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Abstract:
Objective

Mobile Edge Computing (MEC) is a distributed computing paradigm that brings computational

resources closer to users, alleviating issues such as high latency and interference found in cloud computing. To

enhance the offloading performance of MEC systems and promote green communication, Reconfigurable

Intelligent Surface (RIS), a low-cost and easily deployable technology, offers a promising solution. RIS consists

of numerous low-cost reflecting elements that can adjust phase shifts to alter the amplitude and phase of

incident signals, thereby reconstructing the electromagnetic environment. This transforms traditional passive

adaptation into active control. However, the signal reflected by RIS must pass through a two-stage cascaded

channel, which is susceptible to multiplicative fading, leading to limited performance gains when direct links are

unobstructed. To mitigate this, the concept of active RIS has been proposed, integrating signal amplification
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circuits into RIS elements, which not only reflect but also amplify signals, effectively overcoming this issue.
Additionally, RIS can only transmit or reflect incident signals, limiting coverage to half-space: either the user
and base station must be on the same side (reflecting RIS) or on opposite sides (transmitting RIS). This
constraint limits deployment flexibility. To address this, Simultaneously Transmitting And Reflecting
Reconfigurable Intelligent Surface (STAR-RIS) is proposed, combining both transmission and reflection
functions, where part of the signal is reflected to the same side, and the rest is transmitted to the opposite side.
To address the challenges in practical RIS-assisted MEC systems, the active Simultaneously Transmitting And
Reflecting Reconfigurable Intelligent Surface (aSTAR-RIS) is integrated into the MEC system to overcome
geographic deployment constraints and effectively mitigate the effects of multiplicative fading.

Methods  Considering the computational resources available at the MEC server, the energy consumption of
the aSTAR-RIS, and the phase shift coupling constraints, the task offloading ratio, computational resource
allocation, Multi-User Detection (MUD) matrix, aSTAR-RIS phase shift, and transmission power are jointly
optimized, resulting in a multivariable coupled weighted total latency minimization problem. To solve this
problem, an iterative algorithm combining Block Coordinate Descent (BCD) and Penalty Dual Decomposition
(PDD) algorithms is proposed. In each iteration, the original problem is decomposed into two subproblems: one
for optimizing computational resource allocation and task offloading ratio, and the other for designing the
aSTAR-RIS phase shift, MUD matrix, and transmission power. For the first subproblem, the Lagrange
multiplier method is used to incorporate constraints into the objective function and enable efficient
optimization. The optimal Lagrange multiplier and resource allocation are found using the bisection method.
The second subproblem involves handling the fractional objective function using the weighted minimum mean
square error algorithm. From the first-order conditions, the optimal MUD matrix is derived. For the aSTAR-
RIS phase shift optimization, a non-convex phase shift coupling constraint is decoupled using the PDD
algorithm.

Results and Discussions ~ And discussions as shown in (Fig. 2), with increasing iterations, the weighted total
latency steadily decreases and stabilizes, validating the effectiveness of the proposed algorithm. A comparison
with three benchmark schemes reveals that, although the proposed scheme converges more slowly, it achieves
the lowest weighted total latency upon convergence, with a 12.66% reduction compared to the passive STAR-
RIS scheme. This improvement is mainly due to the power amplification effect, which reduces the impact of
multiplicative fading, thereby enhancing the received signal at the base station and reducing latency. As illustrated in (Fig. 3),
the weighted total latency decreases as the number of aSTAR-RIS elements increases, allowing for more
reflection paths and higher channel gain. For fewer elements, aSTAR-RIS shows a significant performance gain
over STAR-RIS, but as the number of elements grows, the performance of both aSTAR-RIS and passive STAR-
RIS converges, primarily due to thermal noise and power constraints. Moreover, compared to the benchmark
scheme that optimizes for maximum rate, the proposed scheme shows significant advantages in reducing
latency. As shown in (Fig. 4), when the aSTAR-RIS power overhead increases, the weighted total latency
decreases, further showing the potential of aSTAR-RIS in improving communication performance via active
amplification.

Conclusions  This paper investigates a task offloading scheme for an aSTAR-RIS-assisted MEC system, which
optimizes the task offloading ratio, computational resource allocation, MUD matrix, aSTAR-RIS phase shift,
and transmission power to minimize total user delay. The optimization problem is solved using an iterative
approach, decomposing the problem into two subproblems and applying the Lagrange multiplier method, PDD,
and BCD algorithms. Simulation results demonstrate that the proposed algorithm significantly outperforms
benchmark schemes in terms of weighted total latency. The findings validate the effectiveness of aSTAR-RIS in
MEC systems, highlighting its advantages over passive STAR-RIS in task offloading, resource optimization, and
communication performance.

Key words: Active Simultaneously Transmitting And Reflecting Reconfigurable Intelligent Surface (aSTAR-
RIS); Mobile Edge Computing(MEC); Computing offloading; Resource allocation
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