We calculated the PDR and probability of the four
identified errors in the simulation to validate the

6 T

I Transmitted power [ Received power

Power signal (dBm)

40 140
Tx-Rx distance (m)

Fig. 6 Transmitted and received power signal based on the
Tx-Rx distance.

Power signal (dBm)

-3 -2 -1 0 1 2 3
Frequency (MHz)
(b) At indoor 40 m distance

Fig.7 Power signal of the transmitter and receiver at indoor (20 m, 40 m) distances, respectively.
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Rx

Power signal

-60 . . L . . I L

> [7]

-3 -2 -1 0 1 2 3
Frequency (MHz)
(a) At outdoor 140 m distance

Fig. 8

proposed models. It is accomplished by logging all
packets that are correctly received and those that are
not received and classifying them according to one of
four error types. The distance among Tx-Rx is also
included in the logs for each packet. By default, the
comparison between the PDR and Packet Loss Ratio
(PLR) is conducted that IoVs transmit packets with
packet size B=256 bytes at A=0.0045Hz with a
transmission power concerning the indoor and outdoor
distances, as mentioned in Fig. 9.

The proposed model has also been validated for
different Tx-Rx distances, path losses, packet sizes,
and data rates. Figure 9 compares the PDR and PLR
obtained for the Tx-Rx distances. The data rate and
packet duration affect each vehicle’s interference and
channel load. The PDR is decreased to the indoor and
outdoor distances of the IoVs, and PLR shows the
performance reciprocal of the PDR.

The packet loss probability is increased with respect

1.0 = w— T T T T T T T

N\S\S\>

0.8 [ 1

09

0.7 | 1

0.6 —6— Packet delivery ratio | |

—— Packet loss ratio

0.5

0.4 1

03[ 1

Performance evaluation

0.2 1

01

0 20 40 60 80 100 120 140 160 180 200
Tx-Rx distance (m)

Fig. 9 Performance evaluation of the packet delivery ratio
and packet loss ratio with respect to the Tx-Rx distance.
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Tx [7]
Rx

Power signal

-3 -2 -1 0 1 2 3
Frequency (MHz)
(b) At outdoor 200 m distance

Power signal of the transmitter and receiver at outdoor (140 m, 200 m) distances, respectively.

to the Tx-Rx distances due to the propagation effect,
packet collisions, busy receiver, and sensing threshold.
Figure 10 compares the probability of packet loss error
by all types of transmission error acquired based on the
Tx-Rx distances. Based on Fig. 10, the probability of
propagation effect, threshold error, and

dynamic receiver error are almost perfectly matched,

sensing

with only a small deviation for packet collisions.
Sensing and communication ranges are affected by
transmission power. The hidden terminal problem or
can generate packet
collisions, influencing channel load and vehicle traffic.

concurrent  transmissions

An analysis of the performance of 5G mmWave-
based vehicular communications in indoor and outdoor
scenarios is presented based on the different distances
Tx-Rx. Taking advantage of 5G
communication and the proposed methodology, we can
increase throughput, reduce delay, and ensure reliable
transmission thanks to great improvements in our

between

0.07 T T T T T T T T T

p

—O— Propagation effect

—&O— Packet collision N
Busy receiver
—=8— Sensing threshold

0.05 - N

0.06 -

Probability of packet loss error

0 20 40 60 80 100 120 140 160 180 200
Tx-Rx distance (m)

Fig. 10 Probability of packet loss error with respect to the
Tx-Rx distance.
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architecture. Vehicle and access point associations
which
contributes to the delay. An indicator of throughput is

require a considerable amount of time,
the rate at which messages are successfully transmitted
over a communication channel. Messages containing
these data may be transmitted via the IoV.

Figure 11 shows the data transmission over the Tx-
Rx distance, as the distance increases between the Tx
and Rx, data delivery decreases because of the high
packet losses. The proposed methodology shows less
delay during the connection, as shown in Fig. 12.

4 Conclusion

The IoV is becoming increasingly prevalent as
autonomous vehicles and supporting infrastructure
become commonplace (e.g., smart cities). This paper
presents the system model of the transmitter and
receiver network system and the advantages of high-

51 T T T T T T T T T

q
50

49

48

47

46

45

Average throughput (kbit/s)

44

D

43 1 1 1 L L L L L L
0 20 40 60 80 100 120 140 160 180 200

Tx-Rx distance (m)

Fig. 11 Average throughput based on the Tx-Rx distance.

0.140 T T T T T T T T T

0.139

0.138

T
L

0.137

0.136

0.135

T
\>4

0.134 i

Average delay (ms)

0.133

T
L

0.132

0.131 4

0.130% 1 1 L 1 L 1 1 L 1

20 40 60 80 100 120 140 160 180 200
Tx-Rx distance (m)

Fig. 12 Average delay based on the Tx-Rx distance.

frequency mmWave signal transmission for the IoV
system. This work presents the mathematical modelling
and simulation model of the RF signal transmit and
receive system with QPSK, a 32-element hybrid
beamforming antenna at 66 GHz. The performance of
the transmitter and receiver is based on the indoor and
outdoor distance at 66 GHz. Various simulation results
analyses illustrate the performance of transmitter and
receiver based on indoor and outdoor communication
at 66 GHz, considering the total path loss that must be
carefully addressed for V2V communication. Here, we
illustrate the transmitted and received signals for
indoor and outdoor communication, and it offers lower
path loss exponents while simultaneously delivering a
better-received message. The performance
parameters are also measured to know the data
transmission behaviour between two vehicles based on
the distance. The packet delivery ratio is slightly
decreased for outdoor communication due to the
propagation effect, packet collisions, busy receiver, and
sensing threshold. With the proposed methodology, a
higher packet delivery ratio and an average throughput
are demonstrated with less delay during transmission.
This methodology can be applied to real-time traffic or
time-based IoV network data in the future.
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