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Abstract

The facilitation of a high speed 6G network will boost the performance of data transmission in order to meet
its dynamic communication demand with massive generation of data in Internet-of-Vehicle (IoV) environ-
ment. Adoption of existing methods towards 6G in oV is significantly witnessed with loopholes and limi-
tation related to lack of structurization of massively generated data considering practical grounds. This chal-
lenge is addressed in proposed study by introducing a novel baseline architecture where a layer-wise oper-
ation is carried out towards developing a sustainable communication model in IoV. The monitoring and
sensing is carried out by sensing layer while computing layer facilitates short range communication system
using Request For Comment (RFC) 7625 compliant of 6G communication. The study outcome shows that
proposed scheme is capable of structuring traffic data from IoV environment and offers better control on
delay and stabilized links on multiple test cases of channel capacities.

Keywords: 6G, Internet-of-Vehicle, RFC 7625, Monitoring, Traffic Data;

1 Introduction

The proposed study is meant to develop a communication model which is compliant
of 6G wireless network with a peak data rate more than 1 Tb/s and claimed reduced
latency of 10-100us with higher mobility [1]. At the same time, Artificial intelligence is
seen to increasingly use in various field of network; however, owing to the dependency
of massive data and computing resources towards maximizing the usage of Al, it still
finds highly challenging to be implemented in 6G which is 100 times faster than 5G [2].
Developing an Artificial Intelligence in 6G network is still feasible if a proper case study
with formulation of all the constraint is carried out in mathematical modelling [3]; how-
ever, this is very less to be seen in existing approaches. 6G claims of offering a ubiquitous
connecting environment e.g., Internet-of-Things. Therefore, the proposed study consid-
ers a use case of Internet-of-Vehicles, where the assessment environment of proposed
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Artificial intelligence in 6G networks becomes feasible. The next section further high-
lights existing literatures and its issues. 6G is still in its nascent state of development
which suffers limitation of 100% coverage, terahertz communication, optimizing spec-
trum, and challenges in incorporating Artificial intelligence for making smart network.
Therefore, considering Internet-of-Vehicle (IoV), which is preferred target of 6G net-
work system, the proposed scheme introduces a novel computational model which is ca-
pable of establishing a seamless connection among the vehicles in IoV considering ma-
jority of the practical constraints of 6G. The proposed model also contributes towards
incorporating Artificial Intelligence in order to build up a predictive communication
model over 6G compliant vehicles. Further, the study also contributes towards optimiz-
ing the learning framework using cloud computing for facilitating sustaining connection
among vehicles using 6G networks. This section further illustrates about study back-
ground, research problem and proposed solution as follows:

1.1 Background

It is to be noted that core aim as well as vision of 6G network is to facilitate ultra-
dense network with reduced latency and faster rate of data transmission especially re-
quired in Internet-of-Vehicle (IoV). While facilitation of artificial intelligence further
accelerates the process of finding optimal connection ensuring seamless connection.
However, this is quite a challenging task. There are various forms of existing studies
carried out most recently towards this target. The work carried out by Basset et al. [4]
have used various computational intelligence in order to optimize the connection between
the vehicle and sink. The model is also appended with cross-over operator in order to
carry out better convergence over 6G network. However, the limitation of this model is
it has an extensive set of learning operation involved which could lead to intermittent
link even in 6G network. The study carried out by Chen et al. [S] have used deep learning
in order to facilitate autonomous driving in IoV using 6G. The model has used Markov
chain to carry out prediction of system states in order to retain safer distance between
two vehicles. The limitation of this model is it used stochastic network calculus for dis-
tance control without considering connectivity with other vehicles much. Similar direc-
tion of work is also witnessed in literature of Ergen et al. [6] who has introduced a de-
centralized edge architecture for consistent distribution of computational capacity using
computational resources of the vehicles. The limitation of this model is it is a theoretical
framework that has not been benchmarked.

Work carried out by Jiao et al. [7] have developed an intelligence access technology
over 6G where power factor is used along with expectation maximization algorithm for
communication purpose. The limitation is that the model targets resource allocation with-
out considering complete topological information of vehicular network. Lv et al. [8] have
developed a framework that ensure vehicular connectivity in 6G network with complete
channel characteristics in IoV. The study limitation is massively generated data of vehi-
cles is not utilized in this regard and it depends on training data entirely. The work of
Nawaz et al. [9] have developed a model for connecting large set of vehicles in oV using
6G networks especially focusing on non-coherent communication. The model limitation
is that its specific rate of data transmission in dense network is not explored, which could



render 6G unutilized. The work carried out by Shrestha et al. [10] have carried out dis-
cussion of using 6G services over unmanned vehicular network using multi-layer param-
eters. The limitation of this study is that it doesn’t highlight any tentative solution towards
dealing with massive data rates from such forms of vehicles. The work carried out by
Tang et al. [11] have discussed about contribution of machine learning approaches over
6G network, which is impressively elaborated about its perspective from various loV
application. Existing study has also work towards streaming services using blockchain
in IoV in 6G as presented by Wang et al. [12]. The limitation of the model is that adoption
of blockchain has been carried out without dealing with impending issues of blockchain.
The work carried out by Xu et al. [13] have discussed about service migration in 6G over
IoV emphasizing over energy factor. The limitation is this model it offers trade-off be-
tween speed and reliability of data transmission even using 6G as the migration technique
is highly iterative.

Further studies using artificial intelligence has been carried out by Yang et al. [14]
where different approaches have been reviewed in the context of application in 6G com-
munication system. According to this study, there are massive advancement in such smart
implementation required and it is still under development. The limitation of this study is
that it doesn’t offer direct indication or guideline for future adoption of artificial intelli-
gence in 6G. Qi et al. [15] has used a case study of internet-of-things and has used deep
learning approach for facilitating better form of communication with a target to impro-
vise a energy. Although, the outcome exhibits better performance but still it suffers lim-
itation of inducing higher computational complexities without any form of benchmark-
ing. The work carried out by Mishra and Tripathi [16] have presented a unique business
model of artificial intelligence and machine learning considering a use case of various
heavy application which will be more-or-less dependent on speedy networks. The model
has exhibited better innovation in business model of intelligence; however, its limitation
is that it is not assessed from the data transmission perspective and it is more inclined
towards analytics. Consideration of communication factors are very essential as without
this, it is challenging to initiate any form of modelling practices. Study in this direction
has been carried out by Mahmood et al. [17] where various key indicators has been in-
vestigated e.g., low-powered devices, global connectivity, essential dependencies, secu-
rity, and privacy, etc. The limitation of this work is that it doesn’t brief out any specific
mechanism for optimization of resources using these communication drivers. This lets to
an open research question that what could be further mechanism towards harnessing the
power of artificial intelligence on using over application to be using 6G network. It
should be noted that studies towards using artificial intelligence is just a beginning and
it has a long way to go.

1.2 Research Problem

The significant research problems are as follows:
e Not much extensive usage of novel and cost-effective artificial intelligence
(even in form of machine learning) approaches is witnessed in 6G based loV
environment.



e  There are various existing works e.g. [18]-[27] towards oV but such studies
are found to not consider managing of massively generated data in loV.

e Identification of optimal resources in existing loV based on 6G network is
still in infancy stage which are majorly theoretical and un-benchmarked with
narrowed test environment.

Therefore, the problem statement of the proposed study can be stated as “It is chal-
lenging to design a 6G-based oV environment which can effectively manage the mas-
sively generated data for rendering suitability in advanced analytical operation in fu-
ture.”

1.3. Proposed Solution

In continuation of our prior work [28], the core agenda of the proposed study is to
construct a baseline architecture towards IoV that is supportive of the communication
facilitation via 6G networks. As the study model is designed considering deployment of
application in future using 6G, it is eventually anticipated to introduce a large number of
data traffic too. Therefore, a systematic design implementation is required in order to
evolve up with such challenging solution that can cater up complete communication de-
mands related to [oV. Hence, a layer-based architectural scheme is designed to address
this challenge as showcased in Fig.1.
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Fig.1 Schema of Methodology

A baseline architecture of IoV will be constructed considering sensing environment
& control layer, computing layer, and application layer. The sensing layer will consist of
model development of intelligent vehicle and driver mainly considering monitoring and
sensing of vehicle as well as monitoring/control of information. The computing layer will



consist of deploying Wi-Fi, 6G using RFC7625, and also for short range communication.
The application layer will consist of various services of IoV to be used for testing the
proposed scheme. A simplified communication and network model will be constructed
for IoV to initiate transmission of data along with constructing a matrix which retains all
the features associated to transmission

Summarized Steps of Implementation: To develop a sensing layer which is capable of
performing both environmental and control layer operation in IoV. The sensing layer will
consist of implementing monitoring and sensing system for vehicles (both inbound and
outbound). To develop a computing layer considering heterogeneous vehicular nodes
over network and transport platform. To develop an extensive feature towards facilitating
data analysis over cloud computing platform in IoV. To implement standard RFC7625
for deploying IoV architecture in its natural form. The outcome of final model will be
anticipated to generate enough transactional data from its network model which can be
subjected to predictive analysis in next objective implementation.

2 Method

The implementation of the proposed study is designed using analytical research meth-
odology where the prime preference is offered towards introducing sensing and compu-
ting layer of proposed baseline architecture. The complete modelling is carried out using
three different algorithms emphasizing towards sensing vehicle, analyzing direction of
vehicle movement, and vehicle structuring. The study model also introduces an algorithm
for sensing vehicles in IoV which is mainly used for initiating an effective monitoring
and sensing system.

2.1 Algorithm for Sensing Vehicles in IoV

The algorithm takes the input of rmap (road map), gsi.e (grid size), cap (channel capac-
ity), tven (total vehicles) that after processing yields an outcome of 8 (sensed direction of
vehicle). Following are the steps of algorithm:

Algorithm for Sensing Vehicles in IoV
Input: 1y, (road map), gsi.e (grid size), cap (channel capacity), tven (total vehicles)
Output: 0 (sensed direction of vehicle)
Start
. init gsize, cap, Ptr
 M(%,Y) i (Fra)
. Nu2(Ptr¥tyen)
. For i=1:tyen
idx>13(x)
[xe(i), ()] € x(ickx), ()]
0(1)>fa(b)
End
End

NV AW~ —



The discussion of the algorithmic steps are as follows: After initializing the grid size
(or deployment size), channel capacity cap, and total number of vehicles #.n (Line-1),
the algorithm implements a function fi(x) which is exclusively meant to read the colored
map of the road 7mqp (Line-2). Complete image information of road map is obtained which
is then stored in map matrix M with respect to each coordinate (x, y) of the road. The next
part of algorithm implementation is towards computation of total number of transmitting
vehicles Ny using an explicit function f>(x) (Line-2). The empirical representation of this
function is as follows:

So(X) = Py x 22k (1)
As per above expression (1), the function f>(x) takes the input variables for percentage
of message propagation Py and total vehicle #.h in order to compute the total number of
transmitting vehicles. This mechanism is used for sensing the total number of vehicles in
transmission zone of oV environment (Line-2). For the next round of computation to-
wards sensing layers, the algorithm considers all the vehicles #.n (Line-3) followed by
generating an arbitrary number of index idx using another explicit function f3(x) (Line-
4). An empirical expression of this function is as follows:

f3(x) = rand*length(x) 2)

In the above expression (2), the variable x represents the x-coordinates of location of
vehicle, which when subjected to function f3(x) yield a random index number idx that is
used for tagging the sensed vehicles on lane system. Further, coordinates of the junctions
(xc, yc) are obtained by accessing this random index idx from the matrix elements of x-
coordinates of vehicle (Line-5). This assists in sensing all the incoming as well as out-
going vehicles from each lane as well as junctions system in IoV. In order to undertake
more smart measures, the algorithm chooses to compute the direction 6 for each vehicle
(Line-6). For this purpose, a function fi(x) is designed that considers the input of a vari-
able b that represents the matrix which stores all the coordinates of vehicles in junction.
In order to discuss the operation of this function fi(x), the complete illustration is fur-
nished towards the internal operation involved in the form of an algorithm.

2.2 Algorithm for Directional Attributes of Vehicles

According to this algorithm, the function f4(x) is designed to take the input of » matrix
storing vehicle coordinates with respect to junction. The algorithm constructs an empty
matrix for initialization of direction i.e., & (Line-1); this is further followed up by con-
structing a logical condition to assess if the junction position of vehicles i.e., j; and j»
doesn’t matches and are found to be unique (Line-1), then the system allocates a different
junction position j, for clearance (Line-3). However, owing to congestion or bottleneck
condition, the sensing layer can also recommend the vehicle to switch on to different
junction position (Line-7). Finally, the system performs the computation of direction 6
by accessing initialized direction @it marix With respect to all the recently indexed idx el-
ements. The steps are as follows:



Algorithm for Directional Attributes of Vehicles
Input: b (vehicle coordinates with respect to junction), idx (arbitrary index of vehicle)
Output: 4 (direction of vehicle)
Start
1. For 0imi=[]
If b(_jl, j2)=:1
Oinit= [Oimit j2]
End
Switch 6
case jl
direction to be avoided dav=js (ji|j2%j3)
End
9. End
10. 6= Binilidx)
11. End
End

I
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2.3 Algorithm for Vehicle Structuring in Computing Layer

The next part of implementation is associated with structuring the vehicle in compli-
ance with the computing layer of proposed baseline architecture. This layer of operation
is responsible for offering a short range of communication using available network sys-
tem which are mainly WiFi and 6G (RFC 7625). It should be noted that 6G doesn’t bear
a dedicated RFC for development; however, RFC 7625 relates to architecture develop-
ment using IP/MPLS streams which are an essential part of implementation for vehicular
network in IoV. The core idea of implementing baseline of this RFC is towards con-
structing a stratum network of vehicles that can be easily configured with the 6G services.
For this purpose, the idea is to ensure that variables connecting the original road system
deployed with various network and sensing devices should be able to sense and extract
traffic related data over IP/MPLS stream and forward to some core network device or
application layer in cloud. Hence, this algorithm is mainly towards developing a internal
sensing and simplified computation over 6G services which are associated with syncing
with vehicles and road system of an IoV. The benefit of this algorithm is towards its
contribution of constructing a topology that facilitates seamless sensing of vehicles and
exchange of message among the vehicles as well as vehicles to different other compo-
nents present in oV environment towards data propagation. The steps of algorithm are
as follows:

Algorithm for Vehicle Structuring in Computing Layer
Input: ¢, (total vehicle)

Output: V. (virtual cluster of heterogeneous vehicles)
Start

1. For i=1:tych

2. dz2gi(ng, ne)

3- Mabe(is gr, gC)



4. Ve y2g(br, be)

5 For m=1:length(Vx))

6 For n=1:length(V))

7. Ve, Ve =[{Vews Vet {Vexs, Veyst]
8 End

9. End

10. End

End

According to this algorithm, all the total number of the vehicles #eh is considered
(Line-1) followed by assessment of the deployment zone dz using an explicit function
21(x) (Line-2). The computation of function g;(x) is carried out as follows:

gix)=(gr. &)
g & g=— 3)

From the above expression (3), it 15 How undéftood that computation of two new
variables g; and g is carried out by considering row and columnar elements (#r, nc) of
actual roadmap points. The next operation is related to formation of a matrix label My
considering all vehicles j (or t.h) along with inclusion of newly computed variables (g,
gc) from expression (3) as noted in Line-3. The next task is towards formation of a virtual
cluster V. with respect to position of vehicles (x, y) using an explicit function g»(x) (Line-
4). The function generates the coordinates of virtual cluster V. using (b;, bc) that repre-
sents the single hop link between position of vehicle in map area (., n.) and position of
vehicle in grid area (g, gc). This is one of the essential operations where the underlying
operation of extracting the sensed information of vehicle is linked with the communica-
tion vector of network devices deployed in grid in order to sync the traffic information.
Further, the algorithm considers complete information of a virtual cluster for all its con-
sidered location in map and further constructs a topology of virtual cluster (Line-5/6) that
further organizes the complete number of vehicles running over the lane of the IoV (Line-
7). All this information is required for structuring the vehicles with oV system in order
to perform a seamless sensing and monitoring over a short range of communication.

2.4 Algorithm for Generation of Traffic Data

The next work carried out towards the baseline architecture is associated with gener-
ation of traffic data. The algorithm takes the input of ty.n (total vehicles) that after pro-
cessing yields aspace (available space). The steps of the algorithms are as follows:

Algorithm for generation of traffic data
Input: t.eh (total vehicles)

Output: ag.c. (available space)

Start

1. For i=1:tych

2. mp>gi(msg, e, n)

3. dm€gu(tm, d, n)

4. Ifreg=cid(Tnia)



bl

flag “node received msg’
End
aspacezcap'gmem
For j=1:Ng
9. OﬂoweNg'Cap
10. [v ix]>argmax(aspace)
11. aspace:aspace'oﬂow
End

S A

The novelty of this algorithm is that it offers an allocation of an encoded signal for all
its IP/MPLS streams using an explicit function g3(x) giving an outcome of message pool
m, (Line-2). In order to perform encoding, the function g3(x) considers an input of mes-
sage msg and two variables e and n which are extracted from simplified mathematical
operations towards obtaining greatest common divisor for random number and ®=(p-
1)(g-1), where p and ¢ represents two discrete prime numbers. Hence, after obtaining the
input arguments, the function gs(x) performs decimal to binary operation in order to re-
duce the possible overhead of the message and generates an encoded traffic message m,
(Line-2). The next part of the process calls for deploying another g4(x) which is meant
for performing decoding operation to generate decoded message dm (Line-3). The input
argument of function g4(x) is received message rn obtained from message pool matrix
m, and two different variable d and » which are obtained using similar operation that has
generated prior variables of e and n considering two prime numbers p and ¢g. The next
part of the operation calls for assessing the identity of receiver cluster ¢ and transmitter
cluster cig matches with respect to current cluster id rnig (Line-4). In case of a match, the
system generates the traffic message and is exchanged between two communicating
nodes (Line-5). The next part of computation initiates with assessing available space
aspace Of @ node to be allocated in one cluster obtained by subtracting group member node
gmem from capacity cap (Line-7). For all the number of clusters N¢ (Line-8), the scheme
checks if the number of group member N is greater than the capacity cap. In positive
case of this comparison, the system computed overflow Ogow by subtracting capacity cap
from N, (Line-9). This is further followed by obtaining the maximum possible space
remaining in virtual cluster with higher available space denoted as v and its number as ix
(Line-10). Finally, the algorithm also computes available space aspace on the basis of
newly computed aspace and newly computed overflow Ogow (Line-11). Therefore, the
accomplishment of this algorithm it can generate a traffic data by combining an interac-
tive operation synced between sensing and computing layers.

3 Results and Analysis

The logic of the proposed study is scripted in MATLAB considering 600 Vehicular
Nodes with 100x100 grid size and 15 Gbps channel capacity. The transmission range of
the vehicular nodes are considered to be 120 meters while 1500 bytes of packets are



considered as size of data propagation. The vehicles are considered to be moving at 5-10
m/s velocity. The visual outcomes of simulation obtained are as follows:

Fig.2(a) and Fig.2(b) showcases the input of road map in MATLAB script followed
by identification of sensed vehicles in sensing layer with respect to input of road map
and sensed vehicle position in it respectively. Varied intersection points are also identi-
fied in this process along with position of various networking devices within loV envi-
ronment. The idea is towards using the proposed algorithm for an effective monitoring
and control of the vehicular nodes in mobility conditions.

o

(@) | (b)

Fig. 2 Deployment of vehicular nodes in oV environment in road map

Figure 3(a) showcases inter and intra cluster communication respectively where the
complete sensing region is divided by various number of virtual clusters. All the node
types are same within one cluster; however, they differ from another cluster, thereby
forming a heterogeneous node management towards communication in IoV. A road side
unit is located within every cluster where each communicating vehicles looking for in-
formation forwards the encoded message. The gateway node starts interacting with
neighboring gateway node (Fig.3 (b)) in the process of syncing the source and destination
node.
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Fig. 3 Formation of Virtual Cluster for heterogeneous Node Sensing



For simplification, each gateway node exchanges a beacon after uniform interval of
time which leads to reduce the process of searching for destination node by one gateway
node. Further, the proposed system is assessed for investigating the impact on various
channel capacity (= 5, 10, 15 Gbps) with respect to performance metric of delay and
stabilized link as shown in Fig.4 and Fig.5. Adoption of delay parameter is considered as
an effective 6G-based communication system in IoV is required to offer faster transmis-
sion rate while adoption of stabilized links is done towards evaluating the presence of
reliable data transmission links among various vehicular nodes. Hence, delay and stabi-
lized link are prominent performance parameters towards assessing the suitability of pro-
posed baseline architecture of IoT.

0.2

Delay(s)

channel-capacity=5 channel-capacity=10 channel-capacity=15
testcases

Fig. 4 Impact of variable channel capacity on delay
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Fig. 5 Impact of variable channel capacity on Stabilized communication



Fig.4 showcase that proposed scheme offers delay reduction with the increase of
channel capacity. However, an intermediate channel capacity (cap = 10Gbps) is sufficient
for better delay control. Fig.5 showcase that proposed scheme offers higher number of
stabilized communications for increased channel capacity. Stabilized communication is
referred to as link associated between two communicating nodes with lower delay and
optimal data transmission leading to lower resource consumption. The outcome states
that proposed system is capable enough to perform seamless data transmission in highly
organized form in an IoV environment. Hence, the architecture shows an effective capa-
bility towards managing dynamic and massive volumes of data transmission over 6G-
based oV environment.

4 Conclusion and Future Work

This paper has presented a discussion of a baseline architecture which is designed not
only to generate a significant amount of traffic data in [oV but also towards an effective
control of all the dynamic traffic information management as well. The contribution of
the proposed study are as follows: 1) The study model constructs a baseline architecture
with more prominence towards sensing and computing layer in IoV, ii) The notion of
implemented work is mainly to make an accountable sensing and monitoring system for
vehicles when deployed in larger area of IoV simulation zone while 6G is deployed on
it. iii) The study model uses short-range communication as well as standard RFC 7625
towards balancing the data transmission demand cost effectively over heterogeneous ve-
hicular nodes, iv) the investigational study also assesses the proposed novel baseline ar-
chitecture with real road map and numerically assessed with delay and stabilized links to
find its suitability towards 6G implementation and advanced analytics. The outcomes
have been assessed to prove its applicability on any practical traffic environment. The
future work of the study will be towards developing an Artificial Intelligence model fur-
ther to optimize the communication system in 6G-enabled IoV environment.
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