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Abstract—Large-scale reconfigurable intelligent surface (RIS)
can effectively enhance the performance of millimeter wave
(mmWave) unmanned aerial vehicle (UAV) to ground com-
munication link with obstructed line-of-sight (LoS) path by
exploiting more reflecting units. However, the non-negligible
array dimension of large-scale RIS and the mobile property of
the terminals bring significant variations in propagation char-
acteristics, making conventional channel models inapplicable. To
address this issue, we propose a dynamic sub-array partition
scheme to divide the large-scale RIS into sub-arrays by exploiting
the Rayleigh distance criterion and the mobile property of
the transceivers. Based on the proposed scheme, a novel non-
stationary channel model for large-scale RIS auxiliary mmWave
UAV-to-ground mobile networks is developed, which outperforms
existing models with well balance between model complexity and
accuracy. Numerical results are provided to verify our analysis.

Index Terms—Large-scale RIS, mmWave UAV communica-
tions, dynamic sub-array partition, channel modeling complexity.

I. INTRODUCTION

With the evolution of meta-materials and wireless commu-
nications, an interdisciplinary concept called reconfigurable
intelligent surface (RIS) has been proposed, which provides
new degrees of freedom for converting wireless channels
from uncontrollable to partially controllable, building a smart
propagation environment for communications [1]. Specifically,
the RIS technology has been considered a cost- and energy-
efficient manner to boost the millimeter wave (mmWave)
unmanned aerial vehicle (UAV) to ground communication
link under direct path easy blocking scenarios, such as city
environments with dense buildings, by contributing a virtual
line-of-sight (V-LoS) path between the UAV transmitter and
ground mobile receiver (MR) [2]. However, the product-fading
attenuation effect experienced by RIS has heavily limited its
applications to support the performance requirements of next
generation wireless networks [3].

For the purpose of enhancing the performance of the RIS
auxiliary link to a reasonable level, one of the candidate
solutions is to replace conventional passive RIS with active
RIS by integrating reflection-type amplifier to each RIS unit,
with which the incident signals will be amplified by utiliz-
ing the energy converted from DC power supply [4], [5].
Specifically, the authors in [3] proposed a novel active RIS
architecture and examined it via experimental measurements,
where the results from the capacity gain analysis showed

that active RIS has the potential to overcome the product-
fading attenuation effect experienced by passive RIS. The
authors in [6] considered the sum rate maximization of an
active RIS-assisted terahertz (THz) communication system and
showed that the proposed scheme is superior to passive RIS
as well as multi-antenna amplify-and-forward (AF) relaying.
Despite its attractive advantages, active RIS still has a long
way to go and may not be a top priority at present. This is
mainly due to that although active RIS reflects signals with
amplification, it suffers from a large amount of extra power
consumption as compared to passive RIS. Meanwhile, the
fabrication of additional active amplifiers will also increase
the cost of system design. In addition, along with the desired
signal components, active RIS will unintentionally amplify all
the incident waves, thus bringing extra interference and noise
to the receiver.

Another roadmap to this challenge follows the evolu-
tion route of multi-antenna technology, i.e., multiple-input
multiple-output (MIMO) → massive MIMO → ultra massive
MIMO → extremely large (massive) MIMO [7], etc., whose
feasibility stems from the square-law power gain of RIS [8].
The use of higher frequency bands, e.g., mmWave, THz,
and/or optical, makes it possible to fabricate more units
within finite array dimension; and meanwhile the low-cost
property of passive RIS enables its large-scale deployment.
Integrating more reflecting units will contribute higher power
gain, but also brings non-negligible array dimension. This
will cause larger array Rayleigh distance and makes far-field
propagation condition invalid. Moreover, the mobile property
of the transceivers (UAV and MR) enables the variation of
RIS-transceiver distances, which will cause the transition of
propagation condition from near-field to far-field or vice versa.
In this case, the existing planar wavefront assumption based
models for far-field propagation condition, such as [8]- [10],
no longer applicable. On the other hand, spherical wavefront
assumption based models obtain excellent accuracy but suffers
from high computation complexity.

Following the intentions of low-cost and low-energy con-
sumption of RIS, this paper considers a large-scale RIS
auxiliary mmWave aerial to ground communication system,
in which the large-scale RIS is coated on the surface of a
building as depicted in Fig. 1. To address the aforementioned
issues experienced by large-scale RIS, we propose a soft-
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Fig. 1. A physical illustration of the proposed large-scale RIS assisted
mmWave UAV communications with dynamic sub-array partition.

level dynamic sub-array partition scheme to partition the large-
scale RIS into sub-arrays by exploiting the Rayleigh distance
criterion as well as the mobile property of the transceivers.
Subsequently, far-field propagation condition is satisfied by
the sub-arrays and hence planar-wavefront assumption can be
adopted to these sub-arrays. Based on the proposed scheme,
we derive the complex channel response of the proposed
channel model, which is verified to be superior to existing
models with well balance between modeling complexity and
accuracy.

Notation: Throughout this paper, non-boldface, boldface
lowercase, and boldface uppercase letters denote scalar, vector,
and matrix, respectively; | · |, (·)T, (·)∗, and ⟨·, ·⟩ stand
for absolute value, transpose, complex conjugate, and vector
dot product, respectively; E{·}, min{·, ·}, ⌊·⌉, and mod{·, ·}
take the expectation, minimum value, downward integer, and
modulo division, respectively.

II. SYSTEM MODEL

As depicted in Fig. 1, we consider a wireless communication
system which suffers from severe performance deterioration
due to the blocking line-of-sight (LoS) path between a mobile
unmanned aerial vehicle (UAV) with velocity vector vT and a
moving MR with velocity vector vR. The velocity vectors are
expressed as vT = vT [cos ηT cos γT , cos ηT sin γT , sin ηT ]

T

and vR = vR[cos γR, sin γR, 0]
T, respectively. To enhance

the communication performance, a large-scale reconfigurable
intelligent surface (RIS) is deployed on the facade of a build-
ing between the UAV and MR, which contributes a virtual-
LoS (VLoS) link between the transceivers. Omnidirectional
uniform linear arrays (ULAs) with antenna numbers MT and
MR, as well as antenna element spacings δT and δR, are
employed at the UAV and MR, respectively. The large-scale
RIS is composed of M columns and N rows, with unit size
denoted by dc and dr in the column and row directions,
respectively. Therefore, the total number of reflecting units
is MN . Typically, the unit size dc(r) is on the sub-wavelength
scale (e.g., λ/10 ∼ λ/2), where λ is the wavelength, while the
gap between adjacent unit is ignored. Following the coordinate
system definition in [11], the locations of the central points of

TABLE I
SUMMARY OF KEY PARAMETERS DEFINITIONS

ξTRIS(t), ξ
R
RIS(t) distances between UAV/MR and center of RIS

ξTmn(t), ξ
R
mn(t) distances between UAV/MR and (m,n)-th RIS unit

αT
mn(t), β

T
mn(t) AAoD and EAoD from UAV to (m,n)-th RIS unit

αR
mn(t), β

R
mn(t) AAoA and EAoA from (m,n)-th RIS unit to MR

χmn(t) reflection amplitude of (m,n)-th RIS unit
φmn(t) reflection phase of (m,n)-th RIS unit

vT , γT , ηT motion speed, azimuth/elevation directions of UAV
vR, γR motion speed and azimuth direction of MR

UAV’s ULA, large-scale RIS, and MR’s ULA at the initial
instant are denoted by (0, 0, H0), (xI , yI , zI ), and (ξR, 0, 0),
respectively. To enhance the model generality, the orientation
angles of the antenna arrays are considered. Specifically, the
azimuth and elevation orientation angles of the UAV’s ULA
are denoted by ψT and ϕT , respectively, whereas at the MR,
they are denoted by ψR and ϕR, respectively. The large-
scale RIS is located on the facade of a building, thus only
a horizontal rotation angle of θI is considered. The definitions
of the key model parameters are summarized in Table I.

In this paper, we denote s as the transmitted symbol with
power E{ss∗} = PT , HTR(t, f) ∈ CMR×MT as the frequency
domain end-to-end channel matrix between the transceiver,
and then the complex baseband received signal model can be
expressed as [11], [12],

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

where fUAV(t) ∈ CMT×1 and fMR(t) ∈ CMR×1 denote
the UAV transmit beamforming and MR receive combining
vectors, respectively, and n(t) is the zero-mean complex
Gaussian noise with variance σ2. Once the MIMO chan-
nel matrix HTR(t, f) is derived, the beamforming/combining
vector fUAV/MR(t) can be obtained via the maximal-ratio
combining strategy [13]. By taking inverse Fourier transfor-
mation, the frequency domain channel matrix HTR(t, f) can
be converted to its time domain counterpart, i.e., HTR(t, τ) =∫

HTR(t, f)e
j2πfτdf =

[
hpq(t, τ)

]
MR×MT

, where hpq(t, τ)
denotes the complex channel impulse response (CIR) includ-
ing path loss between the p-th (p = 1, 2, ...,MT ) UAV antenna
and the q-th (q = 1, 2, ...,MR) MR antenna.

Benefit from the directional transmission brought by beam-
forming, it is reasonable to assume that the UAV transmitter
concentrates the majority of the signal power on the MR
through the reflection of large-scale RIS. Therefore, we ig-
nore the components independent of larger-scale RIS in the
following discussions due to their negligible power gains.
Subsequently, we can present a general form of hpq(t, τ) as

hpq(t, τ)

=

√
ΩRIS(t)

Υpq(t)

N∑
n=1

M∑
m=1

χmn(t)e
jφmn(t)

×e−j 2π
λ

(
ξTmn(t)+ξRmn(t)

)
× ej

2π
λ ⟨eTmn(t), dT

p ⟩ej
2π
λ ⟨eRmn(t), dR

q ⟩

×ej 2π
λ ⟨vT t, eTmn(t)⟩ × ej

2π
λ ⟨vRt, eRmn(t)⟩δ

(
τ − τmn(t)

)
, (2)



where ΩRIS(t) denotes the end-to-end path power gain in-
cluding the path loss between the UAV and MR, Υpq(t) is
the normalized factor, and τmn(t) =

(
ξTmn(t) + ξRmn(t)

)
/c

is the path delay with c = 3.0 × 108 m/s. The dT
p and dR

q

are the distance vectors from the centers of the UAV’s and
MR’s ULAs to the p-th transmit and q-th receive antennas,
respectively, which can be expressed as

dT/R
i =

MT/R − 2i+ 1

2
δT/R

 cosϕT/R cosψT/R

cosϕT/R sinψT/R

sinϕT/R

 , (3)

where i = p for transmit antenna, e.g., dT
p , and i = q for

receive antenna, e.g., dR
q , respectively. Moreover, eTmn(t) and

eRmn(t) denote the unit directional vectors from UAV and MR
to the (m,n)-th (m = 1, 2, ...,M ;n = 1, 2, ..., N ) reflecting
unit, respectively, which are expressed as

eT/R
mn (t) =

 cosβ
T/R
mn (t) cosα

T/R
mn (t)

cosβ
T/R
mn (t) sinα

T/R
mn (t)

sinβ
T/R
mn (t)

 . (4)

We have to mention that (2) provides a general descrip-
tion of the CIR hpq(t, τ) based on the spherical wavefront
model, which attains excellent accuracy but suffering from
very high complexity, especially for large-scale RIS mobile
scenarios. Planar wavefront model-based description of the
CIR hpq(t, τ) has been widely used in literature because
of its low complexity, but cannot meet with the accuracy
requirement in near-field propagation condition. The large-
scale RIS assisted mobile networks show new characteristics
as described in Fig. 1. On the one hand, a large-scale RIS
has non-negligible array dimension, which causes considerable
Rayleigh distance as compared to the distances between RIS
and the terminals, resulting in near-field propagation condition.
In this case, the conventional planar wavefront model adopted
for far-field propagation condition is no longer valid due to
insufficient accuracy. On the other hand, owing to the motion
of the terminals, the distances between RIS and the terminals
are time-varying. This may cause the propagation condition
transitions from near-field to far-field or vice versa. In this
case, the spherical wavefront model suffers from high com-
putation complexity. To address the aforementioned issue, we
will develop a dynamic sub-array partition scheme for large-
scale RIS assisted mobile communications, which achieves a
well balance between modeling accuracy and complexity.

III. PROPOSED DYNAMIC SUB-ARRAY PARTITION SCHEME

Rayleigh distance is widely used for characterizing the
boundary between near-field and far-field propagations [14].
When the terminal is outside of the Rayleigh distance range of
the large-scale RIS, the wave propagation is far-field and hence
planar wavefront signal model can be adopted, in which differ-
ent reflecting elements share the same signal angle. Otherwise,
the wave propagation is near-field and spherical wavefront
signal model should be applied. The proposed dynamic sub-
array partition scheme achieves a balance between modeling
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Fig. 2. Description of the proposed dynamic sub-array partition scheme.

complexity and accuracy by exploiting this characteristic as
well as the mobile property of the transceivers. Specifically,
sub-array partition is made to the large-scale RIS so that all the
resulting sub-arrays satisfy the far-field propagation condition,
thus planar wavefront model can be applied to the sub-arrays.
When the terminals move as time goes by, closer to or farther
away from the large-scale RIS, the sub-arrays will be re-
partitioned to accommodate to the accuracy and complexity
requirement of the signal model.

Figure 2 illustrates the sub-array partition result at time
instant t, where the entire large-scale RIS is evenly parti-
tioned into Msub(t) × Nsub(t) sub-arrays. Since we apply
no constraints to the total reflecting units numbers M and
N , the number of reflecting units in different sub-arrays
can be different. Specifically, for the (msub, nsub)-th (msub =
1, 2, ...,Msub(t);nsub = 1, 2, ..., Nsub(t)) sub-array, the number
of reflecting units in the column and row directions are
denoted by M col

msub
(t) and N row

nsub
(t), respectively. In general,

the first sub-array, that is, the (msub = 1, nsub = 1)-th sub-
array, has the most reflecting units among all the sub-arrays.
Therefore, if the (msub = 1, nsub = 1)-th sub-array meets
with the far-field propagation condition, so do all the other
sub-arrays. Consequently, the reflecting units number in the
(msub = 1, nsub = 1)-th sub-array, denoted by M col

msub=1(t) and
N row

nsub=1(t), respectively, can be determined as

M col
msub=1(t) = min

{⌊√
λξmin(t)

2d2c

⌉
, M

}
, (5)

N row
nsub=1(t) = min

{⌊√
λξmin(t)

2d2r

⌉
, N

}
, (6)

where ξmin(t) denotes the minimum distance from the termi-
nals to the large-scale RIS, and it is calculated by ξmin(t) =

min
{√

(xI − rTx (t))
2 + (yI − rTy (t))

2 + (zI −H0 − rTz (t))
2

,
√

(xI − ξR − rRx (t))
2 + (yI − rRy (t))

2 + z2I
}

. For the UAV
transmitter, rTx (t) = vT t cos ηT cos γT , rTy (t) = vT t
cos ηT sin γT , and rTz (t) = vT t sin ηT , respectively; whereas
at the receiver, we have rRx (t) = vRt cos γR and rRy (t) =
vRt sin γR, respectively. Subsequently, the number of sub-



arrays in the column and row directions, they are, Msub(t)
and Nsub(t), respectively, can be further determined as

Msub(t) =


M − mod

{
M,M col

msub=1(t)
}

M col
msub=1(t)

+ 1, if A1 ̸= 0

M
M col

msub=1(t)
, if A1 = 0

, (7)

Nsub(t) =


N − mod

{
N,N row

nsub=1(t)
}

N row
nsub=1(t)

+ 1, if A2 ̸= 0

N
N row

nsub=1(t)
, if A2 = 0

, (8)

where A1 = mod
{
M, M col

msub=1(t)
}

and A2 = mod
{
N,

N row
nsub=1(t)

}
, respectively. It can be seen that when the sub-

array is arbitrarily small, which means that M col
msub=1(t) =

N row
nsub=1(t) = 1, Msub(t) = M , and Nsub(t) = N , e.g.,

each reflecting unit corresponds to one sub-array, the pro-
posed model evolves into the spherical wavefront model with
highest complexity. When the sub-array is arbitrarily large,
which indicates that M col

msub=1(t) = M , N row
nsub=1(t) = N ,

and Msub(t) = Nsub(t) = 1, e.g., the entire large-scale RIS
corresponds to one sub-array, the proposed model reduces into
the planar wavefront model with acceptable accuracy. Overall,
in this proposed dynamic sub-array partition scheme, the
modeling complexity is reduced by applying planar wavefront
signal model to the sub-arrays, while the modeling accuracy
is ensured by adopting the dynamic partition strategy taking
Rayleigh distance as the metric.

More specifically, we can further derive the number of
reflecting units in the column and row directions for the
arbitrarily (msub, nsub)-th sub-array, they are, M col

msub
(t) and

N row
nsub

(t), respectively, as

M col
msub

(t)

=

{
M col

msub=1(t), if 1 ≤ msub < Msub(t)

M −
(
Msub(t)− 1

)
M sub

msub=1(t), if msub =Msub(t)
,

(9)

N row
nsub

(t)

=

{
N row

nsub=1(t), if 1 ≤ nsub < Nsub(t)

N −
(
Nsub(t)− 1

)
N row

nsub=1(t), if nsub = Nsub(t)
.

(10)

Subsequently, the distance vector from the origin to the center
point of the (msub, nsub)-th sub-array, denoted by d(msub,nsub)(t),
can be expressed as

d(msub,nsub)(t) =

xI +A3 cos θI
yI +A3 sin θI
zI −A4

 , (11)

where A3 = 1
2

[
2(msub−1)M col

msub=1(t)+M
col
msub

(t)−M
]
dc and

A4 = 1
2

[
2(nsub−1)N col

nsub=1(t)+N
col
nsub

(t)−N
]
dr, respectively.

Then, following the procedure described in [15], the time-
varying distances from the centers of the UAV’s and MR’s

ULAs to that of the (msub, nsub)-th sub-array, denoted by
ξT(msub,nsub)

(t) and ξR(msub,nsub)
(t), respectively, are calculated by

ξT(msub,nsub)
(t) =

{
(xI +A3 cos θI − rTx (t))

2

+(yI +A3 sin θI − rTy (t))
2

+(zI −A4 −H0 − rTz (t))
2
}1/2

, (12)

ξR(msub,nsub)
(t) =

{
(xI +A3 cos θI − ξR − rRx (t))

2

+(yI +A3 sin θI − rRy (t))
2

+(zI −A4)
2
}1/2

, (13)

and the corresponding time-varying departure angles from
UAV to the (msub, nsub)-th sub-array, they are, the azimuth
departure angle αT

(msub,nsub)
(t) and elevation departure angle

βT
(msub,nsub)

(t), respectively, are expressed as

βT
(msub,nsub)

(t) = arcsin
zI −A4 −H0 − rTz (t)

ξT(msub,nsub)
(t)

, (14)

αT
(msub,nsub)

(t)

= arccos
xI +A3 cos θI − rTx (t)√

ξT(msub,nsub)

2
(t)− (zI −A4 −H0 − rTz (t))

2
,(15)

at the receiver, the time-varying arrival angles from the
(msub, nsub)-th sub-array to the MR, they are, the az-
imuth arrival angle αR

(msub,nsub)
(t) and elevation arrival angle

βR
(msub,nsub)

(t), respectively, are expressed as

βR
(msub,nsub)

(t) = arcsin
zI −A4

ξR(msub,nsub)
(t)
, (16)

αR
(msub,nsub)

(t) = arccos
xI +A3 cos θI − ξR − rRx (t)√
ξR(msub,nsub)

2
(t)− (zI −A4)2

. (17)

Finally, with the aforementioned derivations, the CIR
hpq(t, τ) of the proposed large-scale RIS assisted mobile
system under dynamic sub-array partition can be re-expressed
from (2) to the following expression

hpq(t, τ) =
√

ΩRIS(t)

Nsub(t)∑
nsub=1

Msub(t)∑
msub=1

h(msub,nsub)
pq (t)

×δ
(
τ − τ(msub,nsub)(t)

)
, (18)

where τ(msub,nsub)(t) =
(
ξT(msub,nsub)

(t) + ξR(msub,nsub)
(t)

)
/c is the

propagation delay from UAV to MR via the (msub, nsub)-th
sub-array, and h

(msub,nsub)
pq (t) denotes the CIR from the p-th

UAV antenna to the q-th MR antenna via the (msub, nsub)-th
sub-array, which can be expressed as

h(msub,nsub)
pq (t)

=

√
1

Υpq(t)

N row
nsub

(t)∑
n0=1

M col
msub

(t)∑
m0=1

χmn(t)e
jφmn(t)
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Fig. 3. Number of sub-arrays in the proposed large-scale RIS assisted system.

×e−j 2π
λ

(
ξT(msub,nsub)

(t)+ξR(msub,nsub)
(t)
)

×ej
2π
λ

〈
eT(msub,nsub)

(t), dT
p

〉
× e

j 2π
λ

〈
dm0n0
(msub,nsub)

(t), ein
(msub,nsub)

(t)
〉

×ej
2π
λ

〈
eR(msub,nsub)

(t), dR
q

〉
× e

j 2π
λ

〈
dm0n0
(msub,nsub)

(t), eout
(msub,nsub)

(t)
〉

×ej
2π
λ

〈
vT t, eT(msub,nsub)

(t)
〉
× ej

2π
λ

〈
vRt, eR(msub,nsub)

(t)
〉
, (19)

in which n0 = n − (nsub − 1)N row
nsub=1(t) and m0 =

m − (msub − 1)M col
msub=1(t), respectively. The eT(msub,nsub)

(t)

and eR(msub,nsub)
(t) are the unit directional vectors from UAV

and MR to the (msub, nsub)-th sub-array, which can be
obtained from formula (4) by replacing {αT

mn(t), β
T
mn(t)}

and {αR
mn(t), β

R
mn(t)} with {αT

(msub,nsub)
(t), βT

(msub,nsub)
(t)}

and {αR
(msub,nsub)

(t), βR
(msub,nsub)

(t)}, respectively. Moreover, the
dm0n0

(msub,nsub)
(t) represents the distance vector from the center of

the (msub, nsub)-th sub-array to the (m0, n0)-th RIS unit, which
has the following expression

dm0n0

(msub,nsub)
(t) =


2m0−M col

msub
(t)−1

2 dc
0

−
2n0−N row

nsub
(t)−1

2 dr

 , (20)

and the ein
(msub,nsub)

(t) and eout
(msub,nsub)

(t) denote the unit direc-
tion vectors of the incident and output signals on the plane
of the (msub, nsub)-th sub-array, respectively, which can be
expressed as

ein/out
(msub,nsub)

(t) =


sinβ

in/out
(msub,nsub)

(t) cosα
in/out
(msub,nsub)

(t)

cosβ
in/out
(msub,nsub)

(t)

sinβ
in/out
(msub,nsub)

(t) sinα
in/out
(msub,nsub)

(t)

 , (21)

where αin
(msub,nsub)

(t) and βin
(msub,nsub)

(t) are the azimuth and
normal incident angles from the UAV to the (msub, nsub)-th
sub-array, and αout

(msub,nsub)
(t) and βout

(msub,nsub)
(t) are the azimuth

and normal output angles from the (msub, nsub)-th sub-array
to the MR, respectively. Their definitions and expressions
can be referred to Appendix B in [9] by imposing ϵI = 0
as well as replacing {xI ; yI ; zI ; ξTRIS(t); ξ

R
RIS(t)} with {xI +

A3 cos θI ; yI+A3 sin θI ; zI−A4; ξ
T
(msub,nsub)

(t); ξR(msub,nsub)
(t)},

respectively, which are omitted here for brevity.
Furthermore, the normalized factor Υpq(t) is expressed as

Υpq(t) = E
{∣∣∣ N∑

n=1

M∑
m=1

χmn(t)e
j
(
φmn(t)−φdis

mn(t)
)∣∣∣2}, (22)
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Fig. 4. Accuracy performance of the proposed dynamic sub-array partition
scheme with respect to moving time, parameter setting follows Fig. 3.

where φdis
mn(t) = 2π

λ

[
ξT(msub,nsub)

(t) − ⟨eT(msub,nsub)
(t),dT

p ⟩ −
⟨dm0n0

(msub,nsub)
(t), ein

(msub,nsub)
(t)⟩ + ξR(msub,nsub)

(t) − ⟨eR(msub,nsub)
(t)

,dR
q ⟩ − ⟨dm0n0

(msub,nsub)
(t), eout

(msub,nsub)
(t)⟩ − ⟨vT t, eT(msub,nsub)

(t)⟩ −
⟨vRt, eR(msub,nsub)

(t)⟩
]

is the distance related phase term via the
(m,n)-th reflecting unit. And the end-to-end path power gain
ΩRIS(t) can be expressed as [9]

ΩRIS(t) =
λ2dcdr
(4π)3

× E
{∣∣∣ N∑

n=1

M∑
m=1

√
cosβin

(msub,nsub)
(t)

×χmn(t)e
j
(
φmn(t)−φdis

mn(t)
)

ξT(msub,nsub)
(t)ξR(msub,nsub)

(t)

∣∣∣2}, (23)

More specifically, under optimal RIS reflection phase config-
uration, ΩRIS(t) can be rewritten as

Ωopt
RIS(t) =

λ2dcdr
(4π)3

× E
{∣∣∣Nsub(t)∑

nsub=1

Msub(t)∑
msub=1

√
cosβin

(msub,nsub)
(t)

×
M col

msub
(t)N row

msub
(t)

ξT(msub,nsub)
(t)ξR(msub,nsub)

(t)

∣∣∣2}. (24)

IV. RESULTS AND DISCUSSIONS

The simulation parameters follow the existing work [9]
except that a large-scale RIS with dimension Mdc = 3 m and
Ndr = 2 m is considered in this paper. Moreover, we set MT

= MR = 16, dc = dr = λ/3, ξR = 400 m, (xI , yI , zI ) = (200
m, 50 m, 21 m), vR = 15 m/s, γR = 3.075, and RIS with
optimal configuration, respectively. The modeling accuracy
performance is evaluated by the normalized absolute error ∆,
which takes the spherical wavefront model as the baseline, i.e.,

∆ = 10 log10

{ MR∑
q=1

MT∑
p=1

|hpq(t, τ)− hspherical
pq (t, τ)|

|hspherical
pq (t, τ)|

}
. (25)

Fig. 3 shows the evolution of the number of sub-arrays in
the proposed large-scale RIS assisted UAV communication
system. It reveals that the deployment of large-scale RIS
introduces non-negligible Rayleigh distance, making sub-array
partition indispensable even when the terminals remain static.
When the terminals move firstly closer to and then farther
away from the large-scale RIS, the number of sub-arrays grad-
ually increases to about 50 and then decreases, highlighting
the importance of the proposed dynamic sub-array partition
scheme.
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Fig. 5. Accuracy performance of the proposed dynamic sub-array partition
scheme with respect to RIS dimension, assuming square RIS.

We illustrate the modeling accuracy performance of the
proposed dynamic sub-array partition scheme in Fig. 4. Un-
der the basic parameter setting, the results indicate that the
proposed scheme outperforms the planar wavefront model in
[8] with more than 10 dB accuracy gain. Fig. 4 also reveals
that the accuracy performance of the model in [8] deteriorates
obviously as the terminals move closer to the large-scale
RIS, whereas the proposed scheme attains almost the same
performance. This highlights the advantage of the proposed
scheme. Then, Fig. 5 shows the modeling accuracy of the
proposed scheme under different RIS dimension when the
UAV and MR moves to (100 m, -50 m, 50 m) and (250
m, 10 m, 0), respectively. It is seen from the figure that the
proposed scheme has the same accuracy performance as the
planar wavefront model in [10] when the RIS dimension is
relatively small, i.e., Rayleigh distance smaller than terminal-
to-RIS distance, but outperforms the model in [10] as the
RIS dimension continues to increase. This can be interpreted
from the fact that when the RIS dimension is small, no sub-
array partition is performed and the proposed model reduces to
conventional planar wavefront model, thus attaining the same
performance. It is also seen from Figure 5 that the proposed
model has the ability to sustain its accuracy performance as
the RIS dimension increases, which verifies the effectiveness
of the proposed scheme.

Finally, we compare the complexity as well as accuracy per-
formance among spherical wavefront model, planar wavefront
model, and the proposed dynamic sub-array based model for
large-scale RIS assisted mobile system in Table II. Specifi-
cally, to obtain the CIR, the number of distance and angle
parameters required for spherical wavefront model is 7MN ,
which are 2MN +8 for planar wavefront model and 2MN +
8Msub(t)Nsub(t) for the proposed model, respectively. Since
the reflecting units number is much larger than sub-array num-
ber in large-scale RIS system, i.e., MN ≫ Msub(t)Nsub(t),
the proposed dynamic sub-array based model attains ∼ 70%
reduction in computation load with acceptable accuracy. In
summary, the proposed model obtains a well balance between
modeling complexity and accuracy by performing dynamic
sub-array partition, especially for near-field propagation con-
ditions with large dimension RIS.

V. CONCLUSION

In this paper, we have considered a mmWave UAV-to-
ground mobile communication system with blocking LoS

TABLE II
COMPARISONS BETWEEN MODELS FOR LARGE-SCALE RIS

Model Type Accuracy Computation Load
Spherical Wavefront Model High High

Planar Wavefront Model Poor Low
Proposed Model Acceptable Acceptable

path under the assistance of a large-scale RIS. A dynamic
sub-array partition scheme is developed for modeling the
proposed large-scale RIS auxiliary system with the purpose of
reducing the modeling complexity while sustaining acceptable
accuracy performance in a real-time manner, by exploiting the
Rayleigh distance criterion as well as the mobile property
of the transceivers. The results highlight the importance of
dynamic sub-array partition in large-scale RIS assisted mobile
networks, and as well reveal the advantages of the proposed
scheme in balancing the complexity and accuracy performance
as compared to existing models.
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