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Abstract—In this letter, a non-orthogonal multiple access
(NOMA) assisted downlink pinching-antenna system is investi-
gated, where multiple pinching antennas can be activated at
pre-configured positions along a dielectric waveguide to serve
users via NOMA. In particular, the objective of this letter is
to study at what locations and how many pinching antennas
should be activated in order to maximize the system throughput.
To this end, a sum rate maximization problem with antenna
activation is formulated. With the help of matching theory,
the formulated problem can be recast as a one-sided one-to-
one matching, for which a low-complexity algorithm is devel-
oped. Simulation results indicate that the considered NOMA
assisted pinching-antenna system can outperform conventional
fixed-antenna systems in terms of sum rate, and the proposed
matching based antenna activation algorithm yields a significant
performance gain over the considered benchmarks.

Index Terms—Antenna activation, flexible-antenna systems,
non-orthogonal multiple access (NOMA), pinching antennas

I. INTRODUCTION

Recently, flexible-antenna systems, including intelligent re-

flecting surfaces, fluid-antenna systems, and movable antennas,

have received considerable attention [1]–[3]. Due to their

characteristics of dynamically reconfiguring wireless channels,

flexible-antenna systems can yield significant performance

gains over conventional fixed-location antenna systems. How-

ever, in most existing flexible antenna systems, the variation

range of the antenna positions is limited to the wavelength

scale, which restricts their capabilities to combat large-scale

path loss [4]. Furthermore, the prohibitive cost of many ex-

isting flexible-antenna systems also limits their applications in

real-world scenarios. In this context, pinching-antenna systems

have been proposed, where low-cost dielectric materials, such

as plastic clothespins, can be applied at any location on di-

electric waveguides [5] to create new line-of-sight links and/or

enhancing existing transceiver channels. As a result, pinching

antennas are expected to bring revolutionary breakthroughs in

wireless communications.

One feature of pinching-antenna systems is that the pinch-

ing antennas activated on a given waveguide must transmit

the same signal, which motivates the application of non-

orthogonal multiple access (NOMA) [4]. In [4], a NOMA

assisted downlink pinching-antenna system was designed,

where a heuristic approach was proposed to activate multiple
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Fig. 1: An illustration of the considered NOMA assisted

pinching-antenna system with N = 4 users and L = 6
available antenna positions. The set of positions occupied by

activated antennas is S = {2, 5, 6}.

pinching antennas along one waveguide in order to serve users

simultaneously. As pointed out in [4], the optimal performance

of pinching-antenna systems can be achieved if these antennas

can be activated at any desired position, which is challenging

to realize in practice. Motivated by this, this letter focuses

on a low-complexity and practical implementation, which is

to install pinching antennas at preconfigured positions prior

to transmission, and then activate only a small number of

the available antennas to serve downlink users, as shown in

Fig. 1. In particular, by transforming the antenna positions

from continuous variables to discrete variables, a sum rate

maximization problem is formulated and a matching based

antenna activation algorithm is developed. The properties of

the proposed algorithm, including its computational complex-

ity, convergence, and stability, are analyzed. Simulation results

demonstrate that i) the considered NOMA assisted pinching-

antenna system is able to achieve higher spectral efficiency

compared to conventional fixed-antenna systems, and ii) the

proposed antenna activation algorithm can significantly im-

prove the sum rate with low complexity, achieving near-

optimal performance.

II. SYSTEM MODEL AND PROBLEM FORMULATION

Consider a downlink pinching-antenna system, where one

base station (BS) serves N single-antenna users with one

waveguide and K pinching antennas. As shown in Fig. 1,

the users are randomly distributed within a rectangular area

with side lengths D1 and D2, and the pinching antennas can

be activated at L antenna positions on a waveguide of length

D1 and deployed at height d, where K ≤ L. Note that the
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antenna spacing is jointly determined by the number of an-

tenna positions and the length of the waveguide. Specifically,

the antenna positions (or potential antennas) are uniformly

spaced along the waveguide, and the distance between any

two adjacent positions is D1/(L−1), which should be greater

than or equal to half of the wavelength. In this letter, we make

the practical assumption that the K pinching antennas must be

located at the pre-configured L positions, and the antennas can

be deactivated1. To facilitate system description and algorithm

design, the collections of all pinching antennas, users, and

antenna positions are represented by K = {1, 2, · · · ,K},

N = {1, 2, · · · , N}, and L = {1, 2, · · · , L}, respectively.

A. NOMA Assisted Pinching-Antenna System

In the considered scenario, the locations of user n and

the pinching antenna activated at position l are denoted by

ψn = (xn, yn, 0) and ψPin
l = (xPin

l , 0, d), respectively. With L
potential antennas, by using the spherical wave channel model,

user n’s channel vector can be expressed as follows [6]:
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where η = c
4πfc

, c is the speed of light, fc is the carrier

frequency, and λ is the wavelength. Since all pinching antennas

are located on the same waveguide, there is a single radio

frequency chain, and hence, the signals to be sent to the users

have to be superimposed first before their transmission, which

motivates the use of NOMA. That is, the superimposed signal

can be expressed as s =
∑N

n=1

√
αnsn, where αn and sn are

the power allocation coefficient and the desired signal of user

n, respectively. By taking into consideration the phase shifts

caused by the signal propagation inside the waveguide [4], the

transmitted signal vector can be expressed as follows:

x =
[√
p1e

−jθ1 · · · √
pLe

−jθL
]T
s, (2)

where pl is the transmit power of the antenna activated at

position l, θl = 2π
|ψPin

0
−ψPin

l |
λg

is the corresponding phase

shift due to the signal traveling within the waveguide, ψPin
0 is

the location of the feed point of the waveguide, λg = λ/neff

is the guided wavelength, and neff is the effective refractive

index of the dielectric waveguide [7]. At user n, the received

signal is given by yn = h
H
n x+wn, which can be rewritten as

follows:

yn =
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s+ wn, (3)

where wn is the additive white Gaussian noise.

B. Antenna Activation Principle and SIC Decoding Design

In this paper, we consider the case where a subset of

pinching antennas are activated from the L available positions,

and the set of all activated pinching antennas’ positions is

denoted by S. In this case, S becomes a subset of all available

1One practical implementation of pinching antennas is to first build a track
parallel to the waveguide, and install separate dielectrics, i.e., pinches, at
the L preconfigured positions. Similar to keys of self-playing pianos, the K

antennas can be activated by applying these pinches to the waveguide.

positions, i.e., S ⊆ L, and the cardinality of S is less than

or equal to the number of all antennas, i.e., |S| ≤ K . By

considering antenna activation, the received signal at user n
can be expressed as follows:

yn(S) =
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s+ wn

, hn(S)s + wn, (4)

where hn(S) is the normalized channel of user n for antenna

activation. In this letter, by assuming that the transmit power of

all antennas is equally allocated, and taking the power loss in

the dielectric waveguide into consideration, the transmit power

at the antenna activated at position l is given by

pl =
Pt

|S|10
−

κ|ψPin
0

−ψPin

l |
10 , (5)

where κ is the average attenuation factor along the dielectric

waveguide in dB/m [8]. We note that κ = 0 represents the

special case of a lossless dielectric and a perfectly conducting

surface.

Eq. (4) can be viewed as a multi-user downlink NOMA

system, where successive interference cancelation (SIC) can

be utilized to remove multiple-access interference. To this end,

an SIC decoding order needs to be established based on the

effective channel gains, as follows:

|h(1)(S)|2 ≤ |h(2)(S)|2 ≤ · · · ≤ |h(N)(S)|2, (6)

where |h(m)(S)|2 indicates the channel condition of the m-th

user. That is, for user (m), it can first decode and remove the

transmitted symbols intended for user (i), i < m, and then

decode its own symbols by treating the symbols for user (j),
j > m, as interference. Without loss of generality, assuming

that the channel gain of user n is the m-th ordered user, the

achievable data rate of user n is given by

Rn(S) = R(m)(S) = log2

(

1+
α(m)|h(m)(S)|2

∑N

i=m+1α
(i)|h(m)(S)|2+σ2

)

,

(7)

where α(m) is the power allocation coefficient of the m-th

ordered user, and σ2 is the noise power. For the user with

the strongest channel, it can successfully remove the symbols

intended for the other users and decode its own symbol at the

following rate:

R(N)(S) = log2

(

1+
α(N)|h(N)(S)|2

σ2

)

. (8)

C. Antenna Activation Problem Formulation

The users’ achievable data rates are significantly affected

by the positions of the pinching antennas. That is, there exists

an optimal set of activated antennas’ positions S∗, which

maximizes the spectral efficiency. In order to improve the per-

formance of the considered system, a sum rate maximization

problem is formulated based on antenna activation, as follows:

max
S

∑

n∈N

Rn(S)

s.t. S ⊆ L,
|S| ≤ K.

(9a)

(9b)

(9c)

Specifically, constraints (9b) and (9c) indicate that the pinching
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antennas should be activated from the pre-configured positions

and the number of activated antennas cannot greater than the

number of available antennas, respectively.

III. MATCHING BASED ANTENNA ACTIVATION

Problem (9) is a challenging integer programming problem,

and hence, in this section, matching theory is utilized to

solve it. By constructing a matching between antennas K and

positions L, i.e., which antenna is activated at which position,

the solution S∗ can be obtained.

A. Formulation of One-Sided Matching

It can be observed that in the formulated antenna activation

problem, by treating the pinching antennas and the positions as

two disjoint sets of players, only the pinching antennas have

preferences over the positions, which is consistent with the

concept of one-sided matching, i.e., housing market matching

models [9]. On the other hand, in the considered matching,

both the pinching antennas and positions can remain in an

unmatched state. As a result, problem (9) can be defined as a

one-sided one-to-one matching (K,L,≻,Φ0) with unmatched

players, where ≻ is a list of strict preferences of the antennas

over the positions, and Φ0 is an initial endowment matching.

The corresponding definition is presented as follows:

Definition 1. An one-sided one-to-one matching Φ is a map-

ping function Φ : K → L such that

(1) Φ(k) ∈ L ∪ {∅}, ∀k ∈ K;

(2) |Φ(k)| = {0, 1}, ∀k ∈ K; and

(3) Φ(k) = l ⇒ Φ(k′) 6= l, ∀k, k′ ∈ K,

where |Φ(k)| denotes the cardinality of Φ(k), and Φ(k) = l
denotes that antenna k is paired with position l.

In the above definition, condition (1) indicates that any

pinching antenna needs to be assigned to a position or remain

unmatched. Condition (2) indicates each pinching antenna can

be assigned to maximum one position. Condition (3) indicates

that each position cannot be occupied by more than one

pinching antennas.

B. Design of Matching Based Antenna Activation Algorithm

Since the adjustment of one pinching antenna will simulta-

neously change the channel conditions and received signals of

all users, their data rates will be affected accordingly, which

means that the considered matching has externalities. That

is, the preference of any player is also influenced by the

preferences of the other players. In this case, the preferences

of all players are constructed based on the objective function

of problem (9), i.e., the sum rate, as follows:

U(Φ) =
∑

n∈N

Rn(Φ), (10)

where Rn(Φ) is user n’s data rate for matching Φ.

Based on the defined utility, the preference list of each

antenna can be established. To this end, a 2-tuple 〈Φ(k),Φ〉 is

introduced to denote that antenna k is matched with Φ(k) in

matching Φ. In the case that pinching antenna k ∈ K prefers

position l ∈ L over its current state, this strict preference can

be characterized as follows:

〈Φ(k),Φ〉 ≺k 〈l,Φ′〉 ⇔ U(Φ) < U(Φ′). (11)

Algorithm 1 Matching based Antenna Activation Algorithm

1: Initialization:

2: Randomly match pinching antennas and positions to ob-

tain initial matching Φ0, and set Φ = Φ0.

3: Main Loop:

4: for k ∈ K do

5: for l ∈ L do

6: if Φ(k′) 6= l, ∀k′ ∈ K then

7: if 〈Φ(k),Φ〉 ≺k 〈l,Φ′〉 then

8: Set Φ = Φ′.

9: end if

10: else

11: if Φ(k) = l then

12: if 〈Φ(k),Φ〉 ≺k 〈∅,Φ′〉 then

13: Set Φ = Φ′.

14: end if

15: end if

16: end if

17: end for

18: end for

This preference means that antenna k prefers to be activated at

position l because the utility can be strictly increased, and the

matching is transformed from Φ to Φ′ due to this action. In

(11), antenna k can be deactivated in matching Φ, i.e., Φ(k) =
∅, or activated at another position, i.e., Φ(k) = l′, l′ 6= l. In

the case that pinching antenna k is willing to be unmatched,

the following preference is obtained:

〈Φ(k),Φ〉 ≺k 〈∅,Φ′〉 ⇔ U(Φ) < U(Φ′). (12)

The above preference implies that the utility can be increased

if antenna k becomes deactivated, and hence, Φ(k) 6= ∅. We

note that in the considered system, swapping the matching

of any two antennas (including deactivated antennas) has no

impact on the utility, and therefore, the swap action is not

considered in this paper.

With the defined preferences, the solution of problem (9)

can be obtained if the matching is in the core [10], which is

defined as follows:

Definition 2. A matching Φ is in the core if and only if there

does not exist a matching Φ′ such that

(1) 〈Φ′(k),Φ′〉 �k 〈Φ(k),Φ〉, ∀k ∈ K,

(2) 〈Φ′(k),Φ′〉 ≻k 〈Φ(k),Φ〉, ∃k ∈ K.

Based on the definitions of the preferences and the core,

a matching based antenna activation algorithm is provided

in Algorithm 1. In this algorithm, the initial matching Φ0

is obtained by assigning the pinching antennas to random

positions, where all antennas are activated with the initial

matching. For the remaining steps of the algorithm, an antenna

is selected in the order from 1 to K and attempts to be

assigned to a position in the order from 1 to L. Specifically, if

target position l is not occupied by other antennas, antenna k
attempts to be activated at this position, as shown in lines 6-9

of the algorithm. If target position l is currently occupied by

antenna k, this antenna attempts to be deactivated, as shown in

lines 11-14 of the algorithm. The main loop is repeated until
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no antenna can be adjusted during a complete cycle. At this

point, the solution of problem (9), i.e., ψ
Pin

, can be obtained

through the final matching.

C. Properties Analysis for the Proposed Algorithm

In this subsection, the properties of the proposed matching

based antenna activation algorithm are analyzed.

1) Complexity: The computational complexity of the pro-

posed algorithm can be analyzed by considering the worst

case, in which all pinching antennas attempt to be activated at

all positions. For K antennas and L positions, KL computa-

tions are performed in a complete cycle. For a given number of

cycles C, the computational complexity is given by O(CKL),
where O denotes the standard big-O notation.

2) Convergence: During the execution of the algorithm, a

new matching is recorded if any antenna has been successfully

assigned to a position. From initial matching Φ0, the matching

is transformed by the algorithm as follows:

Φ0 → Φ1 → Φ2 → · · · → Φfinal. (13)

Assume that Φa and Φb are two adjacent matchings in the

above sequence, where b = a + 1. From Φa to Φb, one of

the pinching antennas is activated at a different position, or is

deactivated. Based on the definition of the preferences, the util-

ity is strictly increased from Φa to Φb, i.e., U(Φa) < U(Φb).
Therefore, the following inequality can be obtained:

U(Φ0) < U(Φ1) < U(Φ2) < · · · < U(Φfinal). (14)

Due to the fact that the number of antennas and locations

are finite, the number of possible matchings is limited. Given

the strict preference, the proposed matching based algorithm

is guaranteed to converge to a final matching whose utility

cannot be further increased.

3) Stability: Assuming that the final matching Φfinal in

(13) is not a stable matching, based on Definition 2, there

exist at least one matching in which an antenna can be

assigned to a different position or deactivated. However, this

case contradicts the fact that Φfinal is the final matching and

its utility cannot be further increased. Therefore, the final

matching obtained by Algorithm 1 is always stable.

IV. SIMULATION RESULTS

In this section, the performance of the considered NOMA

assisted pinching-antenna system employing the proposed

matching based antenna activation algorithm is investigated. In

the simulations, the parameters are set as follows: d = 3 me-

ters, fc = 28 GHz, neff = 1.4, and σ2 = −90 dBm. Moreover,

a benchmark based on fixed power allocation is considered,

where the available transmit power of each activated antenna

is equally distributed to all signals, i.e., αn = 1/N, ∀n ∈ S.

Fig. 2 shows the performance of the pinching-antenna

system and compares it to that of a conventional antenna

system, in which the K antennas are located in the centre

with height d and antenna space λ/2. Moreover, distance based

antenna activation shown in [4] is used as a benchmark, where

each pinching antenna is activated at the location closest to

the corresponding user, i.e., ψPin
k = (xn, 0, d), ∀k = n. It

can be observed that the considered pinching-antenna system

outperforms the conventional antenna system in terms of sum
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Fig. 2: Impact of the transmit power on the sum rate, where

D2 = 4 m, K = 4, N = 4, and κ = 0.1 dB/m.
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Fig. 3: Achievable sum rate in the considered pinching-antenna

system with different antenna activation schemes, where D1 =
10 m, D2 = 6 m, K = 2, N = 2, and L = 20.

rate, and the gap increases significantly with the length of

the rectangular area. This is because in conventional systems,

an increase in length leads to the deterioration of the channel

gains, while in pinching-antenna systems only the propagation

loss in the waveguide is increased, which is insignificant
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Fig. 4: Impact of the number of antennas in the considered

pinching-antenna system with the proposed matching based

antenna activation, where D1 = 10 m, and Pt = 30 dBm.

compared to free-space path loss. Moreover, it is worth not-

ing that matching based antenna activation can dynamically

adjust the locations of the activated antennas according to the

propagation loss, which ensures that the performance of the

pinching-antenna system is less affected.

In Fig. 3(a), the sum rate gain achieved by the proposed

algorithm is studied, where random antenna activation is

included as a benchmarking scheme, in which the initial

matching Φ0 is directly used. As can be observed, the sum

rate increases as the transmit power grows for all schemes,

and the proposed matching based antenna activation algorithm

achieves the best performance. Recall that the strategy of

this algorithm is to improve the effective channel gain of the

strongest user who can contribute the most to the sum rate.

This strategy is confirmed by Fig. 3(b), where matching based

antenna activation has the lowest fairness. Furthermore, in the

case that the propagation loss in the waveguide is non-zero,

the sum rate of all schemes is only slightly reduced, which

indicates that the dominant factor in pinching-antenna systems

is the free-space path loss.

Fig. 4 illustrates the dependence of the sum rate on the num-

ber of activated antennas for different scenarios. Considering

the case with D2 = 6 m, N = L = 20, and κ = 0.1 dB/m as

a baseline, it can be seen from the figure that as the number

of users decreases, both the sum rate and the number of the

required pinching antennas decrease. When the propagation

loss is neglected (or the short side D2 is increased), the sum

rate increases (or decreases), while the effect on the number

of activated antennas is insignificant. On the other hand, if the

number of available positions grows, the sum rate is further

increased and more antennas are activated, since the pinching

antennas can be adjusted more precisely.

The convergence performance of the proposed matching

based antenna activation algorithm is shown in Fig. 5, where

an exhaustive search is included as baseline. It can be observed

that the matching based algorithm can achieve around 99%
of the performance of the global optimal solution within 20
iterations. Therefore, the proposed algorithm can be regarded

as a low-complexity near-optimal solution. According to the

5 10 15 20 25

16.2

16.4

16.6

16.8

17

17.2

17.4

17.6

5 10 15 20 25

3

4

5

6

7

8

9

10

Fig. 5: Convergence performance of the proposed algorithm,

where D1 = 10 m, D2 = 6 m, κ = 0.1 m/dB, and Pt =
30 dBm.

results of the exhaustive search, it can be found that a higher

sum rate can be obtained with less pinching antennas, which

shows the importance of optimizing the number of activated

antennas. Furthermore, based on Fig. 5, the analysis of the

convergence and stability presented at the end of the previous

section can be verified.

V. CONCLUSIONS

In this letter, antenna activation was studied in a NOMA

assisted pinching-antenna system. By introducing several po-

tential positions for the pinching antennas, a sum rate max-

imization problem was formulated and treated as a one-

sided matching problem. Based on this, a low-complexity

matching based antenna activation algorithm was proposed

to obtain a near-optimal solution. Furthermore, the benefits

of the considered pinching-antenna system and the proposed

matching based algorithm were unveiled via the presented

simulation results.
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