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Abstract—In this paper, we investigate the analytical connec-
tivity performance of Vehicle-to-Vehicle communications when
using millimeter wave carrier frequencies, by taking into account
its challenges of high path loss and beam misalignment. The
connectivity analysis is carried out in two dimensions; first, an
analytical and parametric critical transmission range is devel-
oped, based on system parameters such as vehicle density and
Signal-to-Interference-Plus-Noise ratio threshold, and second,
the beam misalignment probability caused by the in-lane lateral
displacement of vehicles is determined. The analysis is carried
out for antennas with half power beamwidths of 3◦, 6◦, 10◦, 20◦

and 45◦, resulting in different beamwidth regimes depending
upon road curvature and vehicle density. For low/medium vehicle
density on low-curvature roads, the sensitivity of the network
connectivity to the beamwidth is relatively small. On the other
hand, the narrowest beamwidth is the best performer in terms of
maximizing connectivity in low/medium vehicle density scenarios
on high-curvature roads, and the wider beamwidth is the best
performer for high vehicle density on low-curvature roads.

I. INTRODUCTION

COOPERATIVE driving in the context of connected and
autonomous vehicles (CAVs) is a leading automotive

research theme within both academia and industry due to
its significant and timely potential to enhance and improve
safety, traffic flow, fuel consumption and emissions [1].
Fundamentally, cooperative driving is built on the capability
to exchange inertia, LiDAR, radar and video, sensor data
amongst the vehicles through a wireless channel, with typical
implementations as platooning and cooperative adaptive cruise
control (CACC) [2]. Thus a situational, real-time, beyond line
of sight awareness is enabled without equipping the vehicles
with high-cost, long-range sensors or installing frequent road-
side units.

The key metric for the reliability of cooperative driving
is connectivity, the number of connected/disconnected links
between a set of vehicles. In Vehicle-to-Vehicle (V2V) com-
munications, disconnected links can occur frequently due to
the high-speed mobility of the nodes, thus rapidly changing
the network topology and the dynamic node population [3].
The body of literature has investigated V2V connectivity in
the frame of 802.11.p and other sub-6GHz protocols [4]
and builds on distance-shortcomings, i.e. the distance between
successive vehicles being longer than the critical transmission
range, which is the maximum distance that can enable a
reliable link between a transceiver pair.

The exchange of giga-byte quantities of data created by
LiDAR and cameras is an overwhelming requirement for
the aforementioned protocols. Therefore, one of the primary

solutions to provide higher data rates, is to use millimeter
wave (mmWave) carrier frequencies and directional antenna
beams [5] [6]. In addition to distance-based disconnectivity,
the use of directional beams will introduce beam misalignment
disconnectivity due to the vehicles’ mobility.

Disconnectivity of sparse vehicular ad hoc networks based
on empirical data was studied in [7] and the critical trans-
mission range for connectivity was studied in [8]. In [9], the
mean cluster size and probability of forming single clusters
for vehicular ad hoc networks was investigated. However,
mmWave communications has not been considered in these
works as the focus was on developing an analytical model
for a system based on sub-6GHz communication systems.
Hence, [10] considered mmWave communications and used
the obstacle size and route relay window relationships to ob-
tain the best connectivity between hops. In vehicular mmWave
communications, [11] studied the performance of dual-hop
vehicle-to-vehicle (V2V) communications and the best coop-
erative vehicular relay selection, however, this work was not
specifically designed for vehicular connectivity.

Connectivity through mmWave V2V communications has
several trade-offs. For example, an increase in vehicle density
results in shorter distances for multi-hop communications
and thereby improves connectivity, but at the same time it
increases the overall interference and deteriorates connectivity
performance. In addition, wider beamwidths imply less beam
misalignment and thereby improves connectivity, but at the
same time it reduces the antenna gain and results in a weaker
signal strength, which worsens connectivity. On the other
hand, decreasing the beamwidth makes misalignment more
likely and thereby worsens the connectivity, but at the same
time it increases the antenna gain which causes more powerful
signal reception, which results in better connectivity.

To reveal the effective factors on connectivity of mmWave
V2V networks, the contributions of this paper can be summa-
rized as

• We present an analytical model, validated by Monte
Carlo simulations, which shows the reaction of connec-
tivity performance according to a change of vehicle den-
sity, beamwidth, Signal-to-Interference-plus-Noise Ratio
(SINR) threshold and antenna gain.

• We introduce a two-dimensional connectivity probability
that includes a variable critical transmission range based
on SINR-threshold and beam misalignment probability
caused by the in-lane lateral displacement of vehicles.



• We introduce beamwidth optimization strategies which
show that; (i) the narrowest beam is not the best per-
former for high-density traffic and low-curvature roads,
(ii) connectivity performance has a minor dependence on
beamwidth for low and medium vehicle density on low-
curvature roads, (iii) significant changes in connectivity
performance typically occur only for beams narrower
than 10◦.

II. SYSTEM MODEL

In this paper, a unidirectional, single-lane, vehicular traffic
flow is taken into account between two adjacent road side
units (RSUs) which are located at the road intersections. The
separation distance, D, between two RSUs is illustrated in
Fig. 1. The primary purpose of this set-up is the enabling
of cooperative driving through the passing of LiDAR and
other sensor data between each vehicle in the network and
the RSUs through the implementation of multi-hop data trans-
mission. It is assumed that each vehicle is equipped with two
mmWave transceiver antennas with corresponding directional-
beamforming-providing capabilities. One of the antennas is
assumed to be the transmitter and the other a receiver at any
moment. It is assumed that each vehicle communicates with
the closest vehicle in the same lane either at its front or rear.
Furthermore, each vehicle behaves both as a transmitter and
a receiver at any moment, as illustrated in Fig. 1.

The close-in path loss model [12], Ad−α, is implemented in
this work where A is the path loss intercept, parametrized as
(4πd0fc/c)

−2 where fc is the carrier frequency, c is the speed
of light, d is the distance between the transmitter-receiver
antennas of vehicles, d0 is the reference distance set as 1m
and α is the measurement-defined path loss exponential. The
path loss exponential is found to be approximately 2 in
the most recent measurements [12]. Moreover, the carrier
frequency is set to 28GHz. In addition, the Doppler shift
caused by the mobility of vehicles is ignored as directional
beams decrease the Doppler shift, and the use of an automated
frequency control (AFC) loop at the receiver vehicle could
neutralize small Doppler shifts [13].

Empirical VANET (Vehicular Ad Hoc Networks) studies
have shown that the number of vehicles that passes an observer
point follows a Poisson distribution [14] [7]. We consider a
road segment defined by D = [0 D] where a vehicle enters
the network at position x = 0 and leaves at x = D. Using
the arrival rate of the vehicles, λv , the density of the spatial
distribution of vehicles on the road is given as

λ = λv

∫ ∞

0

1

v
dfV = λvE(V −1), (1)

where fV is the distribution function of vehicular velocity, V .
Thus, the average number of vehicles between two RSUs is
E[N(t)] = λD for any time t [3]. By using order statistics and
conditional distributions [15], it is revealed that the positions
of the vehicles on the road segment [0 D] form as a Poisson
Point Process (PPP).

The curvature of the road, beamwidth and density of
vehicles strongly affects the probability of vehicles to interfere

Fig. 1. Graphical representation of vehicles distributed on a curvy road. The
intended receiver for the transmitter vehicle, vi, is vi+1. In (a), note that v5,
the vehicle in the red circle, is an interfered node as it also located in the
propagation region of the beam of v3. In (b), 3 vehicles are interfered nodes.

with each other. Fig. 1 shows the distribution of interferers for
the same road curvature and beamwidth, with a lower number
of interfered vehicles in Fig. 1a compared to Fig. 1b, due to
fact that the former has a lower vehicle density. Intuitively,
vehicles traveling on a straight road will interfere with each
other as they will likely stay in the beam propagation region.
Also, it is clear that an increased beamwidth will cause higher
interference to other vehicles as could be visualized from Fig.
1. Hence, a σ parameter is introduced in order to model the
aforementioned issues, which is inversely proportional to the
probability of being interfered with.

In the analytical model, the main lobe antenna gain, Gm,
and side lobe antenna gain, 0 ≤ gs ≪ 1, are chosen to
represent directional beamforming [16], [17]. The main lobe
antenna gain is given as

Gi,j =

{
Gm =

2π−(2π−ϕi,j)gs
ϕi,j

, if |θi,j(σ)| ≤ ϕi,j/2,

gs, otherwise,
(2)

where ϕi,j and θi,j(σ) are the half-power beamwidth and
beam alignment error in angular degree between a consecutive
transmitter, i, and receiver, j, respectively.

Since the interference of the main and side lobes are
different, it is a necessary to thin the density of transmit-
ter/interferers. PGG, PGg and Pgg are the probability of
main-to-main, main-to-side and side-to-side lobe interference,
respectively. In addition, the aforementioned probabilities are
dependent on whether the interfering beams propagate towards
the receiver’s main beam side or its other side. For instance,
PGG can only be formed by the vehicles that are located
in the receiver vehicle’s beam, i.e. at the front or rear, as
both the interferer and receiver beams have to align. The
thinning probability of side-to-side lobe interference from the
receiver beam side is modeled as 1−PGG whereas the thinning
probability of side-to-side lobe interference from the other
side is modeled as 0.5. This is due to the fact that half
of the interferers are located at the other side and have a
0.5 probability to direct their beams towards the receiver.
Moreover, it is assumed that PGg can only be formed by
the vehicles that are located on the other side. Thus, PGG is
modeled as a two-peak truncated Gaussian random variable



Fig. 2. Characterization of alignment and misalignment regions.

as in [17],

PGG (σ) =
1

2

∫ ϕi,j
2

−
ϕi,j
2

1√
2π
e

−x2

2σ2

σ
2

(
erf
(
π/2√
2σ

)
− erf

(
−π/2√

2σ

)) , (3)

where erf is error function and other combinations are given
as PGg = 0.5, Pgg = 1− PGG (σ) + 0.5.
A. Distance-based Connectivity

The connectivity analysis in this work is built on two
fundamental branches, namely distance and beam alignment.
To be able to connect two adjacent vehicles over a mmWave
channel, the receiver vehicle must be located in the critical
transmission range of the transmitter vehicle. For the distance-
based connectivity analysis, we model the critical transmission
range of the transmitter vehicles, rc, based on a pre-set SINR.
In other words, if the receiver SINR is greater than some
pre-set threshold, T , then the maximum distance between
the adjacent transmitter and receiver pairs that provides a
robust and reliable link for SINR ≥ T is set as the critical
transmission range. The expected value of SINR is given as

E
(
PtGmGmAr

−α
c

IΨ +N0

)
≥ T, (4)

where Pt, A, α, N0 are transmitter power, path loss intercept,
path loss exponential and zero-mean Gaussian noise magni-
tude, respectively. Also, IΨ is the sum of all interferences
and defined as

∑
iϵΨ/{z} PtGi,jGi,jAr

−α
i excluding the cor-

responding transmitter that is located at z. Note that small
scale fading is ignored for the purpose of analytical sim-
plification. Also, the blockage effect of obstructing vehicles
is omitted due to the fact that the transmitter and receiver
antennas are placed on the roof of the vehicles. By extracting
the transmitter power, antenna gain and path loss from the
expected value in (4), the following is obtained,

PtGmGmAr
−α
c E

(
1

IΨ +N0

)
≥ T. (5)

After rearranging (5) by converting the inequality to equality,
the critical transmission range is defined as

rc =

(
PtGmGmAE( 1

IΨ+N0
)

T

)1/α

. (6)

In order to calculate the expected value in (6), by means of
moving the expected value into an integral, it is rewritten as

E
(

1∑
iϵΨ Ii +N0

)
=

∫ ∞

0

E
(
e−s(

∑
iϵΨ Ii)

)
e−sN0ds. (7)

Thereafter, applying the probability generating functional
(PGFL) results in

E
(

1∑
iϵΨ Ii +N0

)
=

∫ ∞

0

e−sN0e
λPGG

∫
R

(
e−sPtG

2
mAr−α

−1
)
dr

rc1

rc2

rc3

rcn

rcn+1

0 (n+1)

1

2

3n-1

n

Fig. 3. Graphical representation of the circular distribution of vehicular dis-
tances. The red arc, Rc, represents the case in which the critical transmission
range is shorter than the required distance to satisfy the SINR threshold. On
the other hand, the green arc, Rc, represents the case in which the required
distance is shorter than the critical transmission range.

×eλPGg

∫
R

(
e−sPtGmgsAr−α

−1
)
dr+λPgg

∫
R

(
e−sPtg

2
sAr−α

−1
)
drds.
(8)

Finally, the expected value of the inverse of interference and
noise is rewritten and presented as

E
(

1∑
iϵΨ Ii +N0

)
=

∫ ∞

0

e−sN0

∏
iϵψ

Fids, (9)

where the ψ set corresponds to {GG,Gg, gg} for antenna
gains and {PGG,PGg,Pgg} for their probabilities in

Fi = e

λPi

rf
E

1+ 1
α

(
sPtGiA

rα
f

)
α −1

−rn

E
1+ 1

α

(
sPtGiA

rαn

)
α −1




where E1+ 1
α

is the exponential integral and rf is chosen as
a high number, such as 10D, in order to take into account
the interference of vehicles outside the connectivity region,
D, whereas rn is chosen as 1m. Insertion of (9) into (6)
finalizes the critical transmission range.

B. Misalignment-based Connectivity

The beam misalignment of the transceiver pair can only
be caused by in-lane instantaneous lateral displacement of
the vehicles. It is assumed that the average lane-width
is 3.65m and the average car width is 1.7m. Since the
transceiver antennas are placed at the center-top of the vehi-
cles, the lateral displacement range of the antennas is modeled
as
[
−
(
3.65−1.7

2

) (
3.65−1.7

2

)]
, which approximately corre-

sponds to [−1 1]. Lateral displacement measurements of
[18] have a similar range as shown in Fig. 2. In addition,
[19] has measured the lateral distribution of vehicles on
UK highways, formed 23 bins. and modeled the probability
distribution as Gaussian with mean µ = 0 and standard
deviation γ = 0.32. In this set-up, the probability of the
vehicle’s center to be located at the position of −1 or 1 is
0.009. Since PPP is applied, the average distance between
two consecutive vehicles is λ−1. Thus, half of the width of the
transmitter beam’s alignment zone at the receiver’s location
is λ−1 tan

(
ϕ
2

)
due to the fact that the alignment zone of the

beam widens with distance, as is shown in Fig. 2. Therefore,
the probability of the receiver antenna to be located in the



alignment zone of the transmitter beam is given as,

Q =

∫ 1

−1

e
−y2

t
2γ2√
2πγ2

∫ yt+λ
−1 tan(ϕ

2 )

yt−λ−1 tan(ϕ
2 )

e
−y2

r
2γ2√
2πγ2

dyr

dyt . (10)

where yt and yr are the locations of the transmitter and
receiver, respectively and (10) can be simplified as

Q =
1

2

∫ 1

−1

e
−y2

t
2γ2√
2πγ2

(
erf

(yt + λ−1 tan
(
ϕ
2

)
γ
√
2

)
−

erf

(yt + λ−1 tan
(
ϕ
2

)
γ
√
2

))
dyt . (11)

It is geometrically straightforward to prove that if the receiver
is located in the alignment region of the transmitter, then the
transmitter is located in the alignment region of the receiver.

III. CONNECTIVITY ANALYSIS

The probability of entirely covering a unit circle with
finite arcs of equal length, where the arcs are uniformly and
independently distributed, has been studied thoroughly in the
literature [20] [21], also providing the distribution of the gaps,
i.e. any point that is not covered by arcs. Interestingly, the
resulting mathematical models can be used as a base for
V2V connectivity, in which the clockwise initial points of
any arc can be modeled as the locations of the transmitter
vehicles, and the length of the arcs can be modeled as
the critical transmission ranges. Moreover, the occurrence of
any gaps can be modeled as disconnected links. By adding
misalignment probabilities to the analytical model in order
to make it suitable for mmWave V2V networks, a two-
dimensional connectivity model is obtained. The arc-based
analytical conversion is carried out as follows. First, the
distance between two consecutive vehicles at any moment t
as shown in Fig. 1 is normalized by D and redistributed on a
circle as shown in Fig. 3. Then, the consecutive inter-vehicle
distance scaled by D for each vehicle, thus n + 1 links, is
given as,

rci (t)
△
=
rvi (t)

D
, i = 1, 2, ..., n+ 1. (12)

Similarly, the scaled SINR-based critical transmission range,
Rc, is obtained by using rc/D. The probability of the ith arc in
Fig. 3 to be longer than the scaled critical transmission range,
which causes disconnectivity regardless of the connection
state of other links, is represented as

Pn (i)
△
= P (rci (t) > Rc, i = 1, 2, ..., n+ 1|N (t) = n) . (13)

Since disconnectivity can occur due to failure to reach the
critical transmission range and due to beam misalignment, it
is necessary to examine them individually. The probability
that the ith link is solely disconnected by failure to reach the
critical transmission distance is given as [20]

Pd (i) = (1− iRc)
n for i ≤ ⌊R−1

c ⌋. (14)
The probability of misalignment-based disconnectivity be-
tween two consecutive vehicles in a network of n vehicles
is given as

Pm (i) = (1−Q)
i
Qn+1−i. (15)

By combining (14) and (15), the probability of the ith link to
be disconnected is given as,

Pn (i) =


∑i

j=0

(
i
j

)
(1−Q)j Qi−j(1− (i− j)Rc)

n,

if i− j ≤ ⌊R−1
c ⌋

0, if i− j > ⌊R−1
c ⌋

. (16)

The probability of exactly i disconnected links in the whole
network is modeled [21] as

P̂n (i) =

(
n+ 1

i

) n+1−i∑
j=0

(
n+ 1− i

j

)
(−1)

j Pn (i+ j) .

(17)
Finally, by changing the upper limit of the sum operators
[3], the probability of i disconnected links caused by failure
to reach the critical transmission range and/or caused by
misalignment is summarized as

P̂n (i) =


(
n+1
i

)∑⌊R−1
c ⌋−i

j=0

(
n+1−i
j

)
(−1)

j Pn (i+ j) ,

if i ≤ ⌊R−1
c ⌋

0, if i > ⌊R−1
c ⌋

.

(18)

IV. ANALYSIS AND DISCUSSION

In this section, we analytically analyze the connectivity
performance, validated by Monte Carlo simulations with
more than 106 iterations, by means of counting the number
of disconnected links in a network by changing parame-
ters such as vehicle density, frequency of in-lane commu-
nications/interference, SINR threshold and beamwidth. The
effect of beamwidth is investigated for 5 different values,
3◦, 6◦, 10◦, 20◦, 45◦ in order to sample from narrow to wide
beamwidth. The parameters of the analysis are set as follows:
gs = 0.1, Pt = 1W and N0 = −86.86 dBm for 500MHz.
The vehicle density per lane is gradually increased from Fig.
4 to Fig. 5 and Fig. 6. Accordingly, the number of links are
calculated by using λD + 1, which includes both RSU links.
Zero disconnected links means that the vehicular network is
end-to-end connected.

The σ, which is implemented in (3) in order to control
the main-to-main lobe interference probability, PGG, is used
accordingly to shape the probability of main-to-side and side-
to-side lobe interferences. A lower σ implies that a vehicle’s
beam is more likely to propagate in the same lane, which
results in more interference to vehicles in the lane. On the
other hand, a higher σ implies that the vehicle’s beam is
more likely to propagate out of the lane, which results in
less interference for those vehicles. In order to analyze two
cases, σ is set as 1 or 5, which simulates low- and high-
curvature roads, respectively. In the σ = 1 case, the main-
to-main lobe interference probabilities of 3◦, 6◦, 10◦, 20◦, 45◦

beamwidth scenarios, PGG(σ), are 0.43, 0.49, 0.5, 0.5 and
0.5, whereas in the σ = 5 case they are 0.12, 0.23, 0.34,
0.47, 0.5, respectively. Because of the assumption that beams
propagate towards the vehicles only from the front or the rear,
the maximum probability of main-to-main lobe interference
is set as 0.5. Also, since the road curvature and vehicle
density have a stronger effect for narrow beamwidths, a higher
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Fig. 4. Low vehicle density case with triangle markers and horizontal lines displaying the analytical and simulation results, respectively. Average inter-vehicle
distance is 200m and D = 1000m.
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(d) λ = 0.01, σ = 5, T = 10dB
Fig. 5. Medium vehicle density case with triangle markers and horizontal lines displaying the analytical and simulation results, respectively. Average inter-
vehicle distance is 100m and D = 1000m.
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Fig. 6. High vehicle density/Platooning case with triangle markers and horizontal lines displaying the analytical and simulation results, respectively. Average
inter-vehicle distance is approximately 15m with D = 500m.

variance is implemented for 3◦ and 6◦.

Fig. 4 illustrates the connectivity performance for 6 links in
a scenario in which the average distance between consecutive
vehicles is 200m, which results in a wide alignment zone that
covers most of the lateral displacement of the receiver vehicle.
It can be noticed that the probability is almost 0 to have 0, 4,
5 or 6 disconnected links, whereas there is a finite probability
to have 1, 2 or 3 disconnected links. When the SINR threshold
is increased to be 10 dB, the probability values change and
shift towards a higher number of disconnected links, which
is represented in Fig. 4b. It can be observed that such a shift
occurs for all cases in which the SINR threshold is increased.

Figs. 4a and 4b illustrate that the connectivity performance
has a low sensitivity to beamwidth regardless of the SINR
threshold. However, in Figs. 4c and 4d, the implementation of
higher σ results in less interference, thus narrowing the beams
clearly maximizes the connectivity. Interestingly, in Fig. 4c
the 3◦ beamwidth almost provides an entirely end-to-end
connected network as the probability for zero disconnected
links is almost 1. Furthermore, the difference in connectivity
performance for different beamwidths becomes more distinct
for higher SINR thresholds, as is shown in Fig. 4d. Also note

that the deteriorated connectivity performance in Figs. 4b and
4d in comparison to Figs. 4a and 4c is mostly caused by the
shorter critical transmission range due to the higher SINR
threshold; the beam misalignment probability is of minor
importance.

In general, increasing the number of vehicles on the road
increases the total interference for each vehicle, and subse-
quently causes a decrease in critical transmission range and
an increased number of disconnected links. Fig. 5 shows the
connectivity performance for medium vehicle density and, in
general, presents similar results as those in Fig. 4. However,
note that due to an increased number of vehicles the plots
in Fig. 5 have maximum disconnectivity probabilities for a
higher number of disconnected links in comparison to Fig.
4. In other words, introducing more hops into the network
increases the number of disconnected links and decreases their
absolute probabilities. Note that the narrowest beamwidth
provides the best connectivity in low/medium vehicle density
scenarios regardless of σ and T .

In Fig. 5c and 5d it can be noticed that decreasing the
beamwidth increases both the signal power and the interfer-
ence component in SINR. Interestingly, in low and medium



vehicle density cases, the results imply that most of the
disconnected links are caused by failure to reach the critical
transmission range rather than by misalignment. For instance,
in the set-up of Fig. 5c, the critical transmission range for
beamwidths of 3◦, 6◦, 10◦, 20◦ and 45◦ are approximately
430m, 230m, 150m, 110m and 99m, respectively. Thus,
under the conditions of this scenario, only the critical trans-
mission range of a 3◦ or 6◦ wide beam is substantially greater
than the average inter-vehicle distance, λ−1 = 100m.

Fig. 6 presents the results of the high vehicle density case,
which could be an implementation of platooning, and provides
different inferences compared to Figs. 4 and 5. For instance,
in Fig. 6a a 3◦ provides the worst connectivity, whereas a
20◦ beamwidth provides the best connectivity, with marginal
differences to 10◦ and 45◦, which illustrates the scope for
beamwidth optimization. This phenomenon is caused by the
closest consecutive vehicle being too close to enable transmit-
ter beam expansion, hence not all in-lane lateral displacements
of the receiver vehicles can be compensated for. Similarly, in
Fig. 6b the 6◦, 10◦, 20◦ and 45◦ beamwidth scenarios display
an almost identical connectivity performance, in contrast to
the worst performance of the 3◦ beamwidth.

The 6◦ beamwidth is the best performer in Fig. 6c. In
this scenario, the critical transmission ranges for 3◦, 6◦,
10◦, 20◦ and 45◦ are approximately 66m, 36m, 24m, 17m
and 16m, respectively, and the average consecutive vehicle
distance is 15m. Nevertheless, the misalignment probabilities
are 0.37, 0.075, 0.0043, 0.0018 and 0.0018, respectively.
This phenomenon implies that with increasing beamwidth the
cause of the disconnected links changes from misalignment
to failure in reaching the critical transmission range. Hence,
even though 3◦ provides a substantially greater critical trans-
mission range, its tendency to misalignment hence makes a 6◦

beamwidth a better choice. Also, note that in some cases there
is a trade-off between the number of disconnected links and
their probabilities. For instance, in Fig. 6d the 6◦ beamwidth
provides less disconnected links with a higher probability,
whereas the 3◦ beamwidth provides more disconnected links
with a lower probability.

V. CONCLUSIONS

In this work, the analytical connectivity analysis of
mmWave V2V networks was based on a parametric criti-
cal transmission range and a beam misalignment probability
caused by the lateral displacement of vehicles, and was
validated by Monte Carlo simulations. In addition to stochastic
geometry, geometric probability tools were used, that had
been developed to calculate the probability of covering all
gaps of a circle by uniformly and independently distributed
arcs. In order to maximize connectivity, we have shown
that there are different beamwidth regimes depending upon
road curvature and vehicle density. In general terms, on low-
curvature roads and for low/medium vehicle densities, the con-
nectivity performance is nearly independent of the beamwidth.
Moreover, for high vehicle density and low-curvature roads,
wide beamwidths outperform narrow beamwidths. For other

scenarios the best performance is obtained with narrowest
beams. And finally, we have also characterized the trade-
off between critical transmission range and misalignment
probability.
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