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Abstract—This paper explores a simultaneous tasks offloading
and communications (STOC) scheme in mobile edge computing
(MEC) networks, supported by the combination of simultaneous-
ly transmitting and reflecting reconfigurable intelligent surface
(STAR-RIS) and the unmanned aerial vehicle (UAV). Different
from the traditional MEC schemes, the proposed scheme concur-
rently considers the computation and communication capabilities
of the MEC networks, which is actually more practical in reality.
Specifically, an optimization problem is devised to maximize
the weighted sum of the minimum computed task data and
communication data, while ensuring the quality of service (QoS)
constraints for STOC through joint design of time scheduling,
resource allocation, active and passive beamforming, alongside
with the UAV trajectory planning. This non-convex problem
with strong couplings among variables is challenging to solve
directly. Then, a novel alternating optimization method is pro-
posed, leveraging the successive convex approximation (SCA) and
semi-definite relaxation (SDR) techniques. We provide sufficient
numerical results to validate the effectiveness of the proposed
STOC scheme, which demonstrate that the proposed scheme
supported by STAR-RIS and UAV outperforms five benchmark
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schemes in terms of performance gain. It is important to note
that the proposed scheme offers a feasible and realistic way for
the implementations of STOC in practical MEC networks.

Index Terms—STAR-RIS, unmanned aerial vehicle (UAV),
mobile edge computing (MEC), simultaneous tasks offloading and
communications (STOC).

I. INTRODUCTION

With the continuous advancement of wireless network tech-
nology, there has been a significant increase in the number of
Internet of Things (IoT) devices, resulting in a vast amount
of requirements for real-time data processing over wireless
networks [1]. Additionally, numerous IoT applications require
low latency and intensive computational capabilities, such
as autonomous driving, augmented & virtual reality, and
pervasive gaming, etc. [2]. These applications impose a great
challenge for the traditional networks based on centre-cloud
computing framework. In order to effectively tackle this chal-
lenge, mobile edge computing (MEC) has arisen as a favorable
solution by extending the computational capacity from the
central cloud to the network edge cloud, which allows efficient
data processing in close proximity. Thus, MEC technology
has attracted considerable attention from both academic and
industry, resulting in various research initiatives aimed at
addressing the computation offloading challenges in MEC
systems. These efforts primarily focus on reducing latency,
conserving energy, and enhancing quality of service (QoS)
through resource allocation [3]–[8]. In generally, traditional
MEC networks typically place edge servers at predetermined
ground locations, e.g., base station (BS) and access point (AP),
leading to two primary drawbacks: (i) It is challenging to
ensure consistent QoS for users in remote regions or blocked
regions. (ii) Terrestrial MEC networks commonly encounter
serious signal degradation during data transmission, and thus
limit the uplink data offloading performance.

The unmanned aerial vehicle (UAV) technology offers a
promising solution to address the aforementioned challenges
by leveraging its controllable flexibility in movement. This
feature enables the UAV to swiftly navigate to any point
in 3D space and increases the probability of establishing a
direct line of sight (LoS) with the ground nodes. Therefore,
numerous UAV-assisted MEC strategies have been investigated
to effectively leverage the benefits offered by UAV [9]–[14].
Although the utilization of UAV has shown great benefits in
enhancing computational capabilities of MEC networks, the
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current UAV-enabled MEC schemes are normally designed
to accommodate uncontrollable wireless propagation environ-
ment, leading to significant limitations on task offloading
efficiency and ability. To break this performance bottleneck
caused by random wireless channels, the technology of re-
configurable intelligent surface (RIS) provides a promising
solution [15]. This is because RIS can dynamically modify the
electromagnetic characteristics of incoming signals, facilitat-
ing the creation of adjustable virtual channels spanning end-to-
end. Thus, integrating the RIS and UAV technologies presents
a mutually beneficial strategy to enhance the performance gain
of MEC networks, given RIS’s capacity to modify the wireless
propagation environment and the flexibility of UAVs.

A. Related works

Consequently, numerous RIS-assisted UAV-enabled MEC
schemes have been investigated and proposed. Some schemes
deploy RIS on the surfaces of buildings to assist ground users
in offloading signals to UAVs or to facilitate UAVs offloading
computational tasks to BSs. Specifically, [16], [17] respec-
tively proposed a RIS-assisted UAV-MEC scheme, where the
RIS installed on building is used to improve the task offload-
ing efficiency from users to the MEC server on the UAV.
Considering the limited computational capability of the UAV-
MEC, the MEC scheme in [18] involves initially transferring
computational tasks from ground users to the MEC server
located on the UAV serving as the relay. Subsequently, the
unprocessed tasks are forwarded to the terrestrial BS by the
UAV in the following time slot, aided by the ground RIS.
Furthermore, [19] investigates a MEC system that incorporates
the cooperation with UAV and RIS, where the RIS is utilized
to establish a relay link connecting users to the BS and to
improve the relaying capacity of the UAV. Although these
MEC schemes can effectively improve the performance gain of
the MEC networks, they still exist the following deficiencies:
(i) The traditional RIS can only reflect the incoming signals,
requiring the transceivers to be located in the same side of
RIS, which will significantly limit the coverage of wireless
networks and flexibility in deploying RIS. (ii) The UAV plays
multiple roles, functioning as MEC platform to handle certain
offloaded tasks and relay to transmit remaining tasks to the BS,
requiring complex UAV hardware design. (iii) These double-
hop MEC strategies rely on the UAV to receive and decode
the offloaded tasks and then transmit the unprocessed tasks to
the BS, resulting in high energy and time consumption.

To fully exploit the flexibility of UAVs, some studies have
proposed the schemes mounting RIS directly on UAVs to
facilitate task offloading of users. By leveraging the mobility
of UAVs, the airborne RIS can flexibly adjust its position
according to practical requirements, thereby optimizing the
channel environment and enhancing coverage. In particular,
Zhai et al. in [20] introduced a MEC framework with a RIS
horizontally mounted on UAV. This innovative scheme enables
users to divert their computational tasks to terrestrial MEC
servers with the reflective capabilities of the RIS. Further in
[21], two UAVs and a RIS are adopted, where one UAV loads
the RIS to manipulate and reflect the signals containing task

information to the MEC server on another UAV which also
serves as the relay to offload the remaining computing tasks
to the BS. It is worth noting that the proposed aerial RIS-
supported MEC schemes can address the shortcoming of the
traditional RIS’s half-space coverage, since the horizontally
placed aerial RIS can reflect all incident signals from the
ground users and achieve a 360◦-like coverage. However,
the conventional RIS is restricted to merely reflecting in-
coming signals, thereby offering a limited range of options
for beamforming the transmitting signals. Consequently, the
MEC schemes deploying RIS on the UAV are unable to fully
optimize the available computational resources.

Recently, a novel RIS called simultaneous transmitting and
reflecting RIS (STAR-RIS) is introduced in [22], [23]. STAR-
RIS, as opposed to traditional RIS, is capable of splitting
the incoming signal into two parts, with one portion being
reflected back in the direction of the incident signal and the
other segment being transmitted towards the opposite direc-
tion. This functionality enables STAR-RIS to achieve a 360◦

coverage area, which is twice compared to the traditional RIS.
Hence, STAR-RIS possesses enormous application potentials
and has been incorporated into various wireless systems, e.g.,
secure communications systems [24]–[26], integrated sensing
and communications (ISAC) systems [27]–[29], and MEC
networks [30]–[32]. Specifically, in [32], a novel MEC scheme
is suggested, utilizing a STAR-RIS vertically attached to the
UAV to manipulate and adjust the tasks offloading signals from
users to the MEC server at the ground BS. With the assis-
tance of STAR-RIS’s reflection and transmission beamforming
capabilities, the ground users distributed in a 360◦ area can
efficiently offload their tasks to the BS. And a large number of
simulation results demonstrate that the proposed aerial STAR-
RIS-assisted MEC scheme outperforms the baseline schemes
including the conventional aerial RIS-supported scheme. How-
ever, this scheme also exists the following deficiencies: (i) The
stability of vertically installed aerial STAR-RIS is significantly
affected by air resistance and wind, especially for STAR-RIS
with large size. This will seriously impact the reliability of
the systems. (ii) The MEC scheme does not fully leverage
the spatial modulation capabilities of the STAR-RIS and it is
challenging for this scheme to effectively utilize the computing
and communication resources available on the UAV.

B. Motivations and Contributions
Aside from the above shortcomings and challenges faced by

UAV-enabled RIS/STAR-RIS assisted MEC schemes, current
MEC schemes still lack generality, primarily for the following
reasons: (i) Existing MEC schemes are usually designed on
the assumption that all users are computation-oriented which
only require computational service support. This assumption
overlooks the diversity in user requirements, rendering it in-
complete for practical networks. (ii) In current 5G and emerg-
ing 6G networks, users exhibit distinct service needs. They
may engage in computation-intensive and latency-sensitive
tasks, such as virtual reality (VR) or augmented reality (AR).
Meanwhile, then may also need basic communication-oriented
services, such as transmitting voice, text, or video data. Con-
sequently, considering only the computation-oriented services
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fails to adequately address the diverse application requirements
in practical MEC networks.

Additionally, the MEC networks that can provide both
computing and communication services for users may face the
following challenges: (i) Except the signal interference among
users with similar service demands, it is also necessary to
consider the interference among users with different services.
Given that the computation-oriented services often transmit
larger volumes of task data than the communication-oriented
services, the required signal quality varies significantly be-
tween services, which introduces additional challenges for in-
terference management. (ii) Considering different demands for
computation-oriented and communication-oriented services,
balancing task priority and fairness among users becomes
a critical challenge taking into account of limited spectrum
resources. Thus, developing an effective scheme to manage
both computing-centric and communication-centric services
is crucial to satisfy various requirements from users, thereby
enhancing the overall QoS of the MEC networks.

Tackling the aforementioned challenges provides the main
motivations of this paper, where we propose a novel MEC
scheme supported by the aerial STAR-RIS attached horizon-
tally on the UAV for the simultaneous task offloading and
communications (STOC). To the best of our knowledge, this
is the first work on the STOC scheme in MEC networks. The
key contributions of this paper are outlined as follows:

• The MEC Architecture for STOC with the Combination
of UAV and STAR-RIS: This study introduces an innova-
tive MEC system for STOC facilitated by the combination
of the UAV and STAR-RIS. Distinguished from conven-
tional MEC schemes, the proposed MEC scheme ad-
dresses QoS requirements for both computation-oriented
and communication-oriented users simultaneously, which
is more applicable in real-world situations and offer a
practical solution for MEC networks to fulfil STOC.
Specifically, the horizontally deployed aerial STAR-RIS
can not only mitigate the impact of air resistance and
wind during UAV flight, offering a practical solution to
tackle the challenges in [32], but also enable users to fully
leverage the full-space modulation capabilities of STAR-
RIS to offload computation tasks simultaneously to MEC
servers on both UAV and BS without requiring the UAV
to decode and forward tasks to the BS. Furthermore, users
can interact with individuals in different service areas by
transmitting their information to the BS with the help of
the reflective feature of the STAR-RIS.

• Problem Formulation under Practical Constraints: To
balance the requirements of the computation-oriented and
communication-oriented services in the MEC networks,
the weighted sum of the minimum offloaded task data
and communication data among users are selected as
the optimization objective. In order to maximize this
objective under QoS constraints, the time scheduling,
resource allocation, active and passive beamforming, and
the trajectory of the UAV are comprehensively designed.
Note that, tackling this formulated optimization problem
presents challenges due to the fact that this problem is

a max-min optimization problem with strong couplings
among optimization variables.

• Alternating Algorithm Design with Guaranteed Conver-
gence: To address the non-convex optimization issue, an
alternating approach is employed wherein the formulated
problem is partitioned into four distinct subproblems.
In terms of the active beamforming subproblem, the
close-form expression can be derived. Regarding the sub-
problems designing the passive beamforming and UAV
trajectory, the semi-definite relaxation (SDR) method and
the successive convex approximation (SCA) technique are
utilized to transform the subproblems into solvable. It is
verified that the convergence of the proposed algorithm
can always be guaranteed by the simulation results.

• Significant Performance Improvement: The efficiency of
the proposed MEC scheme for STOC is validated through
numerical simulations. With the assistance of the UAV
and STAR-RIS, significant performance improvement can
be achieved in comparison with five baseline schemes,
including the traditional RIS-assisted scheme.

The paper structure is as follows: Section II presents a
thorough examination of the system framework for STOC,
where the STAR-RIS augmented UAV-powered MEC network
is delineated. Section III delves into the optimization problem
and iterative algorithm, offering insights into convergence and
complexity analysis. In Section IV, the results of numerical
simulations are presented to confirm the algorithm and MEC
scheme’s efficiency. Lastly, Section V concludes the paper.

Notation: Operator ◦ signifies the Hadamard product. The
operations (·)T , (·)H , and (·)−H denote the transpose, conju-
gate transpose, and inverse conjugate transpose, correspond-
ingly. Diag(a) denotes a diagonal matrix whose diagonal ele-
ments are composed of the vector a. diag(A) refers to a vector
whose components consist of the diagonal elements of matrix
A. Additionally, the symbols |·|, ∥·∥, and ∥·∥2 are indicative of
the complex modulus, complex vector modulus, and spectral
norm, respectively. IM denotes the M × M identity matrix,
E−k is the matrix removed the k-th column of IK . eig{Y}
denotes the operation of calculating the eigenvalue of matrix
Y, eigvector{y} represents the corresponding eigenvector of
the eigenvalue y.
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Fig. 1. The multi-user MEC system model for STOC supported by the
STAR-RIS and the UAV.
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II. SYSTEM MODEL

The MEC system model for STOC assisted by STAR-RIS
and UAV is illustrated in Fig. 11, which comprises K single-
antenna users, a Nt-antenna BS equipped with a powerful
MEC server, a UAV outfitted with a MEC server and a horizon-
tally placed STAR-RIS with M -element 2. The energy splitting
protocol is implemented for STAR-RIS, which demonstrates
that all components integrated within the STAR-RIS are able
to reflect (R mode) and transmit (T mode) incoming signals
concurrently [22]. It is assumed that the direct links between
the BS and users are posited to be obstructed by physical
barriers like buildings and trees.

It is important to note that each user has two kinds of service
requirements, which include the computing-oriented service
and the communication-oriented service. For the computing-
oriented service, the users are allowed to simultaneously
delegate their tasks to the MEC servers positioned at the BS
and UAV through the aid of the STAR-RIS’s R&T mode,
which is beneficial for users to conserve energy and efficiently
handle computation-intensive and delay-sensitive tasks. On the
other hand, the communication-oriented service entails users
establishing uplink communications with the BS for traditional
information transmissions. It is generally assumed that the two
services cannot be executed concurrently due to the constraint
of each user having only one antenna.

1 N... ...n

T=N t

t

t 1[n]

Offloading

t k[n]

Offloading

t K[n]

Offloading

User 1

User k

User K

Communication

Communication

Communication

Fig. 2. TDMA-based structure for task offloading.

Given the fact that the UAV is equipped with a single-
antenna, we leverage the time division multiple access (TD-
MA) protocol for users to deal with the computing-oriented
service so as to efficiently distribute and manage the offloaded
tasks. Specifically, the duration of the mission, denoted by
T , is divided into N equal time intervals represented by
δt = T

N . These intervals are sufficiently small, ensuring that
the UAV’s position can be considered constant throughout
each time slot δt. Each time slot is further subdivided into

1Note that the RIS system consists of lightweight composite substrate
materials, ultra-thin metallic layers, and simple control circuitry, making it
inherently lightweight and able to manipulate incident signals with simple
hardware, resulting in very low additional energy consumption for UAVs.

2While the horizontally placed aerial STAR-RIS can effectively reduce the
impact of wind on its stability, this approach still has certain limitations. To
further mitigate the effects of wind on the aerial RIS, it is worth considering
the integration of the following solutions in the future work: (i) Exploring the
electromagnetic characteristic of RIS to design more miniatured RIS systems.
(ii) Establishing a jitter model specifically for the aerial RIS and designing
the highly robust aerial RIS-assisted communication schemes.

K sub-slots designated for individual users to delegate their
computational workloads, as depicted in Fig. 2. The duration
of each sub-slot is denoted by δtζk[n], where the variable
ζk[n] ∈ [0, 1],K , {1, · · · ,K} is responsible for determining
the amount of time allotted to the k-th user for task offloading
within a given time slot, which is constrained as

K∑
k=1

ζk[n] = 1, ∀n ∈ N , {1, · · · , N}, (1)

0 ≤ ζk[n] ≤ 1, ∀k ∈ K, n ∈ N . (2)

It is easy to note that only one user at maximum is offloading
computing tasks to the MEC servers at any time due to the
use of the TDMA protocol for task offloading. Except the
offloading time for user k in each time slot, it is assumed that
user k can leverage the remaining time, i.e., δt (1− ζk[n]),
to enjoy the communication-oriented service for transmitting
information to the BS. In other words, except the offloading
user, the other K − 1 users can simultaneously transmit
information signals to the BS. In this way, we can efficiently
satisfy the requirements of the co-existing computing-oriented
and communications-oriented users in the MEC system.

Remark 1. Actually, the task offloading signal transmitted
by the chosen computing-oriented user and the communication
signals generated by the (K − 1) communications-oriented
users will mutually disrupt each other, leading to a decline in
both the communication quality and computing power of the
MEC network under consideration. The task offloading signal
received by the UAV is susceptible to significant interference.
This is because the UAV, which is equipped with a single anten-
na, lacks the capability to mitigate the interference caused by
(K−1) communication signals. Instead, it relies solely on the
transmitted coefficient of the STAR-RIS to improve the signal-
to-interference-plus-noise-ratio (SINR) of the task offloading
signal at the UAV.

Therefore, to ensure that users are able to obtain the high
quality experience in both services, it is imperative to strike
a balance through the strategic planning of the UAV’s trajec-
tory, the implementation of passive and active beamforming
techniques, as well as efficient allocation of resources.

To clearly specify the positions of all system nodes, it is
assumed that all points are located in a 3D Cartesian coordi-
nate system. The coordinates of the BS and the k-th user are
represented as qBS = [xBS, yBS, zBS]

T and qk = [xk, yk, 0]
T

respectively, with zBS denoting the vertical position of the BS.
Furthermore, it is considered that the UAV operates at a fixed
altitude H and maintains a constant position during a time slot.
Thus, the UAV’s location in the n-th time slot is denoted by
qua[n] = [xua[n], yua[n],H]T for n ∈ N , subject to specific
flying constraints.

vua[n] =
qua[n]− qua[n− 1]

δt
, ∥vua[n]∥ ≤ vmax, ∀n ∈ N , (3)

aua[n] =
vua[n]− vua[n− 1]

δt
, ∥aua[n]∥ ≤ amax, ∀n ∈ N , (4)

qua[0] =qI, qua[N ] = qF, (5)
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where ∥vua[n]∥ and ∥aua[n]∥ respectively denote the flying
velocity and acceleration of the UAV, and vmax and amax are
the corresponding maximum values. qI and qF are the initial
and final positions of the UAV trajectory which can be treated
as the ground stations for UAV, providing dependable power
supply and facilitating required maintenance.

A. Channel Model

In this paper, the STAR-RIS is considered to be a uniform
planar array (UPA) comprising Mx elements in the x-axis
orientation and My elements in the y-axis orientation, with
the total number of elements represented as M = MxMy .
The communication channels between the UAV and the users
are primarily influenced by the Rician channel. Therefore, the
channel corresponding to user k during the n-th time slot is
represented as huk[n], which is given by

huk[n] =

√
ρ

dαuk

uk [n]
ĥuk[n] ∈ CM×1, (6)

where ρ = ( λ
4π )

2 denotes the path loss occurring at a
standardized distance of 1 meter, where λ signifies the wave-
length linked to the carrier frequency under consideration. duk
denotes the distance between the UAV and the k-th user, αuk

is the path-loss exponent value. ĥuk[n] =
√

β
1+βh

LOS
uk [n] +√

1
1+βh

NLOS
uk [n] is the Rician fading with β being the Rician

factor. hNLOS
uk [n] ∼ CN (0, IM ) denotes the non line-of-sight

(NLoS) component, and hLOS
uk [n] is the LoS component, which

is expressed as

hLOS
uk [n] =[
1, · · · , e−j 2πd

λ (mx−1)ξuk[n], · · · , e−j 2πd
λ (Mx−1)ξuk[n]

]T⊗[
1, · · · , e−j 2πd

λ (my−1)χuk[n], · · · , e−j 2πd
λ (My−1)χuk[n]

]T
, (7)

where ξuk[n] = cos(ϕuk[n]) sin(θuk[n]) = xua−xk

∥qua[n]−qk∥ and
χuk[n] = sin(ϕuk[n]) sin(θuk[n]) =

yua−yk

∥qua[n]−qk∥ , with ϕuk[n]

and θuk[n] representing the azimuth and elevation angles of
arrival (AoA) for signals from user k to the STAR-RIS.

It is assumed that the BS adopts the uniform linear array
(ULA) with Nt antennas. Given that the BS remains stationary
at a fixed position and has an altitude denoted as zBS, the LoS
channel model is utilized to describe the connection between
the BS and the UAV. This connection HBR[n] ∈ CM×Nt at
the n-th time slot is represented by the following expression:

HBR[n] =

√
ρ

dαBR

BR [n]
ĤBR =

√
ρ

dαBR

BR [n]
aBR
R [n]aHB [n], (8)

where aBR
R [n] and aB[n] respectively represent the beam

steering vectors of the UPA and ULA at the STAR-RIS and
the BS, which are given by

aBR
R [n] =[
1, · · · , e−j 2πd

λ (mx−1)ξBR[n], · · · , e−j 2πd
λ (Mx−1)ξBR[n]

]T⊗[
1, · · · , e−j 2πd

λ (my−1)χBR[n], · · · , e−j 2πd
λ (My−1)χBR[n]

]T
, (9)

aB[n] =[
1, · · · , e−j 2πd

λ (nt−1)γ[n], · · · , e−j 2πd
λ (Nt−1)γ[n]

]T
, (10)

where ξBR[n] = cos(ϕBR[n]) sin(θBR[n]) = xBS−xua[n]
∥qBS[n]−qua∥

and χBR[n] = sin(ϕBR[n]) sin(θBR[n]) = yBS−yua[n]
∥qBS[n]−qua∥ with

ϕBR[n] and θBR[n] representing the azimuth and elevation
angles of departure (AoD) for signals from the STAR-RIS to

the BS. In addition, γ[n] =
√

(yBR−yua)
2+(xBR−xua)

2

∥qBR−qua[n]∥ .
Due to the close proximity between the UAV and the

STAR-RIS, the near-field channel is utilized to represent the
association between the UAV and the STAR-RIS taking into
account the electromagnetic fields’ spherical wave properties.
This near-field channel, denoted as hru, is given by [33].

hru = α ◦ aru ∈ CM×1, (11)

where we have

• α =
[

λ
4πr1

, · · · , λ
4πrm

, · · · , λ
4πrM

]T
,

• aru =
[
e−j

2πr1
λ , · · · , e−j 2πrm

λ , · · · , e−j
2πrM

λ

]T
.

Here, rm is the distance between UAV’s antenna and the m-
th element of the STAR-RIS, ∀m ∈ M , {1, · · · ,M}. The
unchanging nature of the channel hru can be deduced from the
consistent spatial relationship observed between the antenna of
the UAV and the elements of the STAR-RIS.

B. Computation Model

According to the above analysis, when the k-th user is
selected to offload its computing tasks to MEC servers with
the allocated time δtζk[n] in n-th time slot, the SINR at the
BS and the UAV can respectively expressed as

• γBS
k [n] =

pu|wH
k [n]HH

BR[n]UH
r [n]huk[n]|2

pu

K∑
j ̸=k

∣∣wH
k [n]HH

BR[n]U
H
r [n]huj [n]

∣∣2
︸ ︷︷ ︸

Communication Interference

+σ2
BSw

H
k [n]wk[n]

,

• γua
k [n] =

pu|hH
ruUt[n]huk[n]|2

pu

K∑
j ̸=k

∣∣hH
ruUt[n]huj [n]

∣∣2
︸ ︷︷ ︸

Communication Interference

+σ2
u

,

where pu is the unified transmitting power of all users. In ad-
dition, Uε[n] = Diag{

√
β1
ε [n]e

jϕ1
ε[n], · · · ,

√
βm
ε [n]ejϕ

m
ε [n],

· · · ,
√

βM
ε [n]ejϕ

M
ε [n]} with ε ∈ {r, t} respectively represent

the reflection and transmission coefficient matrices for STAR-
RIS, where the amplitude and phase of the STAR-RIS need to
satisfy the constraints: βm

r [n] + βm
t [n] = 1, ϕm

ε [n] ∈ [0, 2π),
∀m ∈ M, n ∈ N . wk[n] ∈ CN×1 is the received beamform-
ing vector at the BS for user k in time slot n. σ2

BS and σ2
u are

the noise power at the BS and the UAV, respectively. It is worth
noting that the signal for task offloading from the k-th user
at the BS experiences interference from the communication
signals of the (K − 1) remaining users.

It is important to highlight that the offloading signal is only
interfered by the communication signals of other users as a
result of employing the TDMA protocol in the process of task
offloading. Hence, the achievable task offloading rates for user
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k to the MEC servers at the BS and UAV in the n-th time slot
can be respectively expressed as

RBS
k [n] = B log2

(
1 + γBS

k [n]
)
, (12)

Rua
k [n] = B log2 (1 + γua

k [n]) , (13)

where B is the available bandwidth of the considered system.
In this paper, it is presumed that users refrain from employ-

ing local computing for tasks given the constraints of limited
resources and the objective of energy conservation. Thus, users
are required to transfer their computational workloads to MEC
servers positioned at the BS and UAV. lBS

k [n] and luak [n] denote
the data volume requiring processing at the BS and the UAV
respectively, for user k during the n-th time slot. Taking into
account the restrictions on achievable offloading rates, the
information-causality constraints are as follows.

• δtζk[n]R
BS
k [n] ≥ lBS

k [n], ∀k ∈ K, n ∈ N ,

• δtζk[n]R
ua
k [n] ≥ luak [n], ∀k ∈ K, n ∈ N .

The frequencies designated by the BS and the UAV for
handling the tasks of the k-th user during the n-th time
slot are respectively represented as fBS

k [n] and fua
k [n]. It is

essential to ensure the proper sequencing of task processing.
We assume that both the BS and the UAV will solely receive
the transferred tasks in the first time slot without carrying
out any calculations. Furthermore, it is assumed that users
will stop offloading their tasks in the final time slot, i.e.,
fua
k [1] = luak [N ] = fBS

k [1] = lBS
k [N ] = 0. The following

information-causality constraints are in place to guarantee that
the tasks delegated by K users can be fully processed within
the designated mission period T , which is given by

K∑
k=1

fBS
k [n] ≤ FBS,

K∑
k=1

fua
k [n] ≤ Fua, ∀n ∈ N , (14)

n∑
i=2

fua
k [i]δt
ϱua

≥
n−1∑
i=1

luak [i], n ∈ N1, (15)

n∑
i=2

fBS
k [i]δt
ϱBS

≥
n−1∑
i=1

lBS
k [i], n ∈ N1, (16)

where FBS and Fua are the maximum CPU frequency offered
by the BS and the UAV, respectively. ϱBS and ϱua denote the
CPU cycles required to process 1-bit data at the BS and the
UAV, respectively. N1 , {2, 3, · · · , N} is a sub-set of N .

Furthermore, let lomin denotes the smallest number of tasks
that should be offloaded by users throughout the entire mission
duration T . This minimum offloading requirement metric is
crucial in assessing the system’s computational capacity to
process computing tasks effectively while maintaining fairness
and equitable distribution among all users. Moreover, to guar-
antee that each user’s minimum computational requirement is
satisfied, the following QoS constraint is considered:

• lomin = mink∈K

(∑N
n=1 l

BS
k [n] + luak [n]

)
≥ Lo,

where Lo denotes the minimum computing tasks that each
user needs to offload.

C. Communication Model

Recall that each user requires the aerial platform assisted by
the STAR-RIS and the UAV to provide two services for them
within a given time slot, i.e., the computing-oriented service
and the communication-oriented service. In particular, when
the k-th user communicates with the BS, the SINR of the
received signal for k-th user at the BS can be expressed as

• γ̃BS
k [n] =

pu|wH
k [n]HH

BR[n]UH
r [n]huk[n]|2

pu

K∑
j ̸=k

∣∣wH
k [n]HH

BR[n]U
H
r [n]huj [n]

∣∣2
︸ ︷︷ ︸

Communication and Offloading Interference

+σ2
BSw

H
k [n]wk[n]

.

Remark 2. The k-th user’s communication signal is inter-
fered by the (K − 2) communication signals and one task of-
floading signal. Considering that the quasi-static channels be-
tween the STAR-RIS and users/BS are unchanged within a time
slot due to each time slot is sufficient small, the same active
beamforming vectors, as well as reflection and transmission
coefficients of the STAR-RIS are employed to support all user’s
transmission of both computing and communication data in the
given time slot. This explains why the expressions for γBS

k [n]
and γ̃BS

k [n] are identical. However, from the perspective of
signal types of interest and interfering signal composition,
γ̃BS
k [n] and γBS

k [n] carry distinct meanings. Hence, we utilize
two symbols to represent them separately. Additionally, due to
the same expression of γBS

k [n] and γ̃BS
k [n], we can leverage

the rate RBS
k [n] to represent the communication rate of the

k-th user in the n-th time slot.

Let lcmin denotes the minimum amount of communication
data that are transmitted by users during the whole mission
period T , which is expressed as

• lcmin = mink∈K
∑N

n=1 δt(1− ζk[n])R
BS
k [n].

Note that lcmin is an important performance indicator to mea-
sure the communication capability of the considered MEC
network taking the fairness among all users into account. To
guarantee that each user’s minimum communication require-
ment is satisfied, the communication QoS constraint lcmin ≥ Lc

will be considered, where Lc is the minimum amount of
communication data required by each user.

III. PROBLEM FORMULATION AND ALGORITHM DESIGN

A. Problem Formulation

The section will present the optimization problem based
on the analysis outlined in Section II. The objective is to
maximize the weighted sum of the minimum offloaded tasks,
denoted as lomin, and the minimum communication data, de-
noted as lcmin, while maintaining the QoS constraints related to
the minimum computational and communication requirements
for each user through jointly optimizing:

• time allocation variable: ζ , {ζk[n], k ∈ K, n ∈ N};
• resource allocation variables: L , {luak [n], lBS

k [n],
fua
k [n], fBS

k [n], k ∈ K, n ∈ N};
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• joint active and passive beamforming variables: W ,
{wk[n], k ∈ K, n ∈ N} and Γ , {Ur[n],Ut[n], k ∈
K, n ∈ N}, respectively;

• UAV trajectory variable: Q , {qua[n], k ∈ K, n ∈ N}.

Then the optimization problem can be formulated as

max
ζ,L,W,Γ,Q

ωol
o
min + ωcl

c
min,

s.t. (1) − (5), (14) − (16), (17a)
δtζk[n]R

ua
k [n] ≥ luak [n], ∀k ∈ K, n ∈ N , (17b)

δtζk[n]R
BS
k [n] ≥ lBS

k [n], ∀k ∈ K, n ∈ N , (17c)
lomin ≥ Lo, l

c
min ≥ Lc, (17d)

fua
k [1] = fBS

k [1] = luak [N ] = lBS
k [N ] = 0,∀k ∈ K,

(17e)
βm
r [n] + βm

t [n] = 1, ∀m ∈ M, n ∈ N , (17f)
βm
r [n], βm

t [n] ∈ (0, 1),∀m ∈ M, n ∈ N , (17g)
ϕm
r [n], ϕm

t [n] ∈ [0, 2π),∀m ∈ M, n ∈ N , (17h)

where ωo+ωc = 1, ωo ∈ (0, 1) and ωc ∈ (0, 1) are the weight-
ed factors that influence the precedence of the computing-
focused and communication-focused services, respectively.
In fact, the optimization problem (17) poses a significant
challenge as it is a non-convex max-min problem, making
it difficult to solve directly using conventional convex opti-
mization algorithms. To address this issue, we first introduce
two auxiliary variables, l̂o and l̂c, in place of lomin and lcmin,
respectively. This substitution allows for the transformation
of the max-min optimization problem into an equivalent max
optimization problem. The transformed optimization problem
can be re-expressed as

max
ζ,L,W,Γ,Q,l̂o,l̂c

ωo l̂o + ωc l̂c,

s.t. (1) − (5), (14) − (16), (17e) − (17h), (18a)
δtζk[n]R

ua
k [n] ≥ luak [n], ∀k ∈ K, n ∈ N , (18b)

δtζk[n]R
BS
k [n] ≥ lBS

k [n], ∀k ∈ K, n ∈ N , (18c)

l̂o ≥ Lo, l̂o ≤
N∑

n=1

luak [n] + lBS
k [n], ∀k ∈ K, (18d)

l̂c ≥ Lc, l̂c ≤
N∑

n=1

δt(1− ζk[n])R
BS
k [n], ∀k ∈ K. (18e)

The transformation of the optimization problem (18) into
a maximization problem has been accomplished; however,
the challenge persists as a non-convex problem due to the
absence of convexity in the constraints (18b), (18c), and (18e).
Additionally, the distinctive amplitude equality constraints in
(17f), induced by the modulation attribute of STAR-RIS for the
incoming signals, further contribute to the non-convexity issue.
To address this challenge, an alternative approach is employed
to decompose the optimization problem (18) into four sub-
problems by alternatively optimizing the variable subsets W,
Ξ1 = {L, ζ, l̂o, l̂c}, Ξ2 = {L,Γ, l̂o, l̂c}, Ξ3 = {L,Q, l̂o, l̂c}.

B. Algorithm Design

1) Design W with the given Ξ1, Ξ3 and Ξ3: Our initial
focus is on optimizing the active beamforming variable W

while considering the specified resource allocation L, time
scheduling ζ, passive beamforming Γ, and UAV trajectory Q.
This allows us to streamline the original optimization problem
(18) as the following form

max
W

N∑
n=1

K∑
k=1

RBS
k [n],

s.t. ∥wk[n]∥ = 1, ∀k ∈ K, n ∈ N . (19a)

Actually, the equation (19) can be segmented into N ×K
independent sub-problems. Consequently, the approach to re-
solving the optimization problem (19) can be seen as ad-
dressing the N × K sub-problems concurrently. In terms of
∀k ∈ K, n ∈ N , the subproblem can be expressed as

max
wk[n]

wH
k [n]Vk[n]wk[n]

wH
k [n]V−k[n]wk[n]

,

s.t. ∥wk[n]∥ = 1, (20a)

where we define

• Vk[n] = puH
H
BR[n]U

H
r [n]huk[n](H

H
BR[n]U

H
r [n]huk[n])

H ;

• V−k[n] = σ2
BSINt + pu

∑K
j ̸=k H

H
BR[n]U

H
r [n]huj [n]×

(HH
BR[n]U

H
r [n]huj [n])

H .

Note that, the closed-form solution for the subproblem (20)
can be derived utilizing Theorem 1.

Theorem 1. It is easy to demonstrate that subproblem (20)
is a generalized Rayleigh quotient problem [34]. Thus, the
optimal solution of the problem (20) can be derived as

wopt
k [n] =

C−H [n]w̃opt
k [n]∥∥C−H [n]w̃opt
k [n]

∥∥ , (21)

where matrix C[n] is the Cholesky deposition of V−k[n],
w̃opt

k [n] = eigvector
{
max

{
eig
{
C−1[n]Vk[n]C

−H [n]
}}}

.

Proof: The proof of Theorem 1 is in Appendix A.

2) Design Ξ1 with the given W, Υ and Q: After obtaining
W, we focus on designing the time scheduling variable ζ and
resource allocation variable L with the given Γ and Q. In
particular, the optimization problem associated with Ξ1 can
be formulated as follows:

max
Ξ1

ωo l̂o + ωc l̂c,

s.t. (1), (2), (14) − (16), (17e), (22a)
δtζk[n]R

ua
k [n] ≥ luak [n], ∀k ∈ K, n ∈ N , (22b)

δtζk[n]R
BS
k [n] ≥ lBS

k [n], ∀k ∈ K, n ∈ N , (22c)

l̂o ≥ Lo, l̂o ≤
N∑

n=1

luak [n] + lBS
k [n], ∀k ∈ K, (22d)

l̂c ≥ Lc, l̂c ≤
N∑

n=1

δt(1− ζk[n])R
BS
k [n], ∀k ∈ K.

(22e)

It is worth noting that the optimization problem (22) is a
conventional linear programming problem, indicating that the
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existing convex optimization tools such as the CVX solver can
be effectively utilized to address this issue.

3) Design Ξ2 with the given W, ζ and Q: Next, we
prioritize the design of Γ based on the provided parameters,
i.e., W, ζ and Q. In particular, the optimization issue related
to Ξ2 can be formulated as:

max
Ξ2

ωo l̂o + ωc l̂c,

s.t. (14) − (16), (17e) − (17h), (23a)
δtζk[n]R

ua
k [n] ≥ luak [n], ∀k ∈ K, n ∈ N , (23b)

δtζk[n]R
BS
k [n] ≥ lBS

k [n], ∀k ∈ K, n ∈ N , (23c)

l̂o ≥ Lo, l̂o ≤
N∑

n=1

luak [n] + lBS
k [n], ∀k ∈ K, (23d)

l̂c ≥ Lc, l̂c ≤
N∑

n=1

δt(1− ζk[n])R
BS
k [n], ∀k ∈ K.

(23e)

Actually, the main challenge of solving the optimization prob-
lem (23) lies in the equality constraints involving amplitude
coefficients in constraint (17f). These amplitude coefficients
are coupled with phase shifts, making it difficult to solve the
amplitude coefficients individually. This undeniably increases
the complexity of the problem, rendering the common algo-
rithms such as maximum mean-square error (MMSE) chal-
lenging to apply directly. To handle this challenge, we leverage
the SDR method [35]. Specifically, let Yr[n] = uru

H
r and

Yt[n] = utu
H
t , where ur = diag(Ur) and ut = diag(Ut).

Hence, the optimization problem (23) can be transformed as

max
L,Yr[n],Yt[n]

ωo l̂o + ωc l̂c,

s.t. (14) − (16), (17e), (24a)
δtζk[n]R

ua
k [n] ≥ luak [n], ∀k ∈ K, n ∈ N , (24b)

δtζk[n]R
BS
k [n] ≥ lBS

k [n], ∀k ∈ K, n ∈ N , (24c)

l̂o ≥ Lo, l̂o ≤
N∑

n=1

luak [n] + lBS
k [n], ∀k ∈ K, (24d)

l̂c ≥ Lc, l̂c ≤
N∑

n=1

δt(1− ζk[n])R
BS
k [n], ∀k ∈ K, (24e)

diag(Yr[n]) + diag(Yt[n]) = IM , ∀n ∈ N , (24f)
Yr[n] ≽ 0,Yt[n] ≽ 0, ∀n ∈ N , (24g)
rank(Yr[n]) = rank(Yt[n]) = 1, ∀n ∈ N , (24h)

where, RBS
k [n] and Rua

k [n] can be re-expressed as

RBS
k [n] =

B log2

( Tr
(
Yr[n](G

T
k [n] ◦D[n])

)
+ σ2

BS ∥wk∥2

Tr
(
Yr[n](GT

k [n] ◦ D̃k[n])
)
+ σ2

BS ∥wk∥2
)
, (25)

Rua
k [n] = B log2

( Tr
(
Yt[n]

(
FT ◦D[n]

))
+ σ2

ua

Tr
(
Yt[n]

(
FT ◦ D̃k[n]

))
+ σ2

ua

)
, (26)

with

• Gk[n] = HBR[n]wk[n]w
H
k [n]HH

BR[n],

• D[n] = puHus[n]H
H
us[n],

• D̃k[n] = puHus[n]A−kH
H
us[n],

• Hus[n] =
[
hu1[n], · · · ,huk[n], · · · ,huK [n]

]
,

• A−k = E−kE
T
−k, F = hruh

H
ru.

It is worth noting that with the assistance of the SDR method,
we can transform the complex equality constraints into convex,
i.e., (24f), with respect to (w.r.t.) the variables Yr[n] and
Yt[n], allowing a holistic solution to be obtained for the
reflection and transmission coefficients. Furthermore, the SDR
method simplifies the complex achievable rate functions into
relatively simpler forms w.r.t. Yr[n] and Yt[n].

In fact, the problem (24) is still a non-convex optimization
problem, due to the fact that RBS

k [n] and Rua
k [n] are respective-

ly non-convex function w.r.t. Yr[n] and Yt[n], and the non-
convex rank-one constraints in (24h). To address this problem,
we first employ the simple successive convex approximation
(SCA) technique, i.e., first-order Taylor expansion, to derive
the concave lower bound of RBS

k [n] and Rua
k [n] in the (i+1)-th

inner loop iteration of the proposed iterative algorithm. And
their lower bounds will be leveraged to replace themselves
to obtain an approximately convex optimization problem. The
lower bounds can be derived as

RBS
k [n] ≥ R̃BS

k [n] = −f̂1
(
Y(i)

r [n],Yr[n]
)
+

log2
(
Tr
(
Yr[n](G

T
k [n] ◦D[n])

)
+ σ2

BS ∥wk∥2
)
, (27)

Rua
k [n] ≥ R̃ua

k [n] = −f̂2
(
Y

(i)
t [n],Yt[n]

)
+

log2
(
Tr
(
Yt[n](F

T ◦D[n])
)
+ σ2

ua

)
, (28)

where the expression of f̂1 and f̂2 are respectively given in
(29) and (30), which are shown at the top of the next page.

Then, we employ an equivalent form of the rank-one
constraints [24] to replace them, which can be expressed as

rank(Yϵ[n]) = 1 ⇔ Tr(Yϵ[n])− ∥Yϵ[n]∥2 = 0. (31)

It is important to note that the equivalent form of the rank-
one constraint is a non-convex constraint. Additionally, for any
positive semidefinite matrix Z, µ(Z) = Tr(Z) − ∥Z∥2 ≥ 0
always holds and the equality is satisfied if and only if
rank(Z) = 1. Thus, we transform the equality constraint
into the penalty term subtracted by the objective function
based on the non-negative characteristic of µ and devise an
inner loop iteration to iteratively enforce the penalty term
towards zero. Note that the function µ(Z) is a concave function
w.r.t. Z due to the convex spectral norm ∥Z∥2, which makes
the optimization problem with penalty term is a non-convex
problem. In order to handle this problem, the linear lower
bound of the spectral norm is utilized to replace itself. The
expression for the upper bound of the penalty term µ(Yς [n])
in the (i+ 1)-th iteration of the inner loop can be given as:

µ(Yϵ[n]) ≤ µ̂ϵ(Yϵ[n],Y
(i)
ϵ [n]) = Tr(Yϵ[n])−

(∥∥∥Y(i)
ϵ [n]

∥∥∥
2

+Tr(y(i)
ϵ [n](y(i)

ϵ [n])H)(Yϵ −Y(i)
ϵ [n])

)
, ∀n ∈ N , (32)

where y
(i)
ϵ [n] denotes the eigenvector associated with the

largest eigenvalue of Y(i)
ϵ [n].
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f̂1
(
Y(i)

r [n],Yr[n]
)
= B

(Tr (Yr[n](G
T
k [n] ◦ D̃k[n])

)
− Tr

(
Y

(i)
r [n](GT

k [n] ◦ D̃k[n])
)

ln2
(
Tr
(
Y

(i)
r [n](GT

k [n] ◦ D̃k[n])
)
+ σ2

BS ∥wk∥2
) +

log2
(
Tr
(
Y(i)

r [n](GT
k [n] ◦ D̃k[n])

)
+ σ2

BS ∥wk∥2
))

, (29)

f̂2
(
Y(i)

r [n],Yr[n]
)
= B

(Tr (Yt[n]
(
FT ◦ D̃k[n]

))
− Tr

(
Y

(i)
t [n]

(
FT ◦ D̃k[n]

))
ln2
(
Tr
(
Y

(i)
t [n]

(
FT ◦ D̃k[n]

))
+ σ2

ua

) +

log2
(
Tr
(
Y

(i)
t [n]

(
FT ◦ D̃k[n]

))
+ σ2

ua

))
. (30)

Consequently, the optimization problem (24) in the (i+1)-th
innerloop iteration can be expressed as the following problem:

max
L,Yr[n],Yt[n]

ωo l̂o + ωc l̂c −
N∑

n=1

(ϱrµ̂r(Yr[n],Y
(i)
r [n])

+ ϱtµ̂t(Yt[n],Y
(i)
t [n])),

s.t. (14) − (16), (17e), (33a)

δtζk[n]R̃
ua
k [n] ≥ luak [n], ∀k ∈ K, n ∈ N , (33b)

δtζk[n]R̃
BS
k [n] ≥ lBS

k [n], ∀k ∈ K, n ∈ N , (33c)

l̂o ≥ Lo, l̂o ≤
N∑

n=1

luak [n] + lBS
k [n], ∀k ∈ K, (33d)

l̂c ≥ Lc, l̂c ≤
N∑

n=1

δt(1− ζk[n])R̃
BS
k [n], ∀k ∈ K, (33e)

diag(Yr[n]) + diag(Yt[n]) = IM , ∀n ∈ N , (33f)
Yr[n] ≽ 0, Yt[n] ≽ 0, ∀n ∈ N , (33g)

where ϱr and ϱt are the penalty coefficients for the rank-one
constraints. During the optimization process, we progressively
increase the values of ϱr > 0 and ϱt > 0 to compel
µ̂(Yr[n],Y

(i)
r [n]) and µ̂(Yt[n],Y

(i)
t [n]) towards zero, thereby

achieving the rank-one resolution.
Note that the problem (33) is a conventional convex

semidefinite programming (SDP) that can be efficiently re-
solved with the use of CVX.

4) Design Ξ3 with the given W, ζ and Γ: We then shift
our attention to designing Q using the optimized W, ζ, and
Γ. More specifically, the optimization problem associated with
Ξ3 can be formulated as:
max
Ξ3

ωo l̂o + ωc l̂c,

s.t. (3) − (5), (14) − (16), (17e), (34a)
δtζk[n]R

ua
k [n] ≥ luak [n], ∀k ∈ K, n ∈ N , (34b)

δtζk[n]R
BS
k [n] ≥ lBS

k [n], ∀k ∈ K, n ∈ N , (34c)

l̂o ≥ Lo, l̂o ≤
N∑

n=1

luak [n] + lBS
k [n], ∀k ∈ K, (34d)

l̂c ≥ Lc, l̂c ≤
N∑

n=1

δt(1− ζk[n])R
BS
k [n], ∀k ∈ K. (34e)

Actually, due to the fact that RBS
k [n] and Rua

k [n] are the non-
convex function w.r.t. UAV’s trajectory variable Q and Q is
strongly coupled with channel, it is challenging to tackle this
optimization problem. To address this challenge, we initially

introduce the appropriate auxiliary variables λk[n] and λ̃[n]
with λk[n] =

1
∥qua[n]−qk∥αuk and λ̃[n] = ∥qua[n]− qBS∥αBR

to restructure the expressions of the communication rates. In
particular, Rua

k [n] and RBS
k [n] can be re-written as

Rua
k [n] = log2

(
aT [n]λ[n] + σ2

ua

aT [n]A−kλ[n] + σ2
ua

)
, (35)

RBS
k [n] = log2

(
bT
k λ[n] + ∥wk∥2 σ2

BSλ̃[n]

bT
kA−kλ[n] + ∥wk∥2 σ2

BSλ̃[n]

)
, (36)

where

• a[n] = puρ
[ ∣∣∣hH

ruUt[n]ĥu1[n]
∣∣∣2 , · · · , ∣∣∣hH

ruUt[n]ĥuk[n]
∣∣∣2 ,

· · · ,
∣∣∣hH

ruUt[n]ĥuK [n]
∣∣∣2 ]T ;

• bk[n] = puρ
2
[ ∣∣∣wH

k [n]ĤH
BR[n]U

H
r [n]ĥu1[n]

∣∣∣2 ,
· · · ,

∣∣∣wH
k [n]ĤH

BR[n]U
H
r [n]ĥuk[n]

∣∣∣2 , · · · ,∣∣∣wH
k [n]ĤH

BR[n]U
H
r [n]ĥuK [n]

∣∣∣2 ]T ;

• λ[n] = {λ1[n], · · · , λk[n], · · · , λK [n]}.

Note that with the help of these auxiliary variables, we can
effectively decouple the UAV position variables that originally
intertwined in the channel and separate the UAV position
variables from the communication rate expressions, effectively
streamlining the optimization process.

Then, introducing the variables g1[n], g2,k[n], g̃1,k[n] and
g̃2,k[n], which satisfy the following constraints:

g1[n] ≤ aT [n]λ[n] + σ2
ua, ∀n ∈ N , (37)

g2,k[n] ≥ aT [n]A−kλ[n] + σ2
ua, ∀k ∈ K, n ∈ N , (38)

g̃1,k[n] ≤ bT
k λ[n] + ∥wk∥2 σ2

BSλ̃[n], ∀k ∈ K, n ∈ N , (39)

g̃2,k[n] ≥ bT
kA−kλ[n] + ∥wk∥2 σ2

BSλ̃[n], ∀k ∈ K, n ∈ N .
(40)

Consequently, we can obtain the lower bounds of Rua
k [n]

and RBS
k [n] in the (l + 1)-th outer loop iteration, which are

respectively given by

• Rua
k [n] ≥ log2

(
g1[n]
g2,k[n]

)
≥ log2 (g1[n])−(

log2

(
g
(l)
2,k[n]

)
+

g2,k[n]−g
(l)
2,k[n]

g
(l)
2,k[n] ln 2

)
= R̂ua

k ,

• RBS
k [n] ≥ log2

(
g̃1,k[n]
g̃2,k[n]

)
≥ log2 (g̃1,k[n])−(

log2

(
g
(l)
2,k[n]

)
+

g̃2,k[n]−g̃
(l)
2,k[n]

g̃
(l)
2,k[n] ln 2

)
= R̂BS

k .
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In terms of the non-convex equality constraints λk[n] =
1

∥qua[n]−qk∥αuk and λ̃[n] = ∥qua[n]− qBS∥αBR , we equiva-
lently reformulate them as

λk[n] ≤
1

∥qua[n]− qk∥αuk
, (41)

λk[n] ≥
1

∥qua[n]− qk∥αuk
, (42)

λ̃[n] ≤ ∥qua[n]− qBS∥αBR , (43)

λ̃[n] ≥ ∥qua[n]− qBS∥αBR . (44)

Note that (41), (42) and (43) are still non-convex constraints.
To handle these non-convex constraints, the first-order Taylor
expansion is adopted to respectively transform them as

∥qua[n]− qk∥αua ≤ 1

λ
(l)
k [n]

−
λk[n]− λ

(l)
k [n]

(λ
(l)
k [n])2

, (45)

1

λk[n]
≤
∥∥∥q(l)

ua [n]− qk

∥∥∥αua

+ αua

(
q(l)
ua [n]− qk

)T
(
qua[n]− q(l)

ua [n]
)∥∥∥q(l)

ua [n]− qk

∥∥∥αua−2

, (46)

λ̃[n] ≤
∥∥∥q(l)

ua [n]− qBS

∥∥∥αBS

+ αBS

(
q(l)
ua [n]− qBS

)T
(
qua[n]− q(l)

ua [n]
)∥∥∥q(l)

ua [n]− qBS

∥∥∥αBS−2

. (47)

Consequently, the optimization problem described in e-
quation (34) during the (l + 1)-th iteration of the proposed
algorithm can be further transformed as the following convex
optimization problem:

max
Ξ

ωo l̂o + ωc l̂c,

s.t. (3) − (5), (14) − (16), (17e), (37) − (40), (44) − (47),
(48a)

δtζk[n]R̂
ua
k ≥ luak [n], ∀k ∈ K, n ∈ N , (48b)

δtζk[n]R̂
BS
k ≥ lBS

k [n], ∀k ∈ K, n ∈ N , (48c)

l̂o ≥ Lo, l̂o ≤
N∑

n=1

luak [n] + lBS
k [n], ∀k ∈ K, (48d)

l̂c ≥ Lc, l̂c ≤
N∑

n=1

δt(1− ζk[n])R̂
BS
k [n], ∀k ∈ K, (48e)

where Ξ = {Ξ3, g1[n], g2,k[n], g̃1,k[n], g̃2,k[n], λk[n], λ̃[n],
k ∈ K, n ∈ N}. This convex optimization problem can be
directly solved by leveraging CVX.

C. Designed Algorithm & Analysis on Computational Com-
plexity and Convergence

In this section, the comprehensive examination of the itera-
tive algorithm designed to address the STOC problem with
the support of STAR-RIS and UAV is outlined in detail.
Specifically, the proposed optimization algorithm is outlined as
Algorithm 1, which is a two-tier iterative approach. Within this
framework, the inner loop functions to progressively elevate
the penalty factors in order to attain rank-one solutions within
the third subproblem. Additionally, the parameter ṽ represents
the state of fulfilling the rank-one constraints. Specifically,

when ṽ dips below a predetermined threshold ε̃, the inner loop
will reach convergence, resulting in the acquisition of the rank-
one solutions. Convergence is reached when the discrepancy
in the objective function value between consecutive iterations,
denoted as v, falls below the predefined threshold ε. The
scaling factors ξ̃1 > 0 and ξ̃2 > 0 correspond to the penalty
coefficients used in the process.

Algorithm 1: Algorithm for STOC Optimization Problem
Supported by STAR-RIS and UAV (17)

1: Initialize: Feasible point
(
W(0),L(0,0), ζ(0),Γ(0,0),

Q(0)
)
; Define the tolerance accuracy thresholds ε and ε̃;

Set the outer iteration index l = 0.
2: While v > ε or l = 0 do
3: Solve the subproblem (19) with given

(
ζ(l),Γ(l,0),Q(l)

,L(l,0)
)
; Update W(l+1) with the obtained solutions.

4: Solve the subproblem (22) with given
(
W(l+1),Γ(l,0),

Q(l)
)
; Update ζ(l+1) and L(l+1,0) with the obtained

solutions.
5: While ṽ > ε̃ or i = 0 do
6: Solve the optimization problem (23) with the given(

W(l+1), ζ(l+1),Q(l+1)
)
; Update Γ(l,i+1) and

L(l+1,i+1) with the obtained solutions.
7: Calculate ṽ = max{µ̂r, µ̂t} based on the acquired

solution; Update the penalty coefficients ϱ
(i+1)
r =

ξ̃1ϱ
(i)
r , ϱ(i+1)

t = ξ̃2ϱ
(i)
t ; Let i = i+ 1.

8: end while
9: Update (Γ(l+1,0),L(l+1,0)) with (Γ(l,i),L(l+1,i)).
10: Solve the optimization problem (34) with the given(

W(l+1), ζ(l+1),Γ(l+1,0),Q(l)
)
; Update Q(l+1) and

L(l+1,0) with the obtained solutions.

11: Calculate the objective value R
(l+1)

= ωo l̂o + ωc l̂c

and update v =
∣∣∣R(l+1) −R

(l)
∣∣∣ based the obtained

solutions; Let l = l + 1.
12: end while
13: Output the optimal

(
W,L, ζ,Γ,Q

)
.

Next, the analysis of the computing complexity for the
proposed algorithm is presented. It is worth noting that the
interior point method is utilized to tackle the divided sub-
problems. In particular, the primary computing complexity
of the proposed iterative algorithm arises from addressing
subproblems (22), (23) and (34). For the second subproblem,
it is a standard linear programming problem. Hence, the
computing complexity solving this problem can be expressed
as O1 = O(L(5KN)3.5), where L denotes the total iteration
number of the proposed algorithm. In terms of the the non-
convex subproblem (23), it is transformed into a SDP opti-
mization problem, i.e., (33). To obtain the rank-one solutions,
a inner loop iteration is employed. Thus, the computing
complexity of solving this SDP problem can be expressed
as O2 = O(LL1(4KN + 2NM2)3.5), where L1 represents
the iteration number of the inner loop. The non-convex sub-
problem (34) is converted into a convex optimization problem
(48) by using SCA technology. The computational complexity
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associated with solving this problem is primarily characterized
by O3 = O(L(8KN + 2N)3.5). Consequently, the total
computational complexity is given by O = O1 + O2 + O3.
According to the obtained analysis results, it is observed
that the main computational challenge is associated with
the passive beamforming design, and the overall computing
complexity of the proposed algorithm is influenced by the
number of sub-time slots (N ) and the quantity of elements
deployed at STAR-RIS (M ).

Considering the utilization of the alternative strategy, the
proposed iterative algorithm can ensure that every iteration
yields a solution at least not worse than the previous one,
leading to a monotonically non-decreasing objective function
value versus the iterations. Hence, the convergence of the
proposed algorithm can always be guaranteed. In addition,
the proposed optimization problem is carefully formulated to
address the key challenges in UAV-enabled STAR-RIS-aided
communication networks, including inter-user interference,
diverse QoS requirements, varying service demands, and the
priority and fairness of users’ service needs. By incorporating
these factors, the optimization problem not only ensures a high
level of practicality but also demonstrates adaptability to a
wide range of real-world scenarios. This formulation provides
a valuable reference for the development of optimization
models tailored to UAV-assisted communication networks, en-
abling the accommodation of diverse service requirements and
efficient resource management. Consequently, the proposed
algorithm for solving this optimization problem is both scal-
able and adaptable. It is particularly effective in environments
where multiple users require simultaneous support for diverse
services, such as communication-centric and computation-
centric tasks, under varying resource constraints.

IV. NUMERICAL SIMULATION

To evaluate the effectiveness of the proposed STOC scheme,
assisted by STAR-RIS and UAV, alongside the proposed
iterative algorithm, we give the numerical simulation results
and conduct the comparison analysis with three benchmark
schemes, including: 1) RIS-aided scheme: To obtain the
full space coverage,two neighbouring traditional RISs are
employed in this scheme, each equipped with half the total
elements, one dedicated to reflection and the other to trans-
mission, acting as a replacement for the STAR-RIS system.
2) Without trajectory optimization scheme: We concentrate
on formulating the time scheduling variable ζ, resources
allocation variable L, passive beamforming variable Γ, and
UAV trajectory variable Q, while assuming a constant speed
for the UAV flying straightly from the initial point to the
final point. 3) Equal slot partition scheme: In this scheme,
each time slot in this system is segmented into K uniform
partitions, and each partition is designated for one of K
users to offload their computational tasks. 4) Uniform energy
splitting scheme: This scheme assumes that all elements
equipped at the STAR-RIS employ the same amplitude co-
efficients for transmission and reflection, respectively, i.e.,
βm
r [n] = βm

t [n] = 0.5, ∀m ∈ M, n ∈ N . 5) MRT scheme:
In this case, the active beamforming {wk}Kk=1 are designed

utilizing the maximum ratio transmission (MRT) algorithm.
Additionally, we list the parameters’ values associated with
the simulations in Table I.

TABLE I
PARAMETERS SETTING

Parameters Symbol and Value
Altitude of UAV H = 20 m

Bandwidth B = 1 MHz

BS position qBS = [−100, 0, 10]T m

Carrier frequency fc = 2.4 GHz

Effective capacitance coefficient
of MEC servers ιua = ιBS = 10−27

Initial/final point of UAV
trajectory

qI = [0, 100, 20]T m,
qF = [0,−100, 20]T m

Maximum flight velocity and
acceleration of UAV

vmax = 30 m/s, amax = 50
m/s2

Maximum CPU frequency FBS = 20 GHz, Fua = 6 GHz

Noise power σ2
ua = σ2

BS = −100 dBm

Pass loss exponent αuk = 2.6, αBR = 2.1

Rician factor β = 20 dB

Scaling factor ξ̃1 = ξ̃2 = 10

CPU cycles required to process 1
bit of data ϱua = ϱBS = 103 cycles/bit

Time slot δt = 0.3 s

Transmitting power at users pu = 20 dBm

Tolerance accuracy thresholds ε = ε̃ = 10−3

Fig. 3. Weighted sum versus iterations

First, we show the convergence curves of the proposed
algorithm taking account of different number of elements (M )
and time slots (N ), as well as different QoS requirements
(Lo and Lc), as shown in Fig. 3. In particular, it is observed
that the weighted sum steadily rises with each iteration,
ultimately reaching a stable value. This illustrates the reliable
convergence of the proposed iterative algorithm. Generally, the
algorithm under consideration consistently demonstrates the
ability to swiftly attain a significantly high objective function
value as the iteration proceeds, and gradually approaching
stable values after several iterations across all scenarios.

Fig. 4 illustrates the trajectory of the UAV while taking
into account various QoS requirements related to the minimal
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User 1

User 2

User 3

User 4

Fig. 4. UAV trajectory with M = 50, N = 50, Nt = 6, ωo = ωc = 0.5,
as well as the different Lo and Lc.

quantities of offloaded data and communicational data, i.e.,
Lo and Lc. In particular, the UAV will strive to approach each
user when there is a significant need for task offloading but
a small communication requirement for each user, aiming to
establish an efficient communication channel to enhance the
task offloading rate from users to the MEC server onboard
the UAV. Note that, although the UAV’s attempt to reach each
user may result in an increased distance between the UAV and
the BS, hindering the enhancement of users’ communication
capabilities, it can still effectively meet the minimal commu-
nication needs. Given that users transmit their data to the BS
via the reflective capabilities of the STAR-RIS deployed on
the UAV, the transmitted signal is subject to significant path
loss prior to reaching the BS. To meet the growing demands
of communications, the UAV try to select an optimized flying
path between users and the BS so as to enhance the quality
of the effective communication channels, thereby boosting
the communication rates while fulfilling the task offloading
necessities of multiple users.

The altered correlation of the weighted sum between lomin

and lcmin with the number of elements deployed at the STAR-
RIS can be observed in Fig. 5. Based on the simulation
findings, it is evident that the weight sum of the computing
and communication data increases progressively as M grows
across all scenarios. This phenomenon can be attributed to the
fact that a larger number of elements offer greater flexibility
to reconfigure the propagation environment. Nevertheless, the
rate of this increase falls as the number of elements integrated
at the STAR-RIS rises, which is due to the limitation of the
system setting. It is important to highlight that the proposed
MEC scheme exhibits superior performance gain compared
to five other benchmark MEC schemes. The reasons can be
concluded as: (i) Compared with the proposed MEC scheme,
the scheme without trajectory optimization fails to obtain
the performance gain brought by the fact that the UAV
can optimize its trajectory to improve the channel condition
between the UAV and users or the BS. (ii) The superior
performance improvement of the suggested MEC scheme

over the conventional RIS-assisted scheme is attributed to
the enhanced regulatory capabilities of the STAR-RIS. Unlike
the traditional RIS, the STAR-RIS can effectively modify the
phases and amplitudes of the incident signals, thus leading
to a more flexible and efficient operation. This also presents
a huge application potential of the STAR-RIS in wireless
communication systems. (iii) The MEC scheme employing
uniform time slot partition demonstrates the least improvement
in performance when contrasted with other MEC schemes,
since this time scheduling will result in users experiencing
high channel quality being unable to be allocated additional
time for task offloading, indicating the importance of the
reasonable time allocation. (iv) The uniform energy division
structure constrains the modulation capabilities of the STAR-
RIS, preventing it from effectively allocating signal energy
according to the transmission conditions. (v) The MRT scheme
designs the active beamforming variables by maximizing the
energy of the desired signal but overlooks the interference
among users. In contrast, the proposed scheme comprehen-
sively considers both enhancing the desired signal’s energy
and suppressing interference among users.

70 80

12

13

14

Fig. 5. Weight sum between lomin and lcmin versus the number of elements
equipped at the STAR-RIS with N = 50, Nt = 6, Lo = 5 Mbits, Lc = 2
Mbits and ωo = ωc =0.5.

Fig. 6. Weight sum between lomin and lcmin versus the number of antennas Nt

with M = 50, N = 50, Lo = 5 Mbits, Lc = 2 Mbits and ωo = ωc = 0.5.

Then, we investigate the influence of the number of anten-
nas, i.e., Nt, on the weighted sum of the minimum compu-
tational task and minimum communication data among users
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taking into amount M = 50, N = 50, Lo = 5 Mbits, Lc = 2
Mbits and ωo = ωc = 0.5, as shown in Fig. 6. Specifically, it is
observed that the performance of all schemes improves as the
value of Nt rises, although the overall effect on performance
gain is modest. The rationale behind this phenomenon lies
in the observation that augmenting the quantity of antennas
yields only a limited enhancement in the spatial multiplexing
degrees of freedom. Similarly, the suggested MEC scheme
continues to demonstrate the most significant performance im-
provement, whereas the equal time slot partition scheme shows
the least improvement, falling short of half the performance
gain attained by the proposed scheme. It is worth noting that
there is a growing performance gap between the traditional
RIS-aided scheme and the proposed scheme as the number of
antennas increases, which further demonstrates the superiority
of the STAR-RIS in assisting the STOC. Furthermore, the
uniform energy splitting scheme shows a slight performance
advantage over the traditional RIS-aided scheme, indicating
the significance of simultaneously transmitting and reflecting
phase design for each element.

Fig. 7. Weight sum between lomin and lcmin versus the number of time slot N
with M = 50, Nt = 6, Lo = 5 Mbits, Lc = 2 Mbits, and ωo = ωc = 0.5.

The impact of the quantity of time slots on the weighted
sum between lomin and lcmin is investigated in Fig. 7 using
the specified parameters: M = 50, Nt = 6, Lo = 5 Mbits,
Lc = 2 Mbits, and ωo = ωc = 0.5. Similarly, as the value of
N increases, all schemes demonstrate a consistent rise with a
diminished rate of growth, which is because users are allocated
more time to offload their tasks and transmit their information
to the BS. Furthermore, the proposed scheme achieves the
highest performance gain, while the scheme with the equal
time slot partition still provides the lowest performance gain
for the considered MEC network. Note that there is an increas-
ing disparity in performance between the suggested scheme
and the scheme lacking trajectory optimization, which is due
to the fact that the UAV has more sufficient time to refine its
position, ensuring a superior channel connection with users
or the BS. As a result, the computational and communication
capabilities of the MEC system will experience enhancement.

The investigation in Fig. 8 explores the correlation between
Lo
min and Lc under the parameters M = 50, N = 70, Nt = 6,

Lo = 1 Mbits, and ωo = ωc = 0.5. It is observed that the

Fig. 8. The minimum computing data Lo
min versus the minimum commu-

nication requirement Lc with M = 50, N = 70, Nt = 6, Lo = 1 Mbits
and ωo = ωc = 0.5.

computational capacity of the MEC system under considera-
tion is declining as the demand from users for communication
services continues to rise for all MEC schemes. Specifically,
the computational capabilities of the proposed scheme, the
RIS-aided scheme, the uniform energy splitting scheme and
MRT scheme all show a gradual decline as Lc increases, in
contrast to the scheme without UAV trajectory optimization
and equal time slot partition scheme, which both demonstrate
a steep decrease. This result indicates that the optimization
of the UAV trajectory and the reasonable time allocation play
the critical roles in enhancing trade-off ability between the
computation-oriented service and the communication-oriented
service. Similarly, The performance improvement achieved
through the proposed MEC scheme surpasses that of the other
five baseline schemes.

Fig. 9. Objective function, lomin and lcmin versus weight factor ωc with
Lo = 10 Mbits, Lc = 5 Mbits, and different number of elements deployed
at the STAR-RIS, i.e., M and the time slots, i.e., N .

Fig. 9 illustrates the varied correlation of the weighted sum
of lomin and lcmin, the minimum amount of the computing
data, i.e., lomin, as well as the minimum amount of the
communicational data, i.e., lcmin with the weight factor ωc con-
sidering different M and N . Specifically, the simulation results
indicate a notable reduction in the minimum computational
task for users as the weight factor linked to communication-
oriented services increases in the analysed scenarios, whereas
lmin
c demonstrates an ascending trend. This phenomenon is

coordinated with the fact that the signals of the tasks offloading
and the signals of the transmitting message share the same
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spectral resources in the considered system. Consequently,
as the priority of communication-oriented services elevates,
the system will intensify its focus on improving users’ com-
munication services and reduce the computational ability of
the system. Furthermore, while lomin and lcmin demonstrate
opposing trends in relation to the increase of ωc, the objective
function undergoes a significant decline. The reason for this
occurrence is due to the signals’ dual-path loss experienced
during information transmission before reaching the BS. Con-
sequently, the potential for enhancing communication-focused
services is severely restricted, and a modest slight progress
may sacrifice more computing power.

V. CONCLUSION AND PROSPECT

In this paper, we initially propose a novel MEC scheme
supported by STAR-RIS and UAV, which takes account of the
co-existence of the computation-oriented and communication-
oriented services in networks. Specifically, thanks to its full-
space modulation capability of the STAR-RIS, the horizontally
mounted STAR-RIS allows users to simultaneously offload
their computing tasks to the MEC servers situated at the
BS and the UAV, which can effectively tackle the chal-
lenges faced by many exiting MEC schemes. Additionally,
users requiring communication-oriented services in wireless
networks can benefit from STAR-RIS’s reflective modulation
capability to enhance their communication experience. Unlike
existing MEC schemes, the proposed approach simultaneously
leverages the QoS requirements of both computation-oriented
and communication-oriented services to comprehensively eval-
uate the performance of MEC networks, providing a feasible
and realistic solution for implementing STOC in practical
MEC networks. To evaluate the effectiveness of the proposed
MEC scheme, an optimization problem is formulated with the
objective of maximizing the weighted sum of the minimum
computing data and the communication data among users,
while ensuring the QoS constraints. To effectively address this
non-convex problem, an iterative algorithm based on the SDR
method and SCA technique is designed. The effectiveness for
performance enhancement of the proposed MEC scheme and
the developed optimization algorithm are assessed through
numerical simulations in comparison with five benchmarks,
including the traditional RIS-assisted scheme.

This paper provides an initial contribution to the field of
aerial STAR-RIS-assisted MEC scheme for STOC. For future
works, several pertinent potential use cases can be recognized:
(i) Industrial IoT applications: The proposed aerial STAR-
RIS-assisted MEC scheme enables efficient data offloading
from numerous sensor nodes to edge servers for real-time
processing, leveraging its bi-directional task offloading capa-
bility. (ii) Disaster recovery and remote communication:
The aerial STAR-RIS model can enhance the network cov-
erage, spectral efficiency, and system capacity in remote or
disaster-affected areas, providing stable communications for
rescue operations. (iii) Multi-Service integration: This work
establishes a foundation for future communication networks
supporting the coexistence of diverse services, offering scal-
able and practical solutions. Additionally, this study focuses

on the energy splitting protocol of STAR-RIS, and single UAV
system. It is meaningful to explore the mode selection and time
switching protocols for STAR-RIS as well as multiple aerial
STAR-RIS-supported communication scenarios in future. Fur-
thermore, incorporating the sensing-oriented service into the
proposed MEC scheme and considering more practical discrete
phase-shifts are important topics for future investigations.

APPENDIX A
PROOF OF THEOREM 1

Firstly, the Cholesky deposition is leveraged to depose V−k

as V−k[n] = C[n]CH [n], let w̃k[n] = CH [n]wk[n]. The
equivalent optimization problem for (20) without constraint
can be transformed as

max
w̃k[n]

w̃H
k [n]C−1[n]Vk[n]C

−H [n]w̃k[n]

s.t. w̃H
k [n]w̃k[n] = c, (49a)

where c > 0 is a constant.
Actually, this problem can be easily solved using the La-

grange multiplier. Specifically, the Lagrange function of the
optimization problem (49) can be expressed as

L(w̃k[n], λ̂) =− w̃H
k [n]C−1[n]Vk[n]C

−H [n]w̃k[n]+

λ̂(w̃H
k [n]w̃k[n]− c). (50)

The first-order partial derivative of L(w̃k[n], λ̂) w.r.t. w̃k[n]
and λ̂ can be respectively derived as

• ∂L
∂w̃k[n]

= −2C−1[n]Vk[n]C
−H [n]w̃k[n] + 2λ̂w̃k[n],

• ∂L
∂λ̂

= w̃H
k [n]w̃k[n]− c.

Let ∂L
∂w̃k[n]

= 0 and ∂L
∂λ̂

= 0, the optimal w̃k[n] should satisfies{
C−1[n]Vk[n]C

−H [n]w̃k[n] = λ̂w̃k[n],

w̃H
k [n]w̃k[n] = c.

(51)

Based on the the result presented in (51), we can find that
the optimal w̃k[n] is the eigenvector corresponding to the
eigenvalue λ̂ of the matrix C−1[n]Vk[n]C

−H [n]. Therefore,
in order to maximize the objective function of the opti-
mization problem (49), the optimal w̃k[n] is constrained
to the eigenvector associated with the maximum eigenvalue
of the matrix C−1[n]Vk[n]C

−H [n], denoted as w̃opt
k [n] =

eigvector
{
max

{
eig
{
C−1[n]Vk[n]C

−H [n]
}}}

. Thus, the
optimal wk[n] can be derived as

wopt
k [n] =

C−H [n]w̃opt
k [n]∥∥C−H [n]w̃opt
k [n]

∥∥ . (52)
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