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Abstract—High mobility, low latency and high
throughput requirements in intelligent transport sys-
tems (ITS) have paved the way for the development of
new wireless communication technologies. Therefore,
the 5.9 GHz band has been assigned to ITS applications
under two main technologies. Europe’s ITS-G5 is one
such technology, which is based on IEEE 802.11p. The
other alternative technology is 3GPP’s cellular vehicle-
to-everything (C-V2X). Both of these technologies have
their inherent advantages and disadvantages due to
dissimilarities in their physical (PHY) and media ac-
cess control (MAC) layer architectures. Therefore, the
applicability of each technology will vary depending on
the situation. While previous work has been mainly
focused on the comparison of two technologies, in this
paper, we investigate the benefit of the co-existence of
both of these technologies for a V2I downlink scenario
in a road-side unit (RSU) placed at the center of
an urban road intersection. We propose an optimiza-
tion scheme to achieve the best minimum signal-to-
interference-plus-noise ratio (SINR) performance for
the RSU while providing connectivity to the maximum
possible number of vehicles. Our analysis shows that
ITS-G5 should be given priority when communicating
with larger number of vehicles while C-V2X should
be given priority when less number of vehicles are
requesting to connect with the RSU.

Index Terms—Intelligent transport systems, ITS-G5,
IEEE 802.11p, 3GPP, cellular vehicle-to-everything,
physical layer, media access control layer, downlink,
road-side unit.

I. Introduction
In modern ITS solutions, on-board units (OBU) placed

in vehicles communicate with nearby vehicles equipped
with OBUs to provide direct vehicle-to-vehicle (V2V) com-
munication. In addition to the V2V communication, ITS
solutions contain vehicle-to-infrastructure (V2I) communi-
cation which is supported by the deployment of road-side
units (RSU) in critical places within city infrastructure.
Two main technology standards have emerged in recent
years to support these communication scenarios. The
dedicated short-range communication (DSRC) protocol
developed in US [1] and the ITS-G5 protocol developed
in Europe [2] are similar technologies which have been
established based on IEEE 802.11p standard. The other
technology, cellular V2X (C-V2X) was introduced in third
generation partnership project’s (3GPP) Release 14 and
was evolved in Release 15 [3] and Release 16.

There have been many research investigations carried
out to optimize or to reduce the load of both ITS-G5 and
C-V2X independently. Sadio et al. in [4] suggest using Wifi

Direct as a second communication alternative to transfer
non-critical data. Furthermore, several studies considered
the comparison and co-existence of ITS-G5 and C-V2X.
In [5], a comparison of the PHY layers and associated
MAC layers of these technologies has been carried out to
determine the performance for different vehicle densities.
In [6], it discusses a cooperative awareness message (CAM)
forwarding mechanism which takes advantage of dual
interfaced vehicles which can forward packets between
DSRC and C-V2X. Wang et al. in [7] study a spectrum
sharing problem where cellular V2X users coexist with Ve-
hicular ad-hoc network (VANET) users in the unlicensed
spectrum.

According to the ETSI harmonized standard EN 302
571 [8], the ITS spectrum is segmented into 3 parts:
‚ 5855-5875 MHz for non-safety ITS applications;
‚ 5875-5905 MHz for safety-related ITS applications;
‚ 5905-5925 MHz for Future ITS applications.
The 5G Automotive Association suggests a priory agree-

ment to split the 5.9 GHz safety related ITS spectrum
between two technologies where separate 10 MHz chan-
nels at each end of the spectrum are reserved for each
technology while keeping the channel in the middle vacant
[9]. It is suggested to develop mutual detect-and-vacate
algorithms for the two technologies to access the middle
part of the spectrum. Although this opens up the window
for a possible co-existence in the future, without proper
consideration about each technology’s strengths and weak-
nesses, there is a possibility for the ITS spectrum to be
under-utilized.

With the rapid developments in the vehicular industry,
there is a possibility to see autonomous driving cars in the
near future [10]. These vehicles will require efficient and
reliable communication networks which will be responsible
for communicating huge amounts of data collected from a
variety of sensors such as LiDAR, radar, and high-quality
cameras [11]. It is very important for vehicular networks to
have the ability to work without interruptions with such
large amounts of data since vehicular communication has
the potential to reduce or control vehicle-related accidents
and minimize the fuel and other resource wastage. In
urban regions, due to high traffic, there is a possibility
for vehicular communication networks to be overloaded
with data. In particular, road intersections will become the
center for vehicle clusters [12]. Cho et al. in [13] suggest a
vehicle distribution in an urban area where vehicles to be



TABLE I
Performance of selected modulation and coding schemes (10 ms/10MHz channel).

Class ITS-G5 C-V2X
Minimum SINR

(dB)
Transmitted packets Range (m) Minimum SINR

(dB)
Transmitted packets Range (m)

1 27 73 84 28.1 50 137
2 26 69 89 25.9 50 150
3 22 56 112 21.1 50 191
4 18 40 141 18.7 40 213
5 15 32 167 14.5 30 258
6 13 22 188 12.8 30 278
7 11 17 210 11.2 20 294
8 10 11 223 9.9 20 306

distributed in clusters.
Therefore, the efficient management of V2X communi-

cation traffic at urban intersections will become a definite
concern in the vehicular communication system develop-
ment and urban planning. The developers will be further
constrained by the limited spectrum resources allocated
to ITS applications. Since both ITS-G5 and C-V2X offer
their own set of benefits and drawbacks, a solution can be
obtained by the proper utilization of these technologies.

In addition, the V2I downlink communication is often
affected by the leakage interference from V2V communi-
cation occurring in adjacent channels [14]. The effect of
this leakage interference depends on the communication
technology used in the V2I communication. Therefore, a
proper channel allocation scheme should be introduced to
minimize the effect of this adjacent channel interference
(ACI).

In this paper, We use the term base station (BS) and
RSU to refer the same infrastructure within the ITS
network. We study the downlink V2I communication at a
single road intersection with an RSU placed at the center.
We assume the roads are perpendicular to each other in
urban environments. We model the RSU to communicate
with a set of vehicles selected from the population. We
describe a scheme that maximize the SINR performance
of the vehicle with the weakest channel while using both
C-V2X and ITS-G5 to achieve connectivity. We present a
method to figure out the technology most suitable for each
vehicle. The technology selection scheme is modeled and
solved by using a MATLAB/CVX package. Additionally,
we suggest a channel allocation scheme to minimize the
effect of leakage interference from the V2V communication
towards the intended V2I communication.

The rest of this paper can be summarized as follows.
Section II elaborates on the PHY layer of the two tech-
nologies, the system model and the problem formulation.
The algorithm for optimum co-existence and the channel
allocation scheme for ACI minimization is described in
Section III. We analyze the optimum co-existence scenar-
ios for the two technologies and ACI minimization using
numerical simulation results in Section IV. Finally, Section
V concludes the paper.

II. System Model and Problem Formulation
A. Technology Overview

The PHY layer of ITS-G5 adopts orthogonal frequency
division multiplexing (OFDM) with a symbol duration of
8 µs and a subcarrier spacing of 156.25 kHz. The channel
bandwidth requirement is 10 MHz. ITS-G5 supports eight
modulation and coding schemes (MCSs). In comparison,
the PHY layer of C-V2X uses single carrier frequency
division multiple access (SC-FDMA). Total duration for
14 symbols is 1 ms, which is called a transmission time
interval (TTI) and the subcarrier spacing is 15 kHz.
Twelve subcarriers will form a resource block (RB) which
is the smallest resource that can be allocated to a user.
A 10 MHz channel has the ability to support 50 RBs.
Unlike an ITS-G5 channel which can support only one
transmission in a single instance, C-V2X has the ability to
support multiple parallel transmissions in a single instant
by properly handling the RBs. Therefore, C-V2X has a
better flexibility in the resource allocation in frequency
domain. But due to high symbol duration, C-V2X trans-
mission rate is less than ITS-G5 at high MCS indexes.
For different modulation and coding schemes (MSCs) and
a message size of 300 bytes, the SINR, range and latency
performances of these technologies are calculated in [15].

Using the performance values obtained from [15], we
can calculate the number of messages transmitted and the
transmission range for a 10 ms time period and 10 MHz
channel bandwidth. For approximately similar minimum
SINR performances, we can categorize the different MSCs
of two technologies into 8 different classes. These details
are listed in Table I.

B. Vehicle Distribution Model and Optimization Problem
Let the indicator θi define technology selection for the

ith vehicle which is defined as,

θi “

$

&

%

1 if ITS-G5

0 if C-V2X.
(1)

We consider a downlink V2I communication scenario
with the transmitter located at the center and the ith



TABLE II
ACIR values for different V2X technologies [14].

Aggressor Victim ACLR [dBc] ACS [dB] ACIR [dB]

ITS-G5 ITS-G5 26 22-29 20.6-24.5
C-V2X ITS-G5 30 22-29 21.4-26.5
ITS-G5 C-V2X 26 33 25.2
C-V2X C-V2X 30 33 28.2

vehicle or receiver situated ri distance away from the
transmitter. The received power with LOS path-loss is,

Pi “ θir
´αIT S
i P ITS ` p1´ θiqr´αCV 2X

i PCV 2X , (2)

where the notations αITS and αCV 2X represent the path-
loss exponents of ITS-G5 and C-V2X, respectively. The
transmit power at the BS for ITS-G5 is P ITS and PCV 2X

is the transmit powers at the BS for C-V2X.
We introduce θ “ rθ1, θ2, ..., θi, ..., θN s for the technology

selection of all N vehicles connecting with the BS. Since
the BS has the ability to allocate resources among the
users, we assume that there is no V2V communication or
V2I communication sharing the same channel. Therefore
there will be no interference. Therefore, the SINR at ith
vehicle can be defined as,

γi “
θir

´αIT S
i P ITS ` p1´ θiqr´αCV 2X

i PCV 2X

σ2 , (3)

where the minimum SINR maximization is achieved by
choosing the optimum θ value for all i=1,2...,N. Moreover,
the usable bandwidth for the BS is limited by Btot. This
optimization problem can be formulated as,

max
Θ

min
iεr1,Ns

γi

subject to

RřN
i“1 θi
NITS

V

`

RřN
i“1p1´ θiq
NCV 2X

V

ď Btot

θi P t0, 1u, for i=1,2,...,N,

(4)

where θi for all i=1,2,...,N are the optimization variables.
The number of packets transmitted in 10 ms by ITS-
G5 channel and C-V2X channel are NITS and NCV 2X ,
respectively. C-V2X has the advantage of having a larger
range. This can be observed in Table I. Therefore, C-V2X
has the higher SINR performance at the receiver. In high
rate MCS scenarios, NITS ą NCV 2X . Therefore, ITS-G5 is
able to provide connectivity to more vehicles than C-V2X.
Therefore, when the resource availability is high and

demand is low, C-V2X is given higher priority. But as the
demand increases or resources decrease, allocation to ITS-
G5 begins to increase. This prevents the trivial solution of
only one technology being preferred over the other in every
instance and generates a proper co-existence scenario.

Fig. 1. Scenario where V2V communication causing ACI on V2I
communication.

C. Leakage Interference Model
There is a probability of a leakage interference from the

V2V communication in neighbouring channels. The main
parameter to consider in leakage interference measurement
is the adjacent channel interference ratio (ACIR), which
is defined as the ratio of the total power from the assigned
channel to the total interference power affecting a victim
vehicle. The ACIR can be obtained using,

ACIR « Φ “ 1
1

ACLR `
1

ACS

, (5)

where, adjacent channel leakage ratio (ACLR) is defined
as the ratio of the transmitted power to the power mea-
sured in the adjacent channel. Adjacent channel selectivity
(ACS) is defined as the ratio of the receiver filter attenua-
tion on the assigned channel to that on the adjacent chan-
nel. Different ACLR, ACS and ACIR values for different
V2X technologies are given in Table II. The V2V commu-
nication acts as an aggressor towards V2I communication.
Therefore, V2V communication technology is considered
as the aggressor while V2I communication technology is
considered as the victim. Similar to the previous situation,
the distance from the BS to the victim vehicle is ri. The
distance from the aggressor to the victim is dagg. This
scenario is illustrated in Fig. 1. The leakage interference
can be obtained from,

Pleak “ P aggd´αV 2V
agg 10p

´Φ
10 q, (6)

where, P agg is the transmit power of the aggressor. There-
fore, the SINR for the ith vehicle can be obtained from,

γi “
θir

´αIT S
i P ITS ` p1´ θiqr´αCV 2X

i PCV 2X

σ2 ` P aggd´αV 2V
agg 10p

´Φ
10 q

. (7)

III. Proposed Algorithm and Channel
Allocation Scheme

With high vehicle numbers, there can be certain in-
stances where the optimization problem in (4) becomes



unsolvable. For example, when the bandwidth constraint
is very low, even by using ITS-G5 technology, the BS is
unable to allocate resources for all N vehicles. Therefore,
a modification to the initial NpN p0qq is suggested in
the algorithm introduced in this Section. In addition, an
example channel allocation scheme to minimize the effect
of ACI is suggested.

A. Algorithm Development

Even when the RSU only allocates resources to the
technology which supports higher number of vehicles, it
might be insufficient in some situations. In other words,
within a single 10 ms instance, when the number of vehi-
cles expecting to be connected with the BS is higher than
both BtotˆNITS and BtotˆNCV 2X , the 1st constraint in
the optimization problem becomes unsatisfied. The RSU
can identify this situation by the boolean expression is
given in,

f1 “ pN ą Btot ˆNITSq & pN ą Btot ˆNCV 2Xq . (8)

Although, NITS ą NCV 2X in our test case, there is a
possibility forNITS ă NCV 2X according to Table I. There-
fore, rather than only using BtotˆNITS , the compatibility
of both technologies is considered. Therefore, only if both
technologies are unable to provide sufficient resources for
the demand, the value of N is modified.

Since the compatibility of both technologies is con-
sidered in (8), the technology which is able to provide
maximum connectivity should be identified. Therefore, the
values NITS and NCV 2X are compared. The technology
which provides the maximum connectivity comes up with
a higher value. Therefore, the value of N is finalized as,

N “

$

&

%

Btot ˆNITS NITS ě NCV 2X

Btot ˆNCV 2X NITS ă NCV 2X .
(9)

Although this appears simple, there should be many
factors to be considered before selecting the modified N
number of vehicles from the initial client vehicle popula-
tion (N “ N p0q). For the simplicity, in this research, the
vehicles with a stronger link are selected to communicate
with the BS. With MAC layer, a scoring scheme could be
introduced to increase priority to the vehicles which are
rejected. Therefore, later when these rejected vehicles try
to establish connections with the BS, they will be given
higher priority than other vehicles. Therefore, it will be
fairer to the vehicles with weak channels. The finalized
procedure is illustrated in Algorithm 1.

Fig. 2. Resource allocation for technologies while minimizing leakage
interference.

Algorithm 1 Resource Allocation algorithm
initialize N “N p0q,θ “ θp0q, Btot

if N ą pBtot ˆNITSq & N > pBtot ˆNCV 2Xq then
if NITS ą NCV 2X then

N “ pBtot ˆNITSq
else

N “ pBtot ˆNCV 2Xq
end

end

Solve optimization problem in p4q and get θ

B. Channel Allocation Scheme
According to the the values obtained from Table II, the

ACIR is higher when the victim technology is C-V2X.
Therefore, when there is ACI caused by V2V communi-
cation, the adjacent channels with V2I links should be
allocated with C-V2X technology. From the RSU’s point
of view, when a portion of the spectrum is allocated
for V2V communication, the BS should allocate C-V2X
technology to the channels adjacent to V2V channels. Such
an allocation is shown in Fig. 2.

IV. Numerical Results
In this section, we present the numerical results of our

optimization problem in (4) and SINR comparison for
different victim technologies under ACI as modeled in (7).
We present the number of resources allocated to the ITS-
G5 and C-V2X technologies under fixed bandwidth and
client population (N) scenarios. Additionally, we plot the
SINR under ACI against the distance to a single aggressor
for both V2I communication technologies.

A. Co-existence Optimization Analysis
The vehicles distances are generated under a Poisson

distribution. The maximum usable bandwidth for ITS
in the 5.9 GHz spectrum is 75 MHz (5850-5925 MHz).
Therefore, the allocated spectrum has the ability to sup-
port seven 10 MHz channels. The transmit power P ITSi

= PCV 2X
i = 23 dBm. According to the values listed in

Table I, the SINR of ITS-G5 at these distances below
300m is obviously lower than C-V2X. In our work, the
path-loss exponents αITS = 4 and αCV 2X = 3. The values
are obtained by fitting the SINR and distance values from
Table I into power models. The value of αITS can be
further verified by [16].



Fig. 3. Allocated number of vehicles for ITS-G5 and C-V2X against
the number of vehicles communicating with the BS (N).

While solving the optimization problem, we need to
provide maximum connectivity to the vehicles in the pop-
ulation. We need the MCS classes with highest rates to
achieve this. Therefore, class 1 from Table I is used. The
number of packets transmitted during 10 ms NITS = 73
and NCV 2X = 50. The transmitted packet numbers NITS
and NCV 2X are allocated to satisfy the 10 MHz channel
specifications.

The allocation of resources for ITS-G5 and C-V2X for
a various number of client vehicles is shown in Fig. 3.
The number of connections is varied from 0 to 292. the
simulation has a fixed bandwidth constraint Btot = 4. As
it can be observed, the number of allocations for C-V2X
seems to have a gradual increase against the number of
vehicles communicating with the BS (N ) while the number
of allocations for ITS-G5 remains zero. This is due to the
fact that the pathloss exponent of C-V2X being smaller
compared to the pathloss exponent of ITS-G5. Therefore,
C-V2X is able to deliver much higher SINR values than
ITS-G5 at the client receivers. However, as N further
increases, allocations for ITS-G5 starts to appear. This is
a result of C-V2X having a higher bandwidth requirement
than ITS-G5. Therefore, with further C-V2X only allo-
cations, there is a possibility of exceeding the bandwidth
constraint. This results in an increase of allocations for
less bandwidth requiring ITS-G5. Ultimately, with 292
connections, it can be observed that 100% of vehicles have
been allocated with ITS-G5.

Fig. 4 depicts the allocated number of vehicles for each
technology against the Bandwidth constraint (Btot). Here,
the simulation is performed for a fixed client vehicle popu-
lation, N = 350. As expected, at low bandwidth situations,
the allocations are dominated by low bandwidth requiring
ITS-G5. The resources are allocated to ITS-G5 until every
client is provided with a channel. A bandwidth of 50 MHz
is sufficient to provide all 350 clients with a communication

Fig. 4. Allocated number of vehicles for ITS-G5 and C-V2X against
the bandwidth constraint.

Fig. 5. The minimum SINR against N.

channel with the BS using ITS-G5. With further increases
in the bandwidth constraint, ITS-G5 channels begin to be
replaced with C-V2X channels. Since C-V2X has better
performance at the receiver, this process continues until
all 350 clients are allocated with C-V2X channels.

To observe the effect of the algorithm, minimum SINR
is plotted against the number of vehicles communicating
with the BS. We compare the performance of our system
with an all ITS-G5 system. The resulting comparison is
addressed through Fig. 5. Obviously, if only C-V2X is used
in this situation, the best SINR values can be observed.
But, due to resource limitations, C-V2X technology cannot
handle high vehicle numbers. Therefore, there is no point
in comparing with the minimum SINR of an all C-V2X
system. The number of vehicles communicating with the
BS varies from 1 to 300 while the bandwidth constraint
Btot = 4.



Fig. 6. Comparison of SINR performance of ITS-G5 and C-V2X
V2I communication in the presence of ACI.

B. ACI Analysis
Fig. 6 shows a comparison of the SINR performance

of ITS-G5 and C-V2X for a victim vehicle situated 1 m
distance away from the BS. The BS tries to communicate
with the victim vehicle using both technologies in two sep-
arate instances. The aggressor communication technology
is C-V2X. In our simulation, we change the distance to the
aggressor vehicle (dagg) from 1 m to 20 m. As it can be
observed, the SINR of the victim increases as the distance
to the aggressor increase. But, in each situation, better
SINR performance is provided when the victim vehicle
uses C-V2X as communication technology. A similar result
can be observed when ITS-G5 is used as the aggressor
technology.

V. Conclusion
In this paper, we have analyzed a possible co-existence

scenario of two vehicular communication technologies.
We have first derived an optimization problem which
allowed us to find the number of allocations for each
technology while maximizing the SINR of the vehicles
with the weakest channels. The optimum co-existence
scenarios were evaluated through numerical simulations by
plotting the number of allocations for both technologies
on the same graphs. As numerical results suggest, with
the availability of sufficient resources, C-V2X is able to
provide the clients with better SINR values. Therefore,
more resources are allocated to C-V2X when the demand
is less. However, this better performance comes at the
expense of high bandwidth demand. Therefore, in high
demand situations, the allocation seems to move more
towards ITS-G5. With the suggested optimization scheme,
the RSU is able to provide higher SINR to the vehicles
while providing maximum connectivity. This optimization
scheme can be further extended to consider the effect of
the maximum delay of each technology. Finally, in the

presence of leakage interference from V2V communication,
C-V2X performs better as the downlink V2I technology.
Therefore, C-V2X should be allocated to the channels
adjacent to V2V communication channels.
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