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Abstract—Reconfigurable intelligent surface (RIS) has
emerged as a key enabler to boost the performance in the
upcoming wireless networks in a spectral/cost/energy-efficient
manner. In contrast to terrestrial RISs coated on facades of
buildings, aerial RISs benefit from flexible mobility and full-angle
reflection by mounting the RISs on aerial platforms such as
unmanned aerial vehicles (UAVs). However, the aerial platforms
are sensitive to inevitable fluctuation, causing performance
variations. In this letter, we develop a novel channel model for
UAV-mounted RIS auxiliary millimeter wave (mmWave) mobile
systems in the presence of UAV attitude fluctuation. Based on
the proposed channel model, the closed-form expression for the
signal-to-noise ratio (SNR) in terms of UAV attitude fluctuation
is derived. The impact of fluctuation on the array receiving
aperture and the maximum SNR is investigated. The filtering
effect on maximum SNR brought by fluctuation is revealed,
arising for the requirement of UAV attitude detection. Numerical
results are provided to verify the accuracy of our derived results.

Index Terms—Aerial RIS, mmWave mobile communications,
performance analysis, UAV fluctuation.

I. INTRODUCTION

M ILLIMETER wave (mmWave) wireless communi-
cations with adaptive directional beamforming are

considered promising to support high data rate and low latency
services for future mobile networks such as vehicular com-
munications by leveraging the abundant bandwidth as well as
directional transmission [1]. However, the terrestrial mmWave
vehicular networks are vulnerable to blockage, causing severe
performance deterioration.

For the purpose of contributing favourable propagation envi-
ronments for transmission, reconfigurable intelligent surface
(RIS) has been witnessed a spectral/cost/energy-efficient solu-
tion [2]. Different from terrestrial RISs with limited coverage,
mounting RISs on aerial platforms such as unmanned aerial
vehicles (UAVs), which is referred to as aerial RISs, can
provide on-demand dynamic deployment and panoramic full-
angle coverage [3]. Compared with the mmWave full-duplex
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Fig. 1. Illustration of the proposed aerial RIS assisted mmWave mobile
communications with UAV fluctuation.

UAV relay, aerial RIS brings no noise and is cost- and
energy-efficient due to the lack of radio frequency chains as
well as signal processing capability. Specifically, the authors
in [4] considered the application of aerial RIS for jamming
mitigation in secure communications by jointly optimizing the
aerial RIS deployment and reflection phase. The authors in [5]
proposed to deploy UAV-mounted RIS to provide wireless
services for maritime users in the easy-blocking offshore
areas. The weighted sum rate maximization of a multi-UAV-
carried RISs assisted system was considered in [6], which
was verified to be superior to the terrestrial counterpart via
simulations. In [7], the throughput of a massive multiple-input
multiple-output (MIMO) network that explores the advantages
of UAV and RIS was investigated, where the results showed
that the proposed scheme achieves high throughput with low
complexity.

The aerial platforms are generally sensitive to inevitable
fluctuations, resulting in navigation and attitude variations and
therefore performance variations [8]. This, however, has not
been revealed in the existing literature on aerial RIS-assisted
communications. To this end, we propose a novel channel
model for aerial RIS auxiliary mmWave mobile communica-
tions taking the UAV attitude fluctuation into account. Based
on the proposed model, we derive the closed-form expression
for the mapping relationship between the signal-to-noise ratio
(SNR) and the attitude fluctuation. The impact of fluctuation
on the aerial RIS receiving aperture, which contributes to the
squared-power gain of the aerial RIS [9], is also investigated.
We reveal the filtering effect on the maximum SNR brought by
fluctuation and investigate the impacts of different fluctuation
models on the system performance.

Notation: Throughout this letter, non-boldface, boldface
lowercase, and boldface uppercase letters denote scalar, vector,
and matrix, respectively; | · |, (·)T, and 〈·, ·〉 stand for absolute
value, transpose, and vector dot product, respectively; E(·) and
‖ · ‖ take the expectation and �2-norm, respectively.
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TABLE I
SUMMARY OF KEY PARAMETER DEFINITIONS

II. SYSTEM MODEL

As illustrated in Fig. 1, let us consider a MIMO mmWave
mobile communication system with blocked LoS path between
the ground transceivers, where an UAV-mounted RIS is
deployed to assist the signal transmission by establishing a
virtual LoS link between the ground mobile transceivers. The
definition of the key model parameters are summarized in
Table I. The ground mobile transmitter (MT) is in motion
with velocity vector vT = vT [ cos γT , sin γT , 0]

T and
is equipped with an omnidirectional uniform linear array
(ULA). The distance vector from the center of the MT
ULA to the p-th (p = 1, 2, . . . ,MT ) antenna is denoted by
dp = MT−2p+1

2 δT [ cosφT cosψT , cosφT sinψT , sinφT ]T.
Similarly, at the ground mobile receiver (MR), we
have vR = vR[ cos γR, sin γR, 0]

T and dq =
MR−2q+1

2 δR[ cosφR cosψR, cosφR sinψR, sinφR]
T.

The aerial RIS, with velocity vector vA =
vA[ cos ηA cos γA, cos ηA sin γA, sin ηA]

T, is fabricated with
MN reflecting units in a uniform planar array (UPA) structure.
Following the global coordinate system (GCS) definition
in [10], the locations of the central points of the MT ULA,
aerial RIS, and MR ULA at time instant t = 0, i.e., time
instant at which we begin to observe the channel, are
represented as pMT(0) = (0, 0, 0)T, pRIS(0) = (xA, yA, zA)

T,
and pMR(0) = (ξR, 0, 0)

T, respectively. After a time interval
of t, their locations turn to be pMT(t) = pMT(0) + vT t ,
pRIS(t) = pRIS(0) + vAt , and pMR(t) = pMR(0) + vRt ,
respectively.

In the proposed aerial RIS auxiliary mmWave mobile
communication system, let s be the transmitted symbol with
power E{ss∗} = PT , n(t) denote the zero-mean complex
Gaussian noise with variance σ2, and HTR(t , f ) ∈ C

MR×MT

be the frequency domain channel matrix between the mobile
transceivers, respectively. Then, the corresponding received
signal model could be described by [2]

y(t) = fT
MR(t)HTR(t , f ) fMT(t)s + n(t), (1)

where fMR(t) ∈ C
MR×1 and fMT(t) ∈ C

MT×1 rep-
resent the MR combining and MT beamforming vectors,
respectively. In the following, we firstly present the UAV
attitude fluctuation model adopted in this letter, and then derive
the complex channel matrix HTR(t , f ) in the presence of UAV
fluctuation.

A. UAV Attitude Fluctuation Modeling

In the local coordinate system (LCS) x′-y′-z′ on the aerial
RIS plane, as defined in Fig. 2 (a), the unit vector along the
negative direction of the z′-axis, also named the unit normal

Fig. 2. Definition of aerial RIS fluctuation angles. The axes in x1-y1-z1
are parallel to those in x-y-z of Fig. 1, the x′-y′-z′ is defined on aerial RIS
plane.

vector of the aerial RIS, is expressed as

e loc⊥ = [0 0 −1]T, (2)

and the unit vector along the positive direction of the
x′-axis, i.e., the unit direction vector of the aerial RIS, is
expressed as

e loc‖ = [1 0 0]T. (3)

Moreover, the distance vector from the center of the aerial RIS
to the (m, n)-th (m = 1, 2, . . . , M; n = 1, 2, . . . , N) aerial
RIS unit in the LCS x′-y′-z′ is expressed as

dlocmn = [kmdc −kndr 0]T

=
[
2m−M−1

2 dc −2n−N−1
2 dr 0

]T
. (4)

In this letter, we aim at establishing a mapping relationship
between the amount of attitude fluctuation and the system
performance, and hence adopt the Euler angles representation
of the attitude fluctuation angles as described in [8]. Then,
the transformation from the LCS x1-y1-z1 to the LCS x′-y′-z′
can be uniquely characterized by three successive fluctuations,
i.e., yawing, pitching, and rolling, whose sequence cannot
be changed due to the specific significance of the Euler
angles [11]. As shown in Figs. 2 (b)-(d), we use θf to
denote the yaw angle of the aerial RIS resulting from a
fluctuation of θf around the z1-axis, use εf to denote the
pitch angle of the aerial RIS resulting from a fluctuation
of εf around the y2-axis, and use ωf to denote the roll
angle of the aerial RIS resulting from a fluctuation of ωf
around the x3-axis, respectively. In this case, the LCS x′-y′-z′
can be obtained by firstly translating the GCS x-y-z from
point (0, 0, 0) to point (xA, yA, zA), and then fluctuating it
by yaw angle θf , pitch angle εf , and roll angle ωf in the
aforementioned three directions, successively. Consequently,
the transformation of the representation of arbitrary vector
from the LCS x′-y′-z′ to the GCS x-y-z or vice versa could
be realized by multiplying the corresponding rotation matrix.
Specifically, the representation of the unit normal vector
eloc⊥ in the GCS x-y-z, denoted by e⊥, could be expressed
as [8]

e⊥ = Ryaw
(
θf
)
Rpitch

(
εf
)
Rroll

(
ωf

)
e loc⊥

=

⎡

⎣
cos θf − sin θf 0
sin θf cos θf 0
0 0 1

⎤

⎦×
⎡

⎣
cos εf 0 sin εf
0 1 0

− sin εf 0 cos εf

⎤

⎦

×
⎡

⎣
1 0 0
0 cosωf − sinωf
0 sinωf cosωf

⎤

⎦×
[
0
0
−1

]

=

⎡

⎣
− cos θf sin εf cosωf − sin θf sinωf
− sin θf sin εf cosωf + cos θf sinωf

− cos εf cosωf

⎤

⎦, (5)
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where Ryaw(θf ), Rpitch(εf ), and Rroll(ωf ) are the rotation
matrices corresponding to the yaw, pitch, and roll fluctuations
of the aerial RIS, respectively.

Similarly, the representation of the unit direction vector eloc‖
in the GCS x-y-z, that is, e‖, could be obtained by

e‖ = Ryaw
(
θf
)
Rpitch

(
εf
)
Rroll

(
ωf

)
e loc
‖ =

⎡

⎣
cos θf cos εf
sin θf cos εf
− sin εf

⎤

⎦, (6)

and the representation of the distance vector dlocmn in the GCS
x-y-z, denoted by dmn , is expressed in (7), as shown at the
bottom of the page. The results through (5)–(7) show that
the aerial RIS attitude fluctuation will cause the variations of
the model parameters, imposing non-negligible effect on the
channel response and therefore on the system performance.

B. Channel Response of the Proposed Channel Model

The frequency domain channel matrix is interpreted as
HTR(t , f ) = [hpq (t , f ) ]MR×MT

, where hpq (t , f ) denotes
the channel coefficient between the p-th (p = 1, 2, . . . ,MT )
transmit antenna and the q-th (q = 1, 2, . . . ,MR) receive
antenna. Since the aerial RIS is in the air with considerable
altitude, we assume that the LoS link dominates the mmWave
directional propagation between the aerial RIS and the ground
transceivers [12]. Then, the hpq (t , f ) can be expressed as

hpq(t , f ) =

√
ΩRIS(t)

Υpq(t)

M∑

m=1

N∑

n=1

χmn(t)e
jϕmn (t)

× e−j 2π
λ

(
ξ
p
mn (t)+ξ

q
mn (t)

)
× ej2πf τRIS(t)

× ej
2π
λ 〈(vT−vA)t, eRIS

T (t)〉ej
2π
λ 〈(vR−vA)t, eRIS

R (t)〉,
(8)

where λ is the wavelength, Υpq (t) is the normalized factor,
ΩRIS(t) stands for the path power gain including the path loss,
ξ
p
mn (t) = ‖pRIS(t) − pMT(t) + dmn − dp‖ and ξ

q
mn (t) =

‖pRIS(t) − pMR(t) + dmn − dq‖ are the signal traveling
distances from the p-th transmit antenna and the q-th receive
antenna to the (m, n)-th aerial RIS unit, respectively. The
τRIS(t) = (ξRIS

T (t) + ξRIS
R (t))/c is the path delay from

the MT to the MR via the aerial RIS, eRIS
T (t) and eRIS

R (t)
represent the unit directional vectors from the MT and the MR
to the aerial RIS, respectively, which are expressed as [3]

eRIS
T/R(t) =

⎡

⎢
⎣

cosβRIS
T/R(t) cosα

RIS
T/R(t)

cosβRIS
T/R(t) sinα

RIS
T/R(t)

sinβRIS
T/R(t)

⎤

⎥
⎦. (9)

To gain more insightful results, we adopt the following
approximations for ξpmn (t) based on the Taylor series expan-
sion in the far-field case [8]

ξpmn (t) ≈ ‖pRIS(t)− pMT(t)‖+ (dmn − dp)
T pRIS(t)− pMT(t)

‖pRIS(t)− pMT(t)‖
= ξRIS

T (t) + (dmn − dp)
TeRIS

T (t), (10)

1

ξpmn (t)
≈ 1

‖pRIS − pMT(t)‖
=

1

ξRIS
T (t)

, (11)

where eRIS
T (t) =

pRIS(t)−pMT(t)
‖pRIS(t)−pMT(t)‖ . Similarly, for ξqmn (t), we

have

ξqmn (t) ≈ ξRIS
R (t) +

(
dmn − dq

)T
eRIS
R (t), (12)

1

ξqmn (t)
≈ 1

ξRIS
R (t)

. (13)

With the approximations through (10)–(13), Υpq (t) is
approximated by

Υpq(t) ≈ E

{∣∣
∣

M∑

m=1

N∑

n=1

χmn(t)

× ej
(
ϕmn (t)− 2π

λ

(
dT
mne

RIS
T (t)+dT

mne
RIS
R (t)

))∣
∣
∣
2}
, (14)

and subsequently the ΩRIS(t) can be approximated by [2]

ΩRIS(t) ≈
λ2dcdr cosβ

RIS
in (t)

(4π)3
(
ξRIS
T (t)ξRIS

R (t)
)2 ×Υpq (t), (15)

where βRIS
in (t) is the normal incident angle of the signals from

the MT to the aerial RIS, and it can be represented as [13]

cosβRIS
in (t) =

eT
⊥
(− eRIS

T (t)
)

‖e⊥‖‖ − eRIS
T (t)‖

= sin εf cosωf cosβ
RIS
T (t) cos

(
αRIS
T (t)− θf

)

− sinωf cosβ
RIS
T (t) sin

(
αRIS
T (t)− θf

)

+ cos εf cosωf sinβ
RIS
T (t). (16)

It shows that the attitude fluctuation of the aerial RIS will
affect the aerial RIS receiving aperture through affecting the
normal incident angle βRIS

in (t), and hence affects the channel
gain as well as the system performance.

Note that the derivations of other model parameters includ-
ing {ξRIS

T (t), ξRIS
R (t), αRIS

T (t), βRIS
T (t), αRIS

R (t), βRIS
R (t)}

follow the similar procedure discussed in [2], [13] by exploit-
ing the geometric relationship among MT, aerial RIS, and
MR, as well as the moving speeds/directions/times of the
terminals and will not be presented in this letter due to the
space limitation

III. PERFORMANCE ANALYSIS WITH UAV FLUCTUATION

The signal-to-noise ratio (SNR) of the proposed aerial
RIS auxiliary communication system in the presence of UAV
fluctuation can be written as

η(t) =
PT |fT

MR(t)HTR(t , f ) fMT(t)|2
σ2

. (17)

We assume that the channel state information (CSI)
is available, then the maximal-ratio combining strat-

egy [14], i.e., fMT(t) = 1√
MT

[e−j 2π
λ

dT
p=1eRIS

T (t), . . . ,

e
−j 2π

λ
dT
p=MT

eRIS
T (t)

]T and fMR(t) =
1√
MR

[e−j 2π
λ

dT
q=1eRIS

R (t),

dmn = Ryaw
(
θf
)
Rpitch

(
εf
)
Rroll

(
ωf

)
dlocmn =

⎡

⎣
cos θf cos εf kmdc −

(
cos θf sin εf sinωf − sin θf cosωf

)
kndr

sin θf cos εf kmdc −
(
sin θf sin εf sinωf + cos θf cosωf

)
kndr

− sin εf kmdc − cos εf sinωf kndr

⎤

⎦. (7)
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. . . , e
−j 2π

λ
dT
q=MR

eRIS
R (t)

]T, gives the following maximum SNR

η(t) =
MTMRPTΩRIS(t)

σ2
. (18)

We further assume that the aerial RIS reflection coefficient
can be programmed on demand without loss. The fluctuation
of the UAV, however, is unavailable to the RIS controller.
Consequently, the RIS controller configures the reflection coef-
ficient considering no fluctuation exist, yielding the following
reflection phase under the optimal phase configuration [13]

ϕoptmn (t) =
2π

λ

((
dlocmn

)T
eRIS
T (t) +

(
dlocmn

)T
eRIS
R (t)

)
. (19)

Then, we have Theorem 1 for the maximum SNR of the
proposed aerial RIS auxiliary system with UAV fluctuation.

Theorem 1: In aerial RIS auxiliary mobile communications,
the maximum SNR with the optimal RIS reflection phase con-
figuration in the presence of UAV fluctuation is represented as

ηopt(t) = MTMR
PT

σ2
× λ2dcdr cosβ

RIS
in (t)

(4π)3
(
ξRIS
T (t)ξRIS

R (t)
)2

× sin2
(
π
λMdcA1(t)

)

sin2
(
π
λdcA1(t)

) × sin2
(
π
λNdrA2(t)

)

sin2
(
π
λdrA2(t)

) , (20)

where A1(t) and A2(t) are functions of the UAV fluctuation
angles, and their expressions are given in the Appendix.

Proof: See the Appendix for details.
Theorem 1 shows that the UAV fluctuation affects the maxi-

mum SNR through two aspects, one is the aerial RIS receiving
aperture (reflected by βRIS

in (t)) and the other is the aerial
RIS passive beamforming loss (reflected by the second line
in (20)). They constitute the squared-power gain of the aerial
RIS [9]. Specifically, the maximum SNR with UAV fluctuation
can be regarded as the filtered result of its no-fluctuation coun-
terpart by sinc function. The declining trend of the filtering
effect is controlled by carrier frequency, aerial RIS unit size
and number, signal departure and arrival angles, and UAV
fluctuation angles. Moreover, when no fluctuation exists, the
maximum SNR can be expressed as ηopt(t) = MTMR

PT
σ2 ×

M 2N 2λ2dcdr cosβ
RIS
in (t)/[(4π)3(ξRIS

T (t)ξRIS
R (t))2]. If the

attitude fluctuation angles could be accurately detected, the
passive beamforming loss brought by fluctuation can be
compensated by the aerial RIS phase controller, yielding the
same SNR expression as the no-fluctuation case. In this case,
the filtering effect can be eliminated and the fluctuation affects
the maximum SNR via the receiving aperture only.

IV. RESULTS AND DISCUSSIONS

The parameter settings for the ULAs at the MT and the
MR follow those in [15]. Moreover, we set fc = 28 GHz,
PT = 20 dBm, σ2 = −80 dBm, ξR = 100 m, pRIS(0)
= (40, 20, 70)T, Mdc = Ndr = 0.6 m, and dc = dr =
λ/4, respectively. The Rayleigh distance of the aerial RIS is
smaller than the aerial RIS-terminal distance, thus the far-field
assumption holds.

We illustrate the impact of UAV fluctuation on the aerial
RIS receiving aperture in Fig. 3. The receiving aperture of
the aerial RIS is measured by MNdcdr cosβ

RIS
in (t), which is

affected only by the normal incident angle βRIS
in (t) for fixed-

dimension array. Compared with no fluctuation case in [4],
Fig. 3 indicates that different fluctuations of the UAV have
different impact on the array receiving aperture. Specifically,
fluctuation in the yaw direction only has no effect on the

Fig. 3. Impact of UAV fluctuation on the aerial RIS receiving aperture.

Fig. 4. Impact of UAV fluctuation on the maximum SNR in (20).

Fig. 5. Impact of different fluctuation models on the maximum SNR.

normal incident angle and therefore no effect on the receiving
aperture. Fluctuation in the pitch and roll directions, on the
other hand, have a significant but opposite effect on the normal
incident angle. Fig. 3 also implies that with a pitch and/or roll
fluctuation, even small angles, the receiving aperture becomes
affectable but with slow changing rate by the yaw fluctuation.

To explore the theoretical performance gain [9],
Fig. 4 shows the maximum SNR of the proposed system
versus the UAV attitude fluctuation angles under the optimal
reflection phase configuration, where θf = εf = ωf = 0
if not specified. The results show that the fluctuation from
all directions will deteriorate the SNR significantly. The
SNR declines to an unusable level rapidly with small
fluctuation angle, which implies that the UAV fluctuation
will result in a filtering effect on the SNR as compared to
no fluctuation case in [7]. Fig. 4 also shows that two- or
three-dimensional fluctuation will shift and scale the SNR
curves, thus having more severe effect on the performance as
compared to the one-dimensional fluctuation case. When the
MT, the aerial RIS, and the MR move to locations (30 m,
10 m, 0), (50 m, 30 m, 70 m), and (130 m, 10 m, 0) at
t = 2 s, respectively, the aerial RIS receiving aperture is
larger due to smaller βRIS

in (t), but the SNR is deteriorated
due to more severe passive beamforming loss. If the UAV
attitude fluctuation could be well detected (the curves labeled
“known”) [11], [12], however, Fig. 4 reveals that the filtering
effect brought by the fluctuation can be eliminated, indicating
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that the SNR retains at a favourable level even with large
fluctuation angle. In this case, the impact of UAV fluctuation
on SNR exhibits the same trend as that on receiving aperture
in Fig. 3. This is interpreted by the fact that although the
passive beamforming loss caused by fluctuation could be
compensated by the aerial RIS phase controller, the impact
of fluctuation on βRIS

in (t) and therefore on the receiving
aperture still exists. Finally, Fig. 5 compares the impact of
different fluctuation models on the maximum SNR, taking the
no fluctuation case as the baseline. It reveals that different
fluctuation models deteriorate the maximum SNR in different
levels, and generally random fluctuations cause more severe
performance deterioration.

V. CONCLUSION

In this letter, we have considered an UAV-mounted RIS
auxiliary mmWave mobile communication system with UAV
fluctuation. Taking the fluctuation effect into account, a novel
aerial RIS assisted mmWave mobile channel model was
developed, based on which the performance analysis for the
proposed aerial RIS auxiliary system, including the aerial RIS
receiving aperture and the maximum SNR, were evaluated
in terms of attitude fluctuation. The results showed that the
proposed model can effectively capture the effects of UAV
fluctuation in the system performance, and fluctuation even
with small angles will significantly affect the receiving aper-
ture and the maximum SNR. Moreover, the UAV fluctuation
applies a filtering effect on the maximum SNR, which could
be partially eliminated with accurate UAV attitude detection,
and random fluctuation will cause more severe performance
deterioration. As future work, we can consider the UAV
fluctuation in the 3D location, the closed-form performance
metric with random fluctuation models, and the UAV LoS
probability model.

APPENDIX

Under the optimal RIS reflection phase configuration, we
have χmn (t) = 1 and ϕmn (t) = ϕoptmn (t), respectively. Then,
the substitution of (19) into (14) yields

Υopt
pq (t) =

∣
∣∣

M∑

m=1

N∑

n=1

ej
2π
λ (dlocmn−dmn)

T(
eRIS
T (t)+eRIS

R (t)
)∣
∣∣
2

. (21)

Let g(t) =
∑M

m=1

∑N
n=1 e

j 2π
λ
gmn (t), then Υ

opt
pq (t) = |g(t)|2

and gmn (t) = (dlocmn − dmn )
T(eRIS

T (t) + eRIS
R (t)). According

to (4), (7), and (9), we can represent gmn (t) as

gmn (t) = kmdc
{− cos εf cosβ

RIS
T (t) cos

(
αRIS
T (t)− θf

)

− cos εf cosβ
RIS
R (t) cos

(
αRIS
R (t)− θf

)

+ sin εf
(
sinβRIS

T (t) + sinβRIS
R (t)

)

+ cosβRIS
T (t) cosαRIS

T (t) + cosβRIS
R (t) cosαRIS

R (t)
}

+ kndr
{
sin εf sinωf cosβ

RIS
T (t) cos

(
αRIS
T (t)− θf

)

+ sin εf sinωf cosβ
RIS
R (t) cos

(
αRIS
R (t)− θf

)

+ cosωf cosβ
RIS
T (t) sin

(
αRIS
T (t)− θf

)

+ cosωf cosβ
RIS
R (t) sin

(
αRIS
R (t)− θf

)

+ cos εf sinωf

(
sinβRIS

T (t) + sinβRIS
R (t)

)

− cosβRIS
T (t) sinαRIS

T (t)− cosβRIS
R (t) sinαRIS

R (t)
}

= kmdcA1(t) + kndrA2(t). (22)

Consequently, g(t) can be expressed as

g(t) =

M∑

m=1

N∑

n=1

ej
2π
λ

(
kmdcA1(t)+kndrA2(t)

)

=

M∑

m=1

ej
2π
λ

2m−M−1
2

dcA1(t)
N∑

n=1

ej
2π
λ

2n−N−1
2

drA2(t)

(a)
=

sin
(
π
λMdcA1(t)

)

sin
(
π
λdcA1(t)

) × sin
(
π
λNdrA2(t)

)

sin
(
π
λdrA2(t)

) , (23)

where (a) exploits the property of geometric sequence.
Then, by substituting (23) into (21) and then into (15), the

path power gain under optimal RIS reflection phase configu-
ration with UAV attitude fluctuation can be expressed as

Ωopt
RIS(t) =

λ2dcdr cosβ
RIS
in (t)

(4π)3
(
ξRIS
T (t)ξRIS

R (t)
)2

× sin2
(
π
λMdcA1(t)

)

sin2
(
π
λdcA1(t)

) × sin2
(
π
λNdrA2(t)

)

sin2
(
π
λdrA2(t)

) .

(24)

By substituting (24) into (18), Theorem 1 holds.
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