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1. Introduction

Sixth-generation wireless network will incorporate localization

or sensing [1-20], terahertz-band signal [21-33], and various trans-

mission technologies [34-50], etc. UAVs have attracted a lot of

interest for a variety of potential applications. Several of the

most intriguing application fields are UAV-enabled connectivity

[51]. UAVs can serve as airborne base stations (BSs) to deliver

wireless transmission services.

IRS has evolved as a disruptive innovation, intending to con-

trol the propagation situation during wireless transmissions [52].

IRS is a medium that allows the modification of impinging trans-

mitted signals to enhance coverage to the cell edge. The IRS

concept is founded on the notion of controlling the environment

through the reflection of impinging received signals and the al-

teration of their phase shifts.

However, UAV-aided transmissions confront coverage and

connection challenges, particularly in urban areas [53]. Infras-

tructures, trees, vehicles, etc. may still obstruct UAV commu-

nication links to users in a coverage area.

To solve these issues, IRS-assisted UAV communications [54]

have recently been envisioned as a technique to avoid barriers

and improve connectivity in UAV systems. An obstructed trans-
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mission link can be repealed using the IRS by constructing sev-

eral LoS links, which considerably minimizes channel attenua-

tion.

The research aims to enhance or maximize the coverage prob-

ability of a conventional UAV-assisted communication deploying

IRS. The work compares the performance of an IRS-empowered

UAV-assisted communication model with a conventional UAV-

aided model considering 2 GHz and millimeter wave (mmWave)

carriers varying the network parameters.

2. Related Literature

The work included a review of prior literature relative to UAV-

assisted networks in this section.

Mahmoud et al. [55] investigated the deployment of IRS

in UAV-empowered wireless communications aiming to improve

the coverage of the Internet of Things (IoT) services. The work

measured and compared the ergodic capacity, symbol error rate

(SER), and outage probability in terms of conventional UAV-

aided communications and IRS-assisted UAV communications.

The results show that IRS enhances the SER, ergodic capacity,

and outage performance significantly. Liu et al. [56] analyzed

the downlink coverage performance of IRS-UAV-empowered non-

orthogonal multiple access (NOMA) communications network.
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The work aimed to efficiently allocate transmit power to UAVs

and users to satisfy a flexible and ubiquitous NOMA transmis-

sion. Solanki et al. [57] investigated the performance of an IRS-

assisted NOMA transmission system, where the transmission of

the base station (BS) is assisted by an IRS-assembled UAV. The

work analyzed the outage probability of the transmission sys-

tem. Wei et al. [58] performed sum rate maximization deploy-

ing IRS in UAV-assisted orthogonal frequency division multiple

access (OFDMA) transmission system. Results derived that the

employment of an IRS notably increases the sum-rate of UAV-

assisted communication systems. However, this research as well

exempted coverage probability analysis. Mozaffari et al. [59]

proposed and analyzed a framework for delay-aware cell asso-

ciation in UAV-assisted wireless networks. However, the work

exempted the deployment of the IRS.
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3. Measurement Model

In the case of a conventional UAV-assisted communication model

[59], a set of UAVs are deployed alongside ground base sta-

tions (macro and micro) to enhance the network services for

user devices (UD). This work considered an IRS-enhanced UAV-

assisted wireless network in which the micro base station is serv-

ing the users through an IRS embedded with a UAV for an en-

hanced coverage.

A. Conventional UAV-Assisted Network

In this case, the downlink received power by the users from

the serving UAV is measured as follows (Eq. 1) [59], [60],

P
D(Conv.)
r∈j =

PUAV
t∈j

K0d
2
iµ

(1)

where PUAV
t∈j is the downlink transmit power of the serving

UAV j . K0 =
(

4πfcd0
c

)2
. c is indicating the propagation ve-

locity of light in ms−1. fc is the frequency of the transmit-

ted signal in Hz. d0 is the reference free space separation dis-

tance between transmitter (UAV) and receiver (user) and d0=1

m. di =
√

(xUAV − xUD)2 + (yUAV − yUD)2 + (zUAV − zUD)2

denotes the separation distance between the serving UAV at

(xUAV , yUAV , zUAV ) and the ground user devices located at
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(xUD, yUD, zUD) coordinates. µ denotes the attenuation factor.

The reference works [59] and [60] considered the transmit

power of UAV, PUAV
t∈j = 0.5 and 1 W respectively, carrier fre-

quency, fc = 2 GHz, UAV’s altitude, zUAV = 200 m, and µ = 3

dB.

The downlink SINR can be calculated by the following equa-

tion (Eq. 2),

S
D(Conv.)
r∈j =

P
D(Conv.)
r∈j

∑

Pr∈i +N0

(2)

where
∑

Pr∈i is the total interference received by the user de-

vices. N0 = -90 dBm is the noise power.

B. IRS-Empowered UAV-Assisted Network

In the case of an IRS-UAV network, the downlink signal

power received by the user devices is calculated by the equation

below (Eq. 3) [61],

P
D(IRS)
r∈j =

dxdyλ
2M2N2GtGrGSct.cosθtcosθrA

2

(d1d2)264π3
P
BS−IRS
t∈j (3)

where P
BS−IRS
t∈j is the base station-to-IRS (attached with UAV)

transmit power. dx and dy = λ/2 represent IRS scattering ele-

ments length and width. The wavelength of the signal is λ. M

and N denote the numbers of transmitter-receiver elements in
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IRS. The scattering gain of IRS is GSct. =
dxdy4π

λ2 . Gt and Gr

are the transmitter-receiver gains. The transmitter (micro base

station-to-IRS) and receiver (IRS-to-UD) angles are θt and θr.

The amplitude of the reflection is denoted by A2.

d1 =
√

(xBS − xIRS)2 + (yBS − yIRS)2 + (zBS − zIRS)2

is the micro base station-to-IRS (attached with UAV) separation

where (xBS, yBS, zBS) and (xIRS, yIRS, zIRS) are the coordinates,

respectively.

d2 =
√

(xIRS − xUD)2 + (yIRS − yUD)2 + (zIRS − zUD)2

is the IRS-to-UD separation where (xIRS, yIRS, zIRS) and

(xUD, yUD, zUD) are the coordinates, respectively.

The downlink SINR in the case of an IRS-assisted UAV com-

munication network is obtained by the following equation (Eq.

4),

S
D(IRS)
r∈j =

P
D(IRS)
r∈j

∑

Pr∈i +N0
(4)

C. Probability of Coverage

The user devices are said to be within the coverage of a UAV

if the downlink SINR exceeds the selected threshold SINR.

Theorem: The probability of coverage [62] is denoted by

(Eq. 5),
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Pcov = 1−
∑

j∈K

λj

∫

R2

exp



−

(

SThr.
j

Pt∈j

)
2

α

‖qj‖
2

K
∑

i=1

λi

P
2

α

t∈i

)

× exp

(

−
SThr.
j

Pt∈j
‖qj‖

2

)

dqj

(5)

where λj denotes the density of the UAVs. S
Thr.
j is the SINR

threshold. Pt∈j is the transmit power of the serving UAV (conv.

model)/micro base station (IRS-UAV model). λi denotes the

density of the interfering base stations. Pt∈i indicates the trans-

mit power of the interfering base stations. σ2 is the noise vari-

ance. qj denote the transmitter-receiver separation. α is the

signal attenuation factor.

Proof: According to the definition of the probability of cov-

erage (Eq. 6),

Pcov = 1− E









⋃

j∈K

⋃

qj∈φj

SINR > S
Thr.
j







 (6)

where Eq. 6 is formulated considering the union bound and ex-

ploiting the Campbell Mecke Theorem [62] it can be represented

as (Eq. 7),

Pcov = 1−
∑

j∈K

λj

∫

R2

E

[

P

(

Pt∈j

‖qj‖α
> S

Thr.
j .Iqj

)]

dqj (7)
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where Iqj denotes the interference.

Solving for (Eq. 8),

∑

j∈K

λj

∫

R2

E

[

P

(

Pt∈j

‖qj‖α
> S

Thr.
j .Iqj

)]

dqj (8)

Since the propagation link is following Rayleigh fading-related

distribution the equation becomes (Eq. 9),

∑

j∈K

λj

∫

R2

LIqj

(

SThr.
j

Pt∈j

)

exp

(

SThr.
j σ2

Pt∈j‖qj‖−α

)

(9)

where LIqj
(.) represents the interference in a Laplace trans-

formed form. Since the tiers of the considered network are self-

sufficient or independent (Eq. 10),

LIqj
(s) = E

[

exp

(

−s
Pt∈j

‖qj‖α

)]

=
∏

j∈K

E





∏

qj∈φj

exp

(

−s
Pt∈j

‖qj‖α

)



 (10)

Since the propagation channels are following Rayleigh distri-

bution the formula of Eq. 10 becomes (Eq. 11),

=
∏

j∈K

E





∏

qj∈φj

LIqj

(

Pt∈j

‖qj‖α

)



 (11)

Applying the Poisson Point Process-aware Probability For-

mulating Function (Eq. 12),
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=
∏

j∈K

exp

(

−λj

∫

R2

(

1− LIqj

(

Pt∈j

‖qj‖α

))

dqj

)

=
∏

j∈K

exp



−λj

∫

R2



1−
1

(

1 + s
Pt∈j

‖qj ‖α

)



 dqj



 (12)

Deploying Euler’s Beta function and deriving the Polar co-

ordinates from the Cartesian coordinates (Eq. 13),

LIqj
(s) = exp

(

−s
2

α
qj

∑

j∈K

λjP
2

α

t∈j

)

(13)

Using Eq. (9) and (13) the coverage probability can be writ-

ten as follows (Eq. 14),

Pcov = 1−
∑

j∈K

λj

∫

R2

exp



−

(

S
Thr.
j

Pt∈j

)
2

α

‖qj‖
2

K
∑

i=1

λi

P
2

α

t∈i

)

× exp

(

−
S
Thr.
j

Pt∈j
‖qj‖

2

)

dqj

(14)

Corollary: The probability of coverage can be simplified as

(Eq. 15),

Pcov = 1− exp



−πS
D 2

α

r∈j

λjS
Thr.−2

α

j
∑

i
λi



 (15)

where SD
r∈j is the downlink SINR.

10



4. Numerical Results and Discus-

sions

This section contains the numerical results derived by the

equations stated in the previous section utilizing MATLAB. This

work considers that the micro base stations are serving/feeding

the IRS (passive reflector) attached to UAV with communica-

tion facilities to enhance the overall network coverage for users,

especially cell-edge users. The reference works [59] and [60] con-

sidered that the UAV serves to extend the coverage for the user

performing like a coverage extender (controlled by ground base

stations). Table 1 states the measurement parameters and val-

ues.

Fig. 1 (a), (b), (c), and (d) represent the comparative cov-

erage probability performance analysis for the conventional and

IRS-assisted UAV communication model in terms of varied mea-

surement parameters.

Fig. 2 (a), (b), (c), and (d) illustrate the coverage probabil-

ity measurements for the conventional UAV-assisted communi-

cation model for multiple mmWave carriers in terms of varied

measurement parameters.

Fig. 3 (a), (b), (c), (d), (e), and (f) visualize the cover-

age probability measurements for the IRS-enhanced UAV-aided
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Table 1: Measurement Parameters and Values

Parameters Values

Macro cell area 1000x1000m

Micro cell area 200x200m

Macro BS power 30 W

Micro BS power 8 W

Micro BS power (to IRS) 0.1, 0.2, 4 W

UAV transmit power

(Conv. Model)
6 W, 8 W

Macro BS height 20 m

Micro BS height 10 m

UAV altitude 50, 100, 200 m

Carrier frequencies 2, 30, 55, 80, 100 GHz

Tx-Rx elements 32, 64, 128, 256

Tx-Rx gain (IRS) 20 dB [63], 14 dB [64]

Transmit-receive angles 45◦

Density of IRS 1000/(π(100)2) per m2

Density of Micro BS 1000/(π(100)2) per m2

Density of Macro BS
(1000/(π(100)2))/5 per

m2

Amplitude of reflection 0.9

Attenuation exponent 2
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(a)
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(b)

14



(c)
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(d)

Figure 1: (a) Comparison of the coverage probabilities (transmit

power 0.5 W, 1 W, 0.1 W, transmitter-receiver/IRS elements =

32, UAV altitude = 200 m), (b) Comparison of the coverage

probabilities (transmit power 0.5 W, 1 W, 0.2 W, IRS elements

= 32, UAV altitude = 200 m), (c) Comparison of the coverage

probability (transmit power 0.5 W, 1 W, 0.2 W, IRS elements

= 32, UAV altitude = 100 m), (d) Comparison of the coverage

probability (transmit power 0.5 W, 1 W, 0.1 W, IRS elements

= 64, UAV altitude = 200 m).
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(a)
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(b)

18



(c)

19



(d)

Figure 2: (a) Coverage probability for conventional UAV model

(6 W, UAV altitude = 100 m), (b) Coverage probability for

conventional UAV model (8 W, UAV altitude = 100 m), (c)

Coverage probability for conventional UAV model (6 W, UAV

altitude = 50 m), (d) Coverage probability for conventional UAV

model (8 W, UAV altitude = 50 m).
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communication model for multiple mmWave carriers in terms of

varied measurement parameters.

(a)

According to the observation of Fig. 1 (a) containing the

comparative analysis among references [59] and [60] and this

work, the research derived that the IRS-empowered UAV-aided

communication performs better with a reduced transmit power

(0.1 W) compared to the conventional UAV model. The IRS-

UAV model can tolerate up to 9 dB of the SINR threshold for

a coverage probability of 0.55-0.6 (denoting a median or mod-

erately favorable coverage). On the contrary, in the case of the

21



(b)
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(c)
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(d)

Figure 3: (a) Coverage probability for IRS-UAV model (4 W,

IRS elements = 128, UAV altitude = 100 m), (b) Coverage prob-

ability for IRS-UAV model (4 W, IRS elements = 128, UAV al-

titude = 50 m), (c) Coverage probability for IRS-UAV model (4

W, IRS elements = 256, UAV altitude = 100 m), (d) Coverage

probability for IRS-UAV model (4 W, IRS elements = 256, UAV

altitude = 50 m).
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conventional UAV model presented in the reference works [59]

and [60], respectively, 1 and 4 dB of the SINR threshold is tol-

erable in terms of the considered moderate or median level of

coverage probability of 0.55-0.6. According to the realization of

Fig. 1 (b) in the case of the IRS-UAV model if the transmit

power is increased (from 0.1 W to 0.2 W) the transmission can

tolerate a bit high SINR threshold i.e., up to 12 dB. From the

observation of Fig. 1 (c), it is comprehensible that, if the alti-

tude of the UAV is reduced (from 200 m to 100 m) the SINR

performance improves a bit. In this case, the tolerable SINR

thresholds are 6 [59], 9 [60], and 20 dB (this work). As per the

realization of Fig. 1 (d), in the case of an IRS-UAV model with

a transmit power of 0.1 W or 100 mW and a 200 m of UAV

altitude increasing the number of elements of IRS (from 32 to

64) can enhance the tolerable SINR threshold up to 21 dB.

Since the work performed further measurements considering

mmWave carriers it considered a reduced altitude of UAV with

an increased power compared to the reference works [59] and

[60]. Observing Fig. 2 (a) it is comprehensible that, with 6 W

of transmit power and 100 m altitude of the UAV the perfor-

mance of the conventional UAV is not satisfactory. In this case,

the considered mmWave carriers require a very lower level of

SINR threshold (-10 to 0 dB) to obtain a coverage probability
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of 0.55-0.6 which is not feasible in a wireless communication sys-

tem. The performance is not satisfactory even with an increased

transmit power of UAV, i.e., 8 W when UAV altitude is the same

as previous according to Fig. 2 (b). According to the observa-

tion of Fig. 2 (c), with a reduced altitude of UAV, i.e., 50 m and

6 W of transmit power 30 GHz mmWave band can tolerate up

to 2 dB of SINR threshold. However, the SINR performances of

other carriers are still below the satisfactory level (-8 to -3 dB

SINR threshold is required for 55, 80, and 100 GHz carriers for

coverage probability of 0.55-0.6). Analyzing Fig. 2 (d) it is real-

izable that, with an increased transmit power of the UAV, i.e., 8

W and 50 m altitude the performance of the 30 GHz carrier im-

proves a bit (up to 4 dB SINR threshold is tolerable). However,

in this case, as well the performances of higher level mmWave

carriers, e.g., 50, 80, and 100 GHz cannot be considered sat-

isfactory (-7 to -2 dB SINR threshold is required for coverage

probability of 0.55-0.6). Since the evolving 6G networks have

to feature significantly higher data rates, extremely low latency,

and significant reliability this kind of SINR performance of the

mmWave carriers is not favorable to ensure efficient coverage to

the 6G high-end user devices.

As per the interpretation of Fig. 3 (a) it is realizable that,

according to the measurement parameters (4 W, IRS elements =
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128, UAV altitude = 100 m) 30 GHz mmWave band exhibits bet-

ter SINR performance (can tolerate up to 8 dB of SINR thresh-

old for a coverage probability of 0.55-0.6). However, the SINR

performances of other carriers are still below the satisfactory

level (-12 to -2 dB SINR threshold is required for 55, 80, and

100 GHz carriers for a coverage probability of 0.55-0.6). Reduc-

tion of the UAV altitude (50 m) enhances the performance a bit

namely 30 GHz can tolerate up to 14 dB of SINR threshold, 55

GHz can tolerate up to 3 dB of SINR threshold, and the perfor-

mance of 80 and 100 GHz carriers still below satisfactory level

according to Fig. 3 (b). With a transmit power of 4 W, 256

transmitter-receiver elements of IRS, and 100 m of altitude of

UAV 30, 55, 80, and 100 GHz carriers can tolerate up to 20,

10, 3, and 0 dB of SINR thresholds, respectively, in terms of

coverage probability of 0.55-0.6 by the observation of Fig. 3 (c).

Analyzing Fig. 3 (d) it is comprehensible that, with a transmit

power of 4 W, 256 transmitter-receiver elements of IRS, and 50

m of altitude of UAV 30, 55, 80, and 100 GHz carriers can tol-

erate up to 26, 15, 9, and 5 dB of SINR thresholds, respectively,

in terms of coverage probability of 0.55-0.6.

5. Conclusion

The research aimed to enhance the SINR coverage performance
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of a UAV-assisted wireless communication system deploying IRS.

The work described several prior works to reflect the current re-

search directions relative to this research issue. It formed a mea-

surement model including the equations relative to the targeted

measurement in the context of both conventional and IRS-UAV

communication models. Afterward, the research analyzed and

compared both of the models utilizing computer-aided measure-

ment with MATLAB. The work derives that the deployment of

IRS significantly enhances the performance of a UAV-assisted

wireless network with a notable minimization of energy con-

sumption.
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