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ABSTRACT

Fluid Antenna Multiple Access (FAMA) represents a novel and transformative communication paradigm
tailored for 6G networks. FAMA utilizes the fluid antenna system (FAS), an innovative technology where
the antenna can dynamically reconfigure its position and shape to harness new degrees of freedom in the
wireless spectrum. This paper explores the architecture of FAS and its implementation in FAMA, offering
insights into its operational principles, benefits over traditional multiple access schemes, and its potential
role in achieving massive connectivity in 6G. We also delve into the challenges facing FAMA and propose
future directions for research and development.

I. INTRODUCTION

The evolution of wireless communication
technologies is driven by the need for higher data
rates, lower latency, energy-efficient and
massive connectivity and datasets. As the next-
generation network, 6G promises to deliver
extreme connectivity, intelligent communication,
and ubiquitous coverage. A critical component in
achieving these goals is the FAS. FAS can reshape
the communication landscape by providing
flexibility and agility in signal processing. FAMA
is built upon FAS, allowing multiple users to
access the wireless medium dynamically without
the need for complex channel state information
(CSI) at the transmitter, opening new
opportunities for scalable, adaptivity, and energy—
efficient communication systems.

. FLUID ANTENNA SYSTEM AND FLUID
ANTENNA MULTIPLE ACCESS

The FAS is a cutting—edge technology that
leverages position—flexible antennas capable of
dynamically reconfiguring their shape and
position to optimize and improve radio—frequency
(RF) characteristics [2, 3]. Unlike traditional
antennas, where elements are fixed, FAS enables
antennas to adapt their positions within a given
space, offering enhanced spatial diversity and
improved multiplexing gains. This flexibility
allows FAS to mitigate interference and enhance
signal quality, making it highly suitable for dense
communication environments such as urban areas
where  multiple devices are connected
simultaneously. FAS can also adjust its orientation

and frequency response, making it adaptable to
varying signal conditions and environments and
quality of services.

FAMA is a novel multiple access technique that
builds on the flexibility of FAS. In FAMA, users
are assigned spatial signatures, and their antenna
positions are dynamically adjusted to maximize
signal reception while minimizing interference [2,
3]. Unlike traditional schemes such as orthogonal
multiple access (OMA), non—-orthogonal multiple
access (NOMA), or rate-splitting multiple access

(RSMA), which require sophisticated signal
processing techniques like successive
interference cancellation (SIC) [1], FAMA

operates without CSI at the transmitter and
eliminates the need for SIC at the receiver. This
allows FAMA to efficiently manage massive
connectivity in 6G networks without incurring
significant system complexit.

FAMA takes advantage of the fluid antenna’s
ability to reconfigure its position in response to
deep fades in the interference signal, providing
interference suppression inherently. It also
introduces a new degree of freedom by
reconfiguring antenna positions based on the
channel conditions, optimizing communication
performance dynamically across time and space.

III. RESEARCH CHALLENGES AND FUTURE
TREND

Despite the promising potential of FAMA,
several challenges remain. Firstly, implementing
FAMA on a large scale requires the development
of cost-effective and energy-efficient fluid
antenna hardware. Current fluid antennas, though
promising in research environments, need to be



optimized for real-world deployment. Although
several studies investigated FAS and FAMA in
recent times, the practical assumption isn’t still
considered [5, 6]. Moreover, the integration of
FAMA with other next-—generation technologies
such as reconfigurable intelligent surfaces (RIS),
Al-driven networks, and terahertz communication
presents technical and operational challenges.
Furthermore, ensuring low latency and high
reliability in dense urban environments remains
an ongoing issue. Finally, various difficult issues
can occur related to the complexity of resource
allocation in the FAMA model.

Future research should focus on enhancing
the hardware designs of FAS to improve its
scalability and operational efficiency. Additionally,
advancements in machine learning algorithms
could enable more intelligent antenna
configuration strategies that dynamically respond
to changing network conditions. Specifically,
Deep Reinforcement Learning is a powerful
technique to address challenges related to
continuous variables and dynamic environments
[6]. Exploring the synergy between FAMA and
other multiple access schemes, such as NOMA
and RSMA, may also offer new avenues for
improving network performance in 6G. Besides,
resource allocation strategies need to be
considered in a complex model with FAMA to
effectively solve problems such as energy
consumption or latency. Performance results
should be analyzed in deeper insights to evaluate
correctly the quality of the systems.

IV. CONCLUSIONS

FAMA represents a revolutionary approach to
achieving massive connectivity and efficient
spectrum utilization in 6G networks. By leveraging
the unique reconfigurability of the Fluid Antenna
System, FAMA reduces system complexity,
mitigates interference, and enhances spatial
diversity, making it a key enabler for the next
generation of communication technologies.
However, challenges related to hardware
implementation, integration with other
technologies, and large-scale deployment remain.
Further research and development are essential to
fully realize the potential of FAMA in 6G networks.
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