
Power Allocation for FAS-assisted Downlink
Communication

Boyi Tang∗, Hao Xu∗, Kai-Kit Wong∗, Li You†, Wee Kiat New∗, Jie Tang‡, and Xiu Yin Zhang‡
∗Department of Electronic and Electrical Engineering, University College London, London WC1E7JE, U.K.

†National Mobile Communications Research Laboratory, Southeast University, Nanjing 210096, China
‡ School of Electronic and Information Engineering, South China University of Technology, Guangzhou 510640, China
E-mail: {boyi.tang.22, hao.xu, kai-kit.wong, a.new}@ucl.ac.uk; lyou@seu.edu.cn; {eejtang, zhangxiuyin}@scut.edu.cn

Abstract—Fluid antenna is a novel technology that can switch
its radiating element to different locations within a predefined
space. Utilizing the natural fading of the signal envelope, fluid
antenna can select the best channel without complicated signal
processing. This paper studies two power allocation problems in
a downlink multi-user fluid antenna system (FAS), where each
user is equipped with a fluid antenna while the base station
(BS) has multiple fixed-position antennas (FPAs). We first aim
to minimize the total transmit power of the BS with quality of
service (QoS) requirement. Secondly, we investigate the sum rate
maximization problem under power constraint using the weighted
minimum mean squared error (WMMSE) method. Simulation
results show that FAS outperforms FPA. Specifically, in the power
minimization problem, FAS has a higher probability of achieving
information rate constraint with less transmit power. In addition,
the achieved sum rate of FAS is higher than that of FPA in the
second problem.

Index Terms—fluid antenna system, power allocation, transmit
power minimization, sum rate maximization, WMMSE

I. INTRODUCTION

In recent decades, the advent of multiple-input multiple-
output (MIMO) technology has revolutionized wireless com-
munications. This innovation exploits spatial diversity and
multiplexing capability to improve the efficiency and perfor-
mance of communication networks [1]. While MIMO enhances
system performance without the need of additional bandwidth,
it requires sophisticated signal processing to support multi-
user communications. In addition, the massive connectivity
provided by MIMO relies on a significant number of antennas
and radio frequency (RF) chains at the base station (BS), which
requires high hardware expense and power consumption [2],
[3]. Although the fifth generation (5G) mobile communication
allows the deployment of 64 or more antennas at a BS,
the number of antennas feasible for a user equipment (UE)
remains limited due to the confined space [4]. This limitation
consequently restricts the performance of MIMO in mobile
devices.

Recently, fluid antenna system (FAS) has opened new fron-
tiers for the next generation of wireless communication by
offering a unique and innovative approach to enable massive
connectivity and enhance the performance of communication
networks. Fluid antenna refers to any position-flexible antenna
with the remarkable ability to dynamically adjust its character-
istics, such as gain, radiation pattern, and operating frequency

[5], [6]. The implementation of fluid antenna has been dis-
cussed in [7], including liquid-based antenna, reconfigurable
pixel antenna, and movable antenna. By switching the antenna
to select the strongest signal among preset positions (referred
to as ‘ports’), FAS achieves spatial degree of freedom (DoF)
and diversity gain.

Many research efforts have already discussed the perfor-
mance of FAS in the single-user case. In [8], the outage
probability of FAS in the α-µ fading channels was analyzed.
The closed-form analytical expressions of the average level
crossing rate (LCR) of FAS were given in [9]. In [10], an
analytical channel model considering eigenvalue decomposi-
tion was proposed, where the cross-correlation function of the
ports is assumed to follow the Jake’s model. The performance
of FAS with the eigenvalue-based channel model in physical
layer security was studied in [11], where a closed-form power
allocation solution was provided for the wiretapping single-
user scenario.

Fluid antenna is also ideal for multiple access as it can
achieve interference immunity by switching the radiating ele-
ment to where the interference signals experience a deep fade.
This is referred to as fluid antenna multiple access (FAMA)
[12], [13], where the interference is mitigated naturally using
only one RF chain without complicated signal processing. The
scheme in which the port of fluid antenna can be updated
on a symbol-by-symbol basis is referred to as fast-FAMA (f-
FAMA). The ability of fluid antenna to support multiple users
was also investigated in [12] by studying the outage probability
of the signal-to-interference ratio (SIR) and multiplexing gain
of f-FAMA. In comparison, slow-FAMA (s-FAMA) is the
approach that the fluid antenna only switches port when the
fading channel changes, which can achieve multiplexing gain
of 4 or larger [14].

The potential of combining FAS with other promising
technologies has been considered in recent works [15]–[19].
In [15], Zheng et al. investigated the average block error rate
(BLER) of the FAS-assisted non-orthogonal multiple access
(NOMA) system. Compared with traditional full-duplex (FD)
communication, the average sum rate of FD system can be
greatly improved by cooperating with fluid antenna [16]. The
outage probability and delay outage rate of reconfigurable
intelligent surface (RIS)-aided FAS were derived in [17]. The
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Fig. 1. A downlink multi-user FAS where the BS and the UEs are equipped
with FPAs and fluid antennas, respectively.

application of FAS in terahertz band was studied in [18]. In
addition, online learning was applied in [19] to select the
optimal port for FAS.

In this paper, we investigate a downlink multi-user FAS,
where the UEs and the BS are equipped with fluid antennas
and fixed-position antennas (FPAs), respectively. Our objective
is to optimize the transmit power of the BS to achieve better
system performance. The performance of FPA is considered
as a benchmark to show the benefits of FAS. The main
contributions of this paper are summarized as follows:

• Firstly, we analyze the transmit power minimization prob-
lem for a downlink FAS-assisted communication scenario,
where the information rate of each user needs to be larger
than a threshold. We transform the constraint functions
into linear form, and then use typical convex optimization
tool to solve the problem. Simulation results show that
FAS can achieve the rate constraints with much higher
probability and lower transmit power compared to FPA.

• Then, we also consider the sum rate maximization prob-
lem with transmit power constraint at the BS. By in-
troducing auxiliary functions, the proposed problem can
be solved iteratively with a closed-form solution in each
iteration. Simulation results depict that FAS achieves
higher sum rate than FPA.

The remainder of this paper is organized as follows. Sec-
tion II describes the system model and formulates two power
allocation problems. In Section III, we solve the power miniza-
tion and the sum rate maximization problems, respectively.
Then, Section IV shows the simulation results of the proposed
methods. Finally, Section V concludes this paper

II. SYSTEM MODEL

A. Signal Model

As shown in Fig. 1, this paper considers a downlink multi-
user FAS scenario, which consists of U UEs and a BS. The BS
is equipped with U FPAs, and each antenna of the BS serves
one UE. Each UE has a fluid antenna whose radiating element
can be instantly switched to one of the N preset locations

evenly distributed over a linear dimension of length Wλ, where
W denotes the normalized size of the fluid antenna and λ is
the wavelength. The preset locations are referred to as ports,
and the radiating element at each port is treated as an ideal
point antenna. Without loss of generality (w.l.o.g.), we assume
the information symbol intended for the u-th UE is transmitted
by the u-th BS antenna. Then, the received signal at the k-th
port of the u-th UE is given by

y(k)u = h(k)
u,u

√
pusu +

U∑
j ̸=u

h
(k)
j,u

√
pjsj + n(k)

u , (1)

where h
(k)
j,u represents the complex channel from the j-th BS

antenna to the k-th port of the u-th UE, sj ∼ CN (0, 1) and
pj denote the information symbol and transmit power for the
j-th UE, and n

(k)
u ∼ CN (0, σ2

n) is the noise at the k-th port
of the u-th UE.

B. Channel Model

Since the ports can be arbitrarily close to each other for
small W and large N , ∀u = 1, . . . , U , the channels from the
j-th BS antenna to different ports of the u-th UE, h(k)

j,u ∀k, are
strongly correlated. The cross-correlation function of the ports
is assumed to follow the Jake’s model, and the covariance
matrix Σ is employed to characterize the correlation of the

channel gain vector hj,u =
[
h
(1)
j,u, . . . , h

(N)
j,u

]T
. Assume all

the channels are independent and identically distributed (i.i.d.)
and follow CN (0, σ2), the (k, k′)-th element of the covariance
matrix is modeled as [10]

Σk,k′ = σ2J0

(
2π (k − k′)W

N − 1

)
, (2)

where J0(·) denotes the zero-order Bessel function of the first
kind. The eigen-decomposition of the covariance matrix Σ can
be expressed as

Σ = QΛQH , (3)

where the columns of Q are the eigenvectors of Σ and
Λ = diag {λ1, . . . , λN} is the diagonal matrix of eigenvalues.
W.l.o.g., the eigenvalues are arranged in descending order, i.e.,
λ1 ≥ · · · ≥ λN . Then, the channel gain vector is given by

hj,u = QΛ
1
2xj,u, (4)

where xj,u =
[
x
(1)
j,u, . . . , x

(N)
j,u

]T
is a random vector with

x
(k)
j,u ∼ CN (0, 1) ∀k = 1, . . . , N .

C. Problem Formulation

In this subsection, we aim to minimize the total transmit
power of the BS and maximize the sum rate by power
allocation, respectively. Before we proceed, we first assume
that the k∗u-th port is selected by the u-th UE to receive signal
based on



k∗u = argmax
k

∣∣∣h(k)
u,u

∣∣∣2∑U
j ̸=u

∣∣∣h(k)
j,u

∣∣∣2 . (5)

Then, the received signal of the u-th UE is

yu = hu,u
√
pusu +

U∑
j ̸=u

hj,u
√
pjsj + nu, (6)

where hj,u ≜ h
(k∗

u)
j,u and nu ≜ n

(k∗
u)

u . The signal to interference
plus noise ratio (SINR) of the u-th UE is written as

ηu =
pu |hu,u|2∑U

j ̸=u pj |hj,u|2 + σ2
n

. (7)

The information rate of the u-th UE is thus expressed as

Ru = log (1 + ηu) . (8)

In this paper, we consider two optimization problems, i.e., total
power minimization and sum rate maximization.

1) Total Transmit Power Minimization: Our first objective
is to minimize the total transmit power of the BS while
guaranteeing the transmission quality of all the UEs. The
problem is formulated as

min
pU

U∑
u=1

pu

s.t. Ru ≥ γu, ∀u ∈ U ,
pu ≥ 0, ∀u ∈ U , (9)

where U = {1, · · · , U} denotes the user index and γu is the
data rate threshold of the u-th UE .

2) Sum Rate Maximization: Secondly, we aim to maximize
the sum rate of the system under power constraint, i.e.,

max
pU

U∑
u=1

Ru

s.t.
U∑

u=1

pu ≤ P,

pu ≥ 0, ∀u ∈ U , (10)

where P is the maximum transmit power of the BS.

III. PROBLEM SOLUTION

In this section, we solve problems (9) and (10), respectively.

A. Total Transmit Power Minimization
Dropping the log(·) operation, problem (9) is equivalent to

min
pU

U∑
u=1

pu

s.t.
1

ϵu
pu |hu,u|2 −

U∑
j ̸=u

pj |hj,u|2 − σ2
n ≥ 0, ∀u ∈ U ,

pu ≥ 0, ∀u ∈ U , (11)

where ϵu = 2γu − 1. Since the objective function and all
constraint functions are linear, (11) is a linear programming
problem, and can thus be solved using CVX.

B. Sum Rate Maximization

As problem (10) is non-convex and difficult to solve, we use
the weighted minimum mean squared error (WMMSE) method
[20]. Assume that the minimum mean squared error (MMSE)
receiver is applied at the UEs to estimate the desired symbol.
At the u-th UE, the mean squared error (MSE) is given by

MSEu

=E
[∣∣fH

u yu − su
∣∣2]

= |fu|2
 U∑

j=1

|hj,u|2 pj+σ2
n

−fuh
H
u,u

√
pu−fH

u hu,u
√
pu+1,

(12)

where fu is the single-tap linear scaling at the u-th UE. The
minimum value of MSEu is obtained at

f∗
u =

hu,u
√
pu∑U

j=1 |hj,u|2 pj + σ2
n

. (13)

Then, the minimum value of MSEu is

MMSEu = MSEu (f
∗
u)

= 1− |hu,u|2 pu∑U
j=1 |hj,u|2 pj + σ2

n

=

∑U
j ̸=u |hj,u|2 pj + σ2

n∑U
j=1 |hj,u|2 pj + σ2

n

=
1

1 + ηu
. (14)

Problem (10) can thus be reformulated as

min
pU ,fU

U∑
u=1

ln (MSEu)

s.t.
U∑

u=1

pu ≤ P,

pu ≥ 0, ∀u ∈ U . (15)

As problem (15) is still non-convex, we iteratively optimize
pU and fU . Firstly, for fixed pU , the solution of (15) is f∗

U =
{f∗

1 , · · · , f∗
U}, where f∗

u ∀u ∈ U is given in (13). However,
for fixed fU , problem (15) becomes

min
pU

U∑
u=1

ln (MSEu)

s.t.
U∑

u=1

pu ≤ P,

pu ≥ 0, ∀u ∈ U , (16)



which is non-convex and intractable. To remove the ln(·)
operation, we introduce auxiliary functions GU , where

Gu (ru) = eru−1MSEu − ru, ∀u ∈ U . (17)

The first order derivative of Gu (ru) over ru is given by

∂Gu (ru)

∂ru
= eru−1MSEu − 1. (18)

Since the second order derivative of Gu (ru) is non-negative,
its minimum value Gu (r

∗
u) = ln (MSEu) is obtained when

∂Gu(ru)
∂ru

= 0, where

r∗u = 1 + ln

(
1

MSEu

)
. (19)

Problem (16) is thus equivalent to

min
pU

U∑
u=1

Gu (r
∗
u) = er

∗
u−1MSEu − r∗u

s.t.
U∑

u=1

pu ≤ P,

pu ≥ 0, ∀u ∈ U . (20)

Based on (12), the objective function of problem (20) after
dropping constants is equivalent to

U∑
u=1

pu

 U∑
j=1

er
∗
j−1 |fj |2 |hu,j |2


−√

pue
r∗u−1

(
fuh

H
u,u + fH

u hu,u

)
=

U∑
u=1

q2uau − qubu, (21)

where qu =
√
pu, au =

∑U
j=1 e

r∗j−1 |fj |2 |hu,j |2 and bu =

er
∗
u−1

(
fuh

H
u,u + fH

u hu,u

)
. Then, problem (20) can be rewrit-

ten in matrix form as

min
q

z (q) = qTAq − bq

s.t. qTq − P ≤ 0,

qu ≥ 0, ∀u ∈ U , (22)

where q = [q1, . . . , qU ]
T , A = diag {a1, . . . , aU}, b =

[b1, . . . , bU ]. The first order derivative of z (q) is given by

∂z (q)

∂q
= 2Aq − bT , (23)

which is 0 at

q′ =
1

2
A−1bT . (24)

Since the Hessian matrix of z (q) is equal to 2A and thus
positive-definite, the minimum value of the objective function
of problem (22) is z (q′). Since au > 0 and bu ≥ 0 ∀u ∈ U ,
we have q′u ≥ 0, the second constraint of (22) is thus satisfied.
If q′Tq′ − P ≤ 0, then q′ is the optimal solution of problem
(22).

Otherwise, i.e., q′Tq′ − P > 0, the optimal value of q is
on the boundary of the feasible set and the direction of the
negative gradient is the same as the outward pointing normal.
Therefore, the optimal solution q∗ of problem (22) satisfies
q∗Tq∗ − P = 0 and ∂z(q)

∂q∗ = −λq∗ for some λ > 0. From
(23), we have 2Aq∗−bT = −λq∗ for some λ > 0. Therefore,
we derive

q∗ = (2A+ λI)−1bT . (25)

To find λ, we define

g(λ) = q∗Tq∗ =

U∑
u=1

b2u
(2au + λ)2

. (26)

The first order derivative of g(λ) is given by

∂g(λ)

∂λ
=

U∑
u=1

−2b2u
(2au + λ)3

. (27)

Since λ > 0 and au > 0 ∀u ∈ U , we know that ∂g(λ)
∂λ <

0. Therefore, g(λ) monotonically decreases to 0 as λ goes
to infinity. When λ = 0, we have g(0) =

∑U
u=1

b2u
(2au)2

=

q′Tq′ > P . Since equation g(λ) = q∗Tq∗ = P has exactly
one positive solution λ∗, q∗ can be obtained by searching λ∗.
We use bisection search to find the optimal λ and q, and then
obtain the solution of problem (10) as pu = q2u, ∀u ∈ U . The
main steps of solving (10) are summarized in Algorithm 1.

Algorithm 1 Solution for Problem (10)
1: Initialize pU .
2: repeat
3: Update fU based on (13).
4: Update rU based on (19) and (12).
5: Calculate q′ based on (24).
6: Let q = q′ if q′Tq′ − P ≤ 0. Otherwise, search λ∗

which satisfies g(λ∗) = P , and then update q based on
(25).

7: until convergence
8: Let pu = q2u, ∀u ∈ U be the solution of problem (10).

IV. SIMULTION RESULTS

In this section, we demonstrate the performance of the
proposed algorithms using Monte Carlo simulation. The noise
power is set to be 1 Watt, and the maximum transmit power
for problem (10) is P = 100 ∗ U Watt.

In Fig. 2, we investigate if FAS can help minimize the
transmit power while satisfying the information rate constraints
of problem (9). W.l.o.g., we set γu = γ = 1, ∀u ∈ U .
We define an outage event when there is no solution for
problem (9). From the first figure, we can observe that the
rate limits are always guaranteed by fluid antenna with 10
ports while outage events happen in 50% and 90% of channel
realizations for FPA in 2 and 3 UEs cases, respectively. In
comparison, the outage probability of fluid antenna with 2
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Fig. 2. Outage probability and transmit power of problem (9) versus the
number of ports of fluid antenna with W = 5 and γ = 1.
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Fig. 3. Outage probability of problem (9) versus data rate threshold with
W = 5 and N = 10.

ports in 3 UEs case is 65%, and it reduces to 0 as the number
of ports of fluid antenna increases. The second figure in Fig. 2
demonstrates how the required transmit power changes with
the number of ports of fluid antenna. As expected, by switching
fluid antenna among more ports, the BS needs less power to
guarantee the transmission. Specifically, in 3 UEs case, the
transmit power reduces from 51 dBm to 35 dBm as the the
number of ports increases. The required transmit power of fluid
antenna with 20 ports is 17 dB less than that of FPA when there
are 3 UEs in the system.

Fig. 3 depicts the outage performance of problem (9) with
different data rate thresholds. As it is more difficult to reach
the higher information rate, the outage probability increases
with γ. When the number of UEs in the system increases, the
power of interference signals received by each UE increases,
which makes it more difficult to reach the rate constraints.
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From the figure, we can see that in 2 UEs case, FAS can
always satisfy the rate requirement even with large γ while
the outage probability of FPA increases to more than 80%.

In Fig. 4, we analyze how the achieved sum rate of problem
(10) changes with the port number of fluid antenna. As
expected, the sum rate firstly increases with the number of
ports due to the introduced diversity. Since the ports become
highly correlated for a given antenna size with large N ,
increasing the number of ports further cannot bring more
performance gain. Therefore, the sum rate saturates at some
large N . The performance of FAS saturates faster when there
are more UEs in the system. This is because the increasing
number of UEs results in more interference in the system,
which limits the performance gain by changing the antenna
position. Compared to FPA, the sum rate of fluid antenna with
100 ports is increased by 26% in 3 UEs case.



Fig. 5 shows the relationship between sum rate and the
normalized size of fluid antenna. From the figure, we can
observe that the sum rate initially increases with the size of
fluid antenna due to the introduced degree of freedom. The
performance then reaches the peak since the resolution reduces
as the antenna size increases. For a given number of UEs, FAS
outperforms FPA in terms of sum rate. In particular, the sum
rate of FAS in 7 UEs case increases from 10.2 bps/Hz to 11.8
bps/Hz as W increases from 2 to 20. In comparison, the sum
rate of FPA is 9.75 bps/Hz when there are 7 UEs in the system.

V. CONCLUSION

In this paper, we considered two power allocation problems
for FAS. We first minimized the transmit power of the BS with
information rate constraint for each UE. By transforming the
constraint functions into linear form, we solved the problem
globally using linear programming solver. The results of FAS
were compared with those of FPA to show the advantages of
switching antenna within a given region. In particular, FAS
has a higher probability and requires less power to reach the
rate limits. After that, we maximized the system sum rate
when the total transmit power is restricted. With introduced
auxiliary functions, a closed-form solution was derived using
WMMSE method. Simulation results showed that FAS can
achieve higher sum rate compared to FPA.
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