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Abstract—Terahertz (THz) transmission technologies show
great promise in enabling ultra-broadband short-range in the
next-generation communications. The incorporation of THz
transmission with Aerial Base Stations (ABS) networks offers
promising advantages, particularly in establishing favorable
ultra-broadband line-of-sight links. In this paper, we provide a
performance analysis for a finite THz ABS network serving a
given region. We model the spatial distribution of the ABSs as a
binomial point process within an overlapped finite circular area.
To derive the coverage probability, we consider a probabilistic
model that encompasses both line-of-sight and non-line-of-sight
propagation scenarios, and a user association policy based on the
strongest average received power. The association probabilities
and Laplace transform of the interference are also derived. The
derived coverage probability is validated through Monte Carlo
simulation. We further investigate the impacts of the ABS’s height
and the radius of the area on the coverage performance.

Index Terms—Aerial base station, Terahertz, Stochastic Ge-
ometry, binomial point process, coverage probability.

I. INTRODUCTION

Research and applications involving wireless communica-
tion with Aerial base stations (ABS) are on the rise, driven
by the mobility and cost-effectiveness they offer. Unlike tradi-
tional terrestrial base stations, the agility of ABSs introduces
various new approaches to enhance the coverage of wireless
networks. ABSs can be utilized as aerial communication
platforms to enhance terrestrial communications in the context
of 5G, commonly known as ABS-aided terrestrial communica-
tions [1]. ABSs can efficiently provide temporary connections
to devices that lack coverage. An appealing characteristic of
ABSs is their increased likelihood of establishing line-of-sight
(LoS) links with ground users, resulting in enhanced received
signal quality compared to non-line-of-sight (NLoS) links.

The applications of ABSs span a wide range, encompass-
ing search-and-rescue missions, firefighting, and surveillance.
Leveraging these capabilities, ABS networks are commonly
structured to transmit control commands and substantial data
packages (such as videos) to users [2]. Hence, the majority
of ABSs systems necessitate rapid responses and high data
rate links. In pursuit of this, the Terahertz (THz) band (0.1-10
THz), with its extensive bandwidth resources, emerges as an
ideal choice for the carrier frequency with the potential to
deliver unparalleled data rates for the networks of the next gen-
eration. Although THz signals may experience considerable
path loss, the likelihood of favorable signal propagation from
ABS THz base stations to users remains generally high. This
is owing to the ABSs’ capability to modify their coverage area
according to the users they need to serve and the surrounding

environment. Consequently, they can effectively minimize path
loss. Moreover, THz antennas can be quite compact hence
they are suitable for mounting on ABSs [3]. As such, the
extensive spectrum available in THz has the potential to
significantly enhance the capacity of ABS networks, meeting
the need for rapid responses. Furthermore, the data traffic
within ABS networks can be substantially increased, given
that THz communications excel in providing high throughput
for short-range transmissions.

Considerable research has been carried out on evaluating
the performance of ABS networks. For instance, in [4], ABSs’
positions are modeled as Poisson point processes (PPP). In [5],
the ABSs tier is modeled using the binomial point process
(BPP) with terrestrial base stations tier following the PPP.
The ABSs are modeled using the BPP and are equipped with
a cache in [6]. Research on THz ABS networks has been
limited. The work in [7] explored a THz ABS network and
focused on power allocation and trajectory optimization. In
[8], a 2D THz ABS network has been modeled, where the
coverage probability (CP) is analyzed. The authors in [9]
extend the work in [8] to the 3D model and focus on CP and
energy efficiency. Although the aforementioned research work
in [8], [9] studies the CP of ABSs-THz network, however,
they consider infinite PPP as spatial locations of ABSs. While
the PPP has emerged as a canonical model for the spatial
distribution of terrestrial base stations, it proves less fitting
for ABS networks, particularly evident when a relatively
small number of ABSs are deployed to cover a specific finite
region [5]. In such situations, realistic modeling of the spatial
distribution of ABSs is the BPP while also assuring the
tractability of mathematical analysis. Additionally, the BPP
captivates for the variableness in performance associated with
a particular user location [10].

Motivated by the above considerations, we are interested in
developing an analytical framework using stochastic geometry
to analyze the coverage performance of a THz ABS wireless
network within a finite area. Unlike the work in [8] and
[9], we model the location distribution of the ABSs using
the BPP model in a finite circular area in a 3D coordinate.
To the best of our knowledge, the coverage analysis of THz
ABS network in a finite area using BPP model has not been
studied previously in the literature. Furthermore, we use the
Nakagami-m fading to model the small-scale fading. Under
a detailed LoS and NLoS air-to-ground channel model, we
derive the coverage probability for the THz ABS network. We
consider a probabilistic LoS and NLoS propagation model, cell



associations, and the Laplace transform of interference power
in deriving the coverage probability. Our analytical expression
is validated through Monte Carlo simulations, confirming its
accuracy. The impact of different system parameters on the
coverage probability performance has been also investigated.

II. SYSTEM MODEL

We consider an ABS wireless network with THz transmis-
sion in a 3D coordinate system as shown in Fig.1. The network
consists of N ABSs hovering at the same altitude h 4 to serve
a number of terrestrial users which are randomly distributed on
a circular area R? with radius r.. The spatial distribution of the
ABS:s follows a uniform BPP that forms ¥ = {4;,i=1: N},
where A; represents an ABS and its location. To perform our
downlink performance analysis, we assume that a reference
user U is typically positioned at a distance dy from the origin.
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Fig. 1: System model
A. Channel Model

We consider the Air-to-Ground (A2G) channel model for
the link between an arbitrary ABS A, and the reference
user U, in which both a LoS link and an NLoS link are
considered. The LoS probability P; between A, and U is
a function of the elevation angle ¥ as in [11], where ¥ =
arcsm( ‘A). For a fixed ABS’s height, the LoS probability
is a function of z, then the LoS probability can be expressed
as Pp(z) = 1/(1 + ce~b@resin(ha/z)=¢)) ywhere b and ¢ are
environment-dependent parameters, x = \/ h ,42 + d12 is the
Euclidean distance from A, to U, and d; is the horizontal
distance between the projection of A, and U. Meanwhile,
the probability of a NLoS link between A, and U can be
written as Py (z) = 1 — Pr(z). THz communication is signif-
icantly affected by the loss of molecular absorption of water
molecules. Consequently, large-scale fading is represented by
a deterministic exponential power loss propagation model
[12]. We use the Nakagami-m fading to model the small-
scale fading with parameters my for LoS and my NLoS.
Thus, the channel fading in LoS and NLoS are Ay and hy
follow Gamma distribution with shape and scale parameters
(mp,1/myp) and (mpy,1/my) and the complementary cu-
mulative distribution function (CCDF) can be expressed as
F (x) = 3050 ! %%ﬂexp (—mex), where € € {L, N'}.

We consider a directional antenna model for all the nodes
in the system, as described in [13]

<
)= 1=
gy, O] > by

where y € {A,U} denotes either the ABS or the user U,
© € (—m,m) is the angle of the boresight direction, G, and
gy are the main lobe and side lobe beamforming gains, and
b, is the main lobe beamwidth. Both U and its associated

(D

ABS steer their directional antennas to enhance the gain
in directionality. Note that we only consider the main lobe
gains between U and its serving ABS A,. Therefore, the
received signal power by U from the LoS and NLoS links
can be expressed as (5 = PAGAGuhp Lz e Kz and
(N = PaGAGuhyLx—Ne KNz respectively. Where Py
is the transmitter power ABS, G4 and Gy are the main
lobe gain of the directional antenna at the ABS and user
U respectively, £L = (= f)2 is the frequency dependent
coefficient, where f is the operating frequency and c is the
speed of light, ag, and oy are the path loss exponents for LoS
and NLoS links, respectively, and K (f) is the total molecular
absorption coefficient.

When the reference user is associated with one ABS with
main lobe gain, the other ABSs may interfere with the asso-
ciated link. Note that the antennas of these interfering ABSs
may not be directly steered toward the reference user, who may
experience interference from either the directional antenna’s
main lobe or the side lobe. Thus, the directionality gain G,
between the U and an interferer is determined as a random
variable G, (a € {1,2,3,4}) which can take values from
{GuGa, Guga, guGa, guga}, and probability p, for each
case s {9292, S (1-94), (1-92) 94, (1-82)(1-92)}.

Then the aggregate interference at U from the ¢-th LoS and
NLoS interfering ABSs excluding the serving LoS ABS
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and the aggregate interference at U from the ¢-th LoS and
NLoS interfering ABSs excluding the serving NLoS ABS
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where A = PoGr 4, he, where ¢ € {L, N}.

B. User Association Policy

We consider an association strategy that links a user
to the ABS offering the highest averaged received sig-
nal power [14]. The association options for U are a
LoS ABS (LA) or a NLoS ABS (NA) depending on the
strongest received signal power. The serving ABS is given as
arg max{PaGaGuhrLd; e KDL P G sGrhnLdyN

e~ KN} where dy, = mm dLm and dN—leg AN o,
T, €V N

Va
are the distances of the nearest LA and NA respectively.

III. ASSOCIATION PROBABILITIES AND RELEVANT
DISTANCE DISTRIBUTIONS

A. Distance Distributions

Given that the ABSs are distributed according to a BPP in
a finite area R? with a radius of 7., the probability density
function (PDF) for the distance distribution (X;) between an
arbitrary A, and U is provided according to [15] as:
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where z,, =

\/(Tc —do)2+h4s% and =z, =

\/(rc+do)2+h,42. From the above, we notice that all

ABSs are at least at a distance hy from U. When the
reference user U associates with an ABS according to the
association policy, for each association, there will be a lower
bound of the distance between U and the interference ABSs.

Lemma 1. When the U associates with the LA located at r
with average received power (1, the distance that separates
the closest NA from U is denoted as Di(r). When the U
associates with the NA, the distance that separates the closest
LA from U is Do(r) and can be obtained as

oy (K(f) (;:;f)r)w)’ s
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Proof. The distance D;(r) which separates the closest NA
from U can be determined by solving the correspond-
ing signal power equations: PoGAGyLr— e K(Ur —
PAGAGuLD(r)” "Ne~ K()P1(r) | Where W/] is the Lam-
bert W function. A 51m11ar approach can be applied for the
distance Dy (r). O

B. Association Probability
Following the association policy in Section II, in the next
Lemma, we will derive the association probabilities.

Dl (T‘) =

Lemma 2. The probabilities that the U being served by either
LA or NA are represented by the LoS association probability
Apa and a NLoS association probability Ana respectively
and they are defined as follows

Apa =N quL ) fxi(r (/ Pr(x) fx; () da
ha
+/wu Py(z)fx,;(x) dx dr, )
Dy (r)
Ana =N : ’ Pr(r) fxi(r) (/ ) Py (2)fx,(z) dz
N-1
[ n@m@d) ®)
Do(r)

Proof. To derive A4, we first consider an arbitrary ABS
located at a distance r from U. The A4 association
happens when two events are simultaneously achieved. The
first event occurs when the ABS has a LoS link with LoS
probability Py, (r). The second event occurs when the average
signal power received from this ABS is larger than that
received from the remaining ABSs. Thus, the remaining
ABSs are either a LoS ABS further than r, or a NLoS
ABS located beyond D;(r). The probabilities of those are
[F* P(z) fx,(z) dz and fg:’(r) Py (z)fx,(x) dz. As the two
probabilities are mutually exclusive and the remaining ABSs
(N — 1) are i.i.d, then the probability of the second event is

-1
(S Pu@)fx (@) do+ [57 ) Py(@)fx, (@) dw) . Thus,
the probability of LA being the serving ABS can be obtained
by multiplying the above probabilities as they are independent

n) (S Pu@)fx, @) do+ 37, Py(@)fx, (@) deo

Then Ay 4 can be derived by integrating over hy < r < x,
as in (7). The derivation of the association Ay, in (8)
follows the same approach as LA thus omitted. O

C. Serving and Interference Distance Distributions

1) Conditional Serving Distance Distribution: To derive the
coverage probability, we need to derive the serving distance
distribution and the interference distance distribution for each
association condition. The cumulative distribution function
(CDF) of the serving distance R; between a LoS ABS and
the U is denoted by F(Ry)

P(R N7
Fr,(r) = (P(LLZ)T) == : Pr(2) fxi(2) [/ Pp(z)
- N-1
fx, (@) dx + / Py () fx,(x)dz dz, 9)
Dy (r)

where P(LA) is equal to Ay 4. Thus, the PDF of F'(Ry,) can
be obtained by taking the derivative

iy () =20) _ NP O3] ( | P
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The PDF of the serving distance Ry between a NLoS ABS
and the U can be obtained following a similar approach

Fron (r) = YN i) (/ Py (@) fx, (2) da

Ana
v [ Pl )
Da(r)

2) Conditional Interference Distance Distribution: The ref-
erence user may be interfered by other ABSs. Let Rg be
the serving distance between the U and the serving ABS
either LA or NA, Q@ € {LA,NA}. Then the interference
distance between U and an interfering ABS A; is denoted
as Wijora / Wi~ a under the condition that Ry = r and the
A, is a LA or NA. Then the PDF of W gy is obtained as in

Py (w)fx. (w
[5, Lemma 4], fw, ., (w[Rq =71) = i (i(Py)(::)zf(x-)(ﬂﬂ)dw’
Y k2

where Y is an interfering ABS and Y € f A, NA}.

(10)

Y

IV. COVERAGE PROBABILITY

We aim to analyze the coverage probability in the down-
link of the THz ABS system. The coverage probability Pc
is defined as the probability that the signal-to-noise-plus-
interference ratio (SINR) +y at the user exceeds a predetermined
threshold T, i.e. Po = P(y > T). When U is associated with
LA, the SINR can be expressed as vy = + N . When
U 1is associated with a NA, the SINR can be expressed as
YN = I;Vggiﬂvo’ where N represents the thermal noise power.
Since U can be associated with either LA or NA, Pc can be
obtained by P = ALAPC,L + -ANAPC,N' Where A 4 and
An 4 are the association probabilities, and P 1, and Pc n are
the corresponding conditional coverage probabilities.




Theorem 1. The conditional coverage probabilities that the
U is served by LA or NA are denoted as Pc 1, and Pc N, and
are given as below

= [R5 ()

ta  ¢g=0 u=0

au
exp (— sENo)a : 1z, (82) fr.(r)dr, (12)
where ¢ € {L,N}, s = T Z Taie = o Lig,, () is

the Laplace transform (LT) of the aggregate interference.
Proof.
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where (a) follows averaging over the independent random
variables 7 and I% . (b) according to the CCDF of hy,
(¢) from s;, = PAGAGUZL};LFKU)“ (d) from the LT
definition of the interference E[Ifgg} [exp( sLIaqq)] The
final expression in (12) is obtained by applying the expression
2 f@)g(x) = 31 (9 L% f(x) Z—g(x). The condi-
tional converge probability Pc n can be derived following a
similar approach, thus the detailed proof is omitted here. [

Lemma 3. The LT of the interference from A; when U is
associated with LA at a distance Ry, and when U is associated
with NA at a distance Ry can given by

4 Tu
LL:%A'(SL) = P£|LA Zpa/R fWilLL (w‘RL = 7”)
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Proof. Let L Iang(S 1) be the LT of the interference from A;
where U is associated with LA at a distance R;. Then the
interference can be either a LA located at a distance greater
than Rj, or an NA located at a distance greater than D, (Ry,).
The probabilities of these events are denoted as P£| 14 and

i
PN| 1,4 can be expressed as

fzu PL(x)fXY (l‘) dx

A (e Po@)fx, ) o+ J3 ) Pr(@) fx, () da)
(16)

i _ fz:(RL fX ( )

M (e Po@) £, ) dx+f oy Py (@), (0) da
(17)

=P aEp,, j(exp (=sLPr,))
+ PyipaEip, (exp (=5 Pry ),

then Ll,fég(sL)

(18)
where P, and Py, are the received power from the interfering
LA and NA given in section II. After averaging over G and
the small scale fading

Eip,, (exp (—=sLPr,))

Zpa/ fwy o (wRL =7)

P N
(1+ s PAG Lw™ e ) dw,

zpa N
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19)
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—an *K(f)w
14 s, PaG Lw e dw,
my

then the expression LIL (sz) in (14) can be obtained by
plugging in (19) and (20) in (18). A similar approach can be
followed to derive the LT of the interference Ly (sy). O

(20)

V. NUMERICAL RESULTS AND DISCUSSION

In this section, we evaluate the performance of the system
by presenting numerical results. We first validate the analytical
coverage probability using Monte Carlo simulation with 103
iterations, then we examine the impact of different system
parameters on the coverage performance. Assuming a dense
urban environment, the environmental parameters b = 0.136
and ¢ =11.95 [5], ap, =2, any =4, P4 =10 dBm, G4 =25
dBi, g4 =-10 dBi, Gy = 10 dBi, gy = -10 dBi, ©4 = 10°,
Oy = 33°, N, = 4x 1071 Watt, f = 1 THz, K(f) = 0.07512
m~L, mr=3 and my=I.

In Fig. 2, we compare the analytical coverage probability
with Monte Carlo simulation results under different ABS
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numbers [N. The analytical results are demonstrated to match
the simulation results and the coverage probability decreases
as the SINR threshold increases. In addition, the coverage
probability improves as the number of ABS N increases.
Furthermore, the coverage is higher in suburban environment
due to fewer obstacles and improved LoS as shown in the
dashed curves. In Fig. 3, we illustrate the impact of the ABS
altitude h 4 on the coverage probability across different ABS
numbers N. We can observe that at lower ABS altitudes, the
coverage probability is minimal but escalates swiftly as the
altitude increases. This phenomenon stems from the elevation
angle between the U and the ABS, which rises with increasing
ABS altitude, thereby enhancing the likelihood of establishing
a LoS connection. However, it is also revealed in the figure that
there exists an optimal ABS altitude for maximizing coverage
probability. Beyond this threshold, further altitude increments
do not yield additional benefits in coverage probability. This
is attributed to the fact that transmissions beyond this optimal
altitude predominantly form LoS links, and any extension in
transmission distance adversely affects signal quality. Fig. 4
shows the impact of the radius r. on the coverage proba-
bility. The depicted trend reveals that as the radius expands,
the coverage probability will monotonically decrease. While
deploying ABSs at higher altitudes mitigates the degradation
in coverage probability to some extent, the loss in performance
remains irreversible as the radius expands.
VI. CONCLUSION

In this paper, we have analyzed the coverage performance
of a THz ABS network. The spatial location of the ABSs
is modeled as a BPP model in a finite circular area. Based
on tools from stochastic geometry, we derived the coverage
probability with a consideration of the probabilistic LoS and
NLoS propagation models, cell associations, and the Laplace
transform of interference power distribution after character-
izing the distance distributions. We validated the precision
of the derived analytical expression via Monte Carlo simu-
lation and examined how key system parameters influence
the coverage probability performance. Simulation results show
that the height of the ABS, the radius of the area, and the
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Fig. 4: Po vs r. , T'= —10dB and d; = 0 m.
number of ABSs should be carefully selected to achieve better
performance. The THz-specific path loss model results in a
more decrease in signal strength with distance, necessitating
a denser ABS network for effective coverage. Additionally,
it identifies a different optimal altitude for ABS deployment
compared to non-THz networks.
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