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Abstract—Intelligent Reflecting Surface (IRS) is envisioned
to be a technical enabler for the sixth-generation (6G) wire-
less system. Its potential lies in delivering high performance
while maintaining both power efficiency and cost-effectiveness.
Previous studies have primarily focused on point-to-point IRS
communications involving a single user. Nevertheless, a practical
system must serve multiple users simultaneously. The unique
characteristics of IRS, such as non-frequency-selective reflection
and the necessity for joint active/passive beamforming, create
obstacles to the use of conventional multiple access (MA) tech-
niques. This motivates us to review various MA techniques to
make clear their functionalities in the presence of IRS. Through
this paper, our aim is to provide researchers with a comprehen-
sive understanding of challenges and available solutions, offering
insights to foster their design of efficient multiple access for IRS-
aided systems.

I. INTRODUCTION

Intelligent reflecting surface (IRS) has recently captured a
lot of attention [1]. Essentially, IRS is a surface composed of
numerous small and cheap reflecting elements. Each of these
elements can adaptively rotate the phase of an incoming signal.
In contrast to traditional wireless techniques that passively
adjust to a radio channel, IRS offers a smart propagation
environment by actively modifying the channel [2]. Through
controllable reflection, the reflected signals can be combined
constructively to enhance signal strength or destructively to
mitigate interference. As the reflecting elements, such as
printed dipoles or positive-intrinsic-negative (PIN) diodes,
merely passively reflect signals, there is no need for radio-
frequency chains for signal transmission and reception. Even
for the recently proposed paradigm called active IRS [3], the
use of low-power amplifiers makes this technique still power-
and cost-effective, compared to active antenna arrays. This
characteristic positions the IRS as a technological candidate
for the sixth-generation (6G) system, capable of offering high
performance while maintaining power efficiency and cost-
effectiveness [4].

A large and expanding body of literature has delved into
various aspects related to building IRS-aided wireless systems,
e.g., the reflection optimization [5], estimation of cascaded
channels [6], practical constraints [7], and the use of active
elements [3]. Prior studies primarily focused on point-to-
point IRS communications, which involve a single user, a
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base station, and a surface. However, a practical wireless
system needs to serve many users simultaneously, raising the
problem of multiple access (MA). Like the leap from single-
user MIMO to multi-user MIMO [8], a lot of challenges
have to be addressed for multi-user IRS communications. The
incorporation of IRS, owing to its transformative capability
in reconfiguring wireless channels and considering particu-
lar hardware limitations, poses barriers to multi-user signal
transmission. For example, the lack of frequency-selective
reflection, where the phase shift of each element cannot vary
across frequency, results in incompatibility for widely adopted
frequency-division systems. By far, which MA techniques are
efficient in the presence of IRS is still not clear. This motivates
us to conduct a comparative study, offering a holistic view of
the current state of the art.

In this paper, we aim to review different MA techniques to
make clear their behaviors in the presence of IRS. Their fun-
damentals are comparatively presented through mathematical
representations of transmitted and received signals, alongside
the derivation of closed-form expressions for achievable spec-
tral efficiency and sum rate. Due to differences in system mod-
eling, such as single-antenna vs. multi-antenna base stations,
single vs. multiple IRS surfaces, and the presence or absence
of direct links, it is challenging to create a unified presence.
Therefore, we distill the key ideas of different MA approaches
and adapt them to a unified system model. The primary
contribution of this paper lies in offering an exhaustive survey,
presenting a unified illustration, and providing a holistic view.
Through this paper, we aim to provide researchers with
a comprehensive understanding of challenges and available
solutions, offering insights to foster their design of efficient
multiple access for IRS-aided systems.

The rest of this paper is organized as follows: Section
II summarizes the state of the art. Section III introduces the
system model. Section IV presents a unified illustration and
analysis of different MA techniques. Finally, the conclusions
are drawn in Section V.

II. STATE OF THE ART

Through an exhaustive literature review, we can offer a
summary of the existing methods as follows: the simplest way
is to assign users to orthogonal time-frequency resource pieces
by time-division multiple access (TDMA) [9] or (orthogonal)
frequency-division multiple access (FDMA/OFDMA) [10].
TDMA suggests a discontinuous transmission for a user,



streamlining system operation by allowing certain tasks like
passive beamforming optimization to be carried out in the
time slots allocated to other users. FDMA remains relevant
in specific 6G scenarios, notably in IRS-assisted Internet of
Things applications [11] due to its simple implementation. Si-
multaneously, intelligent surfaces can seamlessly integrate into
existing OFDMA-based networks to enhance performance,
particularly LTE and 5G NR environments. However, TDMA
and FDMA are orthogonal multiple access (OMA) schemes,
which are inefficient since each user only utilizes a small
portion of available resources. Therefore, the researchers in-
vestigated the use of non-orthogonal multiple access (NOMA)
in IRS-aided systems, where its achievable performance was
compared with that of OMA [9], [12]. The authors of [13]
provided a simple IRS-NOMA design. In addition, space-
division multiple access (SDMA) was considered for large an-
tenna arrays or high frequencies [14], [15]. Globally optimized
reflection is achieved by joint passive/active optimization
using semidefinite relaxation (SDR) [5], [16], whereas it is
only tractable in a single-user setup. Selecting a single user op-
portunistically to transmit at each time substantially simplifies
the system design. Based on the availability of channel state
information (CSI), two variants, i.e., user selection [17], [18]
and opportunistic beamforming [19], [20], have been designed.
Nevertheless, these two schemes suffer from performance
degradation due to inefficient single-user transmission. In [21],
[22], new methods that allow all users for simultaneous trans-
mission while only selecting an opportunistic user for optimal
reflection optimization have been proposed. In addition, the
work in [23] studied the effect of discrete phase shifts on
multi-user IRS communications. We have also analyzed and
compared different MA techniques for IRS-aided vehicular
networks [24].

III. UNIFIED SYSTEM MODEL

As illustrated in Fig.1, this paper considers an IRS-
aided system, wherein a surface equipped with N reflecting
elements is deployed to enhance communications between
an M -antenna base station (BS) and K single-antenna user
equipment (UE). Due to the page limit, we only focus on
the downlink transmission while extending the discussed ap-
proaches and analyses to the uplink is straightforward. We use
an M × 1 vector

fk = [fk1, fk2, . . . , fkM ]
T

(1)

to model the channel between the kth UE and the BS, where
fkm, ∀m = 1, . . . ,M and ∀k = 1, . . . ,K, stands for the
channel gain between the mth BS antenna and the kth UE.
The channel between the IRS and the kth UE is defined as

gk = [gk1, gk2, . . . , gkN ]
T
, (2)

where gkn, ∀n = 1, . . . , N and ∀k = 1, . . . ,K, represents
the channel gain between the nth reflecting element and the
kth UE. Let hnm, ∀n = 1, . . . , N and ∀m = 1, . . . ,M ,
express the channel gain between the nth reflecting element
and the mth antenna. Then, the channel from the BS to the nth

element is hn = [hn1, hn2, . . . , hnM ]T , the channel matrix
from the BS to the IRS is expressed as H ∈ C

N×M , where
the nth row of H equals to hTn .
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Fig. 1. Illustration of a multi-user IRS system, consisting of a base station
with M antennas, K users with single-antenna UE, and an IRS surface
incorporating N elements.

A smart controller on the surface establishes a wired or
wireless connection with the BS. Its function involves dynami-
cally adjusting the phase shift of each reflecting element based
on acquired channel state information (CSI) through periodic
channel estimation. For ease of illustration, we assume that
the BS perfectly knows the CSI, as did most works, while
the estimation methods can refer to prior works like [6]. The
reflection of a typical element indexed as n is mathematically
represented by ǫn = ane

jφn . Here, φn represents the phase
rotation within the range of [0, 2π), and an ∈ [0, 1] denotes
the amplitude attenuation. According to [5], an = 1 is
identified as the optimal attenuation, maximizing the received
signal strength and simplifying implementation complexity.
Consequently, the focus of reflection optimization lies solely
on φn. This analysis excludes hardware impairments, such as
discrete phase shifts [25] and phase noise [7].

When the BS sends a vector of transmitted symbols as
x = [x1, . . . , xM ]T under the power constraint of Pd, the kth

user observes the received signal of

yk =
√

Pd

(

N
∑

n=1

gkne
jφnhTn + fTk

)

x+ nk, (3)

where nk denotes additive white Gaussian noise (AWGN) with
zero mean and variance σ2

n, i.e., nk ∼ CN (0, σ2
n). Define a

diagonal phase-shift matrix as Θ = diag{[ejφ1 , . . . , ejφN ]},
(3) can be rewritten in matrix form as

yk =
√

Pd

(

gTkΘH+ fTk

)

x+ nk. (4)

IV. COMPARATIVE ILLUSTRATION OF IRS MULTIPLE

ACCESS TECHNIQUES

This section presents a comprehensive understanding of
various MA techniques in IRS-aided systems, encompassing
TDMA, FDMA/OFDMA, SDMA, NOMA, user selection, and
opportunistic beamforming. Their distinctive characteristics
are comparatively explained, and closed-form expressions for
per-user spectral efficiency (SE) and sum rate are derived.



A. TDMA

In this approach, the signaling dimensions along the
time axis are divided into orthogonal time slots [9]. Each
user utilizes the entire bandwidth but cyclically accesses the
specific slot assigned to them. For simplicity, let’s consider
a radio frame that is divided into K slots. According to
[26], the switching frequency of reflecting elements, fabri-
cated by PIN diodes, can reach 5MHz. This equates to a
switching time of 0.2 µs, significantly shorter than the usual
channel coherence time, which typically falls in the range
of milliseconds. It implies that the set of phase shifts can
be adjusted specifically for the active user during each time
slot. We denote the time-selective phase shifts for user k as
Θk = diag{[ejφ1[k], . . . , ejφN [k]]}, where Θk 6= Θk′ , when
k 6= k′.

The BS applies linear beamforming wk ∈ C
M×1, where

‖wk‖2 6 1, to transmit the signal intended for user k at the
kth slot. The information-bearing symbol sk is zero mean and
unit-variance, i.e., E

[

|sk|2
]

= 1. Substituting x = wksk into
(4), we obtain

yk =
√

Pd

(

gTkΘkH+ fTk

)

wksk + nk. (5)

Through the joint optimization of active and passive beam-
forming, the instantaneous signal-to-noise ratio (SNR) can be
maximized, leading to the optimization formula

max
Θk,wk

∣

∣

∣

∣

(

gTkΘkH+ fTk

)

wk

∣

∣

∣

∣

2

s.t. ‖wk‖2 6 1

φn[k] ∈ [0, 2π), ∀n = 1, . . . , N, ∀k = 1, . . . ,K,
(6)

which is non-convex because the objective function is not
jointly concave with respect to Θk and wk. Alternating
optimization can be used to solve this problem by alternately
optimizing Θk and wk [5]. The maximal-ratio beamforming

w
(0)
k = f∗k/‖fk‖ for the direct link can be applied as the initial

value [24]. Thus, (25) is simplified to

max
Θk

∣

∣

∣

∣

(

gTkΘkH+ fTk

)

w
(0)
k

∣

∣

∣

∣

2

s.t. φn[k] ∈ [0, 2π), ∀n = 1, . . . , N, ∀k = 1, . . . ,K.

(7)

The objective function is still non-convex but it enables a
closed-form solution by applying the triangle inequality

∣

∣

∣

∣

(

gTkΘkH+ fTk

)

w
(0)
k

∣

∣

∣

∣

6

∣

∣

∣

∣

gTkΘkHw
(0)
k

∣

∣

∣

∣

+

∣

∣

∣

∣

fTk w
(0)
k

∣

∣

∣

∣

. (8)

The equality is achieved if and only if

arg
(

gTkΘkHw
(0)
k

)

= arg
(

fTk w
(0)
k

)

, ϕ0k, (9)

where arg(·) denotes the angle of a complex vector or scalar.

Define qk = [q1k, q2k, . . . , qNk]
H

with qnk = ejφn[k] and

χk = diag(gTk )Hw
(0)
k ∈ C

N×1, we have gTkΘkHw
(0)
k =

qHk χk ∈ C. Ignore the constant term
∣

∣fTk w
(0)
k

∣

∣, (7) is trans-
formed to

max
qk

∣

∣

∣q
H
k χk

∣

∣

∣

s.t. |qnk| = 1, ∀n = 1, . . . , N, ∀k = 1, . . . ,K,

arg(qHk χk) = ϕ0k.

(10)

The solution for (10) can be derived as

q
(1)
k = ej(ϕ0k−arg(χ

k
)) = e

j
(

ϕ0k−arg
(

diag(gT

k
)Hw

(0)
k

))

. (11)

Given Θ
(1)
k = diag{q(1)

k }, the process is alternated to
optimize wk. The BS can apply a maximal-ratio method
to maximize the strength of a desired signal, resulting in

the active beamformer w
(1)
k =

(gT

k
Θ

(1)
k

H+fT
k
)H

‖gT

k
Θ

(1)
k

H+fT
k
‖

. Following

the first iteration, Θ
(1)
k and w

(1)
k serve as the initial input

for the subsequent iteration. This iterative process continues
until convergence is achieved, yielding the optimal active and
passeive beamformer denoted by w⋆

k and Θ⋆
k. Consequently,

the sum rate of the TDMA-based IRS system can be figured
out as

Ctdma =
K
∑

k=1

1

K
log

(

1 +
Pd
∣

∣

(

gTkΘ
⋆
kH+ fTk

)

w⋆
k

∣

∣

2

σ2
n

)

.

(12)

B. FDMA/OFDMA

The foundation of FDMA/OFDMA involves dividing the
entire bandwidth into multiple subchannels. Each user is
assigned a dedicated subchannel for the entire duration. Unlike
TDMA, where the phase shifts of IRS can be adjusted in
different slots, it encounters the challenge of non-frequency-
selective reflection. Each element induces a common phase
shift across subchannels. Hence, the surface can be optimized
maximally for a specific user at a time. Other users across
different subchannels must adopt this common configuration,
resulting in phase-unaligned reflection. This raises an issue of
user scheduling: determining which user should be selected
for passive beamforming optimization. Our work presented in
[10] has uncovered an interesting finding: when there are a
limited number of users, user scheduling does not effectively
improve performance. Furthermore, as the number of users
increases, the utility of both user scheduling and reflection
optimization becomes very marginal. In such cases, the phase
shifts of IRS elements can be randomly set, denoted by a
phase-shift matrix of Θr, each entry of which takes value
randomly from [0, 2π). Given Θr, each user optimizes its

active beamforming as w>

k =
(gT

k
ΘrH+fT

k )
H

‖gT

k
ΘrH+fT

k ‖ . In this case,

the sum rate is

Cfdma =
K
∑

k=1

1

K
log

(

1 +
Pd
∣

∣

(

gTkΘrH+ fTk
)

w>

k

∣

∣

2

σ2
n

)

.

(13)

Randomizing the phase shifts without CSI eliminates the
requirement for channel estimation of cascaded channels,
leading to a notable reduction in system complexity.



C. NOMA

Despite its simplicity, OMA is inefficient due to under-
utilization of resources. NOMA enables the service of mul-
tiple users over a resource unit. Multiple information sym-
bols are superimposed into a composite waveform as x =
∑K
k=1

√
αkwksk, where αk represents the power coefficient

subjecting to
∑K
k=1 αk 6 1. Typically, more power is assigned

to users with lower channel gains to ensure detection reliabil-
ity. A user with a stronger channel gain gets less power, but a
reasonable SNR for correctly detecting its signal remains [12].
The surface can only be tuned to optimally aid a specific user

k̂ at a time with Θ⋆
k̂

and w⋆
k̂
, which can be derived using

the alternating optimization as in TDMA. Other users have to
share Θ⋆

k̂
that is not favorable for them. Given the combined

channel gain gTkΘ
⋆
k̂
H + fTk , a user k 6= k̂ can optimize its

active beamforming as w⋆
k =

(gT

k
Θ⋆

k̂
H+fT

k
)H

‖gT

k
Θ⋆

k̂
H+fT

k
‖

.

At the receiver, successive interference cancellation (SIC)
iteratively decodes the signals. The optimal order of interfer-
ence cancellation is detecting the user with the most power
allocation to the user with the least power allocation [27]. We
write ρk = (gTkΘ

⋆
k̂
H+fTk )w

⋆
k, ∀k to denote the effective gain

of the combined channel for user k. Without loss of generality,
assume that user 1 has the largest combined channel gain, and
user K is the weakest, i.e., ‖ρ1‖2 > ‖ρ2‖2 > . . . > ‖ρK‖2.
With this order, each NOMA-IRS user first decodes sK , and
then subtracts its resultant component from the received signal.
As a result, a typical user k after the first SIC iteration gets

ỹk = yk − ρk
√

αKPdsK = ρk

K−1
∑

k=1

√

αkPdsk + nk. (14)

In the second iteration, the user decodes sK−1 using the
remaining signal ỹk. The cancellation iterates until each user
gets the symbol intended for it. User k successfully cancels
the signals from user k + 1 to K but suffers from the
interference from user 1 to k− 1. Treating uncancelled multi-
user interference as noise, the received SNR for user k is

γk =
‖ρk‖2αkPd

‖ρk‖2
∑k−1
k′=1 αk′Pd + σ2

n

. (15)

Thus, the sum rate of NOMA-based IRS is figured out as

Cnoma =

K
∑

k=1

log

(

1 +
‖ρk‖2αkPd

‖ρk‖2
∑k−1
k′=1 αk′Pd + σ2

n

)

. (16)

D. SDMA

When the elements of an antenna array are highly cor-
related, it enables traditional angle-based beamforming. Di-
rectional beams are steered toward specific users, allowing
multiple users to share the same frequency band simultane-
ously. In a macro-cell scenario, scatterers are positioned near
users, and the scatterer size is significantly smaller than the
BS-UE distance. Consequently, the angle of departure (AOD)
for various signal paths from a user in the far field tends
to be approximately the same, denoted by θ. For a uniform

linear array (ULA) with inter-antenna spacing set at half a
wavelength, the steering vector can be expressed as [28]

a(θ) =
[

1, e−jπ sin(θ), . . . , e−j(M−1)π sin(θ)
]T

. (17)

Let the first antenna m = 1 of the array be the reference point,
(1) can be rewritten as fk = fk1a(θ), ∀k = 1, . . . ,K, while
hn = hn1a(θ), ∀n = 1, . . . , N .

The rationale of SDMA-based IRS is that the BS generates
independent beams toward the surface and users to deal with
inter-user interference. The beam pointing to the surface can
be referred to as a reflected beam. Without loss of generality,

a specific user k̂ can be chosen for this reflected beam,
while other users utilize a direct beam to communicate with
the BS [14]. As the positions of the BS and IRS remain
fixed, the angle of IRS denoted by θI is readily determinable
and remains constant over an extended period. The optimal
weighting vector to generate a beam towards the IRS is

wI =
√

1/MaH(θI), resulting in the maximal gain

B(θI) =

√

1

M
aH(θI)a(θI) =

√
M. (18)

For a typical non-IRS-aided user with the AOD of θk, the

optimal weighting vector is wk =
√

1
M aH(θk). Thus, the

direct beam gain is

Bk(θk) =

√

1

M
aH(θk)a(θk) =

√
M. (19)

The transmitted vector is given by x =
∑K
k=1 wksk. Sub-

stituting it into (4), we obtain the received signal of user k̂
as

yk̂ =
√

MPdg
T
k̂
Θh̄1sk̂ + nk̂

=
√

MPd

(

N
∑

n=1

gnk̂e
jφnhn1

)

sk̂ + nk̂, (20)

where h̄1 ∈ C
N×1 is the first column of H. Due to the spatial

isolation, the reflection optimization of user k̂ is equivalent to
that of a single-user system, simplifying the joint optimization
of active/passive beamforming Therefore, the optimal phase
shift for reflecting element n equals to

φ⋆n = mod
[

ψa − arg(hn1)− arg(gnk̂), 2π
]

, (21)

where ψa stands for an arbitrary phase value. It implies that
the phase shift of each reflected signal is compensated, such
that the residual phase of each branch is equal to ψa, for
coherent combining at the receiver.

Thus, (20) equals to

yk̂ =
√

MPd

N
∑

n=1

|gnk̂hn1|ejψask̂ + nk̂. (22)

Similarly, we know the received signal for user k 6= k̂ is

yk =
√

MPdfk1sk + nk. (23)



Then, the sum rate of the SDMA-based IRS system is

Csdma = log

(

1 +
MPd|

∑N
n=1 |gnk̂hn1||2
σ2
n

)

+
∑

k 6=k̂

log

(

1 +
MPd|fk1|2

σ2
n

)

.

E. Opportunistic User Selection

Because of the shared transmission resource, a trade-off
exists in a multi-user system: if someone wishes for a higher
rate, it necessitates that other users reduce their rates. Hence,
the appropriate performance metric is the sum capacity

C =

K
∑

k=1

log






1 +

∣

∣

∣

(

gTkΘH+ fTk
)

wk

∣

∣

∣

2

Pd

σ2
n






. (24)

It raises the optimization formula:

max
Θ,wk

K
∑

k=1

log






1 +

∣

∣

∣

(

gTkΘH+ fTk
)

wk

∣

∣

∣

2

Pd

σ2
n







s.t. ‖wk‖2 = 1, ∀k
φn ∈ [0, 2π), ∀n = 1, . . . , N,

(25)

which is non-convex due to the lack of joint concavity in the
objective function concerning both Θ and wk. Hence, the opti-
mization of passive beamforming is unfeasible. Consequently,
there is a need to explore an innovative approach to simplify
the system design.

In wireless systems, opportunistic communications [29]
strike a favorable blance between performance and complexity
by leveraging multi-user diversity gain. The selection of an
opportunistic user, identified as k⋆, is based on the best
channel condition [18] according to the expression:

k⋆ = arg max
k∈{1,...,K}

{

∣

∣

∣

(

gTkΘH+ fTk
)

wk

∣

∣

∣

2
}

. (26)

In this scenario, the BS transmits the symbol exclusively to
k⋆, effectively degrading the multi-user system to a single-user
system. Consequently, the sum capacity in (24) becomes

C = log

(

1 +
∥

∥

∥g
T
k⋆ΘH+ fTk⋆

∥

∥

∥

2Pd
σ2
n

)

. (27)

The application of SDR has been employed to address a non-
convex quadratically constrained quadratic program (QCQP)
in a single-user IRS system, as discussed in [5]. However, its
direct applicability to the multi-user IRS system is not possi-
ble. Through user selection, SDR can be employed to jointly
optimize the active and passive beamforming specifically for
the selected user.

Define q = [q1, q2, . . . , qN ]
H

, where qn = ejφn . Let χ =
diag(gTk⋆)H ∈ C

N×M , we have gTk⋆ΘH = qHχ ∈ C
1×M .

Thus,
∥

∥gTk⋆ΘH+ fTk⋆
∥

∥

2
=
∥

∥qHχ+ fTk⋆
∥

∥

2
. Introducing an

auxiliary variable t, we have the optimization problem:

max
q

∥

∥tqHχ+ fTk⋆
∥

∥

2

= max
q

t2qHχχ
Hq+ tqHχf∗k⋆ + tfTk⋆χ

Hq+ ‖fk⋆‖2.
(28)

Define C =

[

χχ
H

χfHk⋆
fk⋆χ

H ‖fk⋆‖2
]

, v =

[

q
t

]

, and V = vvH ,

we have vHCv = Tr(CV), where Tr(·) denotes the trace of
a matrix. Thus, (28) is reformulated as

max
V

Tr (CV)

s.t. Vm,m = 1, ∀m = 1, . . . ,M

V ≻ 1

, (29)

where Vm,m means the mth diagonal element of V, and ≻
stands for a positive semi-definite matrix. The optimization
finally becomes a semi-definite program, whose globally opti-
mal solution V⋆ can be got by a numerical algorithm named
CVX [30].

A sub-optimal solution for (29) is given by v̄ = UΣ1/2r,
where r ∈ CN (0, IN+1) is a Gaussian RV, a unitary matrix
U and a diagonal matrix Σ are obtained from the eigenvalue
decomposition V⋆ = UΣUH . The jointly optimized phase

shifts are determined as Θ⊛ = diag

{

e
j arg

([

v̄

v̄
N+1

]

1:N

)

}

,

where [·]1:N denotes a sub-vector extracting the first N
elements and v̄

N+1
is the last element of v̄. Applying k = k⋆

and Θ⊛ into (27) yields a sum capacity

Cus = log

(

1 +
∥

∥

∥
gTk⋆Θ

⊛H+ fTk⋆

∥

∥

∥

2Pd
σ2
n

)

. (30)

F. Opportunistic Beamforming

Many existing approaches optimizing IRS phase shifts
assume perfect CSI, which is challenging to acquire due
to limited signal processing capability at the IRS. Recent
works on channel estimation protocols for such systems reveal
that training time increases with the number of reflecting
elements, compromising performance gains from deploying a
large number of IRS elements due to high feedback overhead.
Opportunistic beamforming [19] in a random-rotation-based
IRS-aided multi-user system involves beam selection during
a training period with multiple slots. In this period, the BS
generates multiple sets of orthonormal beamforming vectors.
Each user provides feedback only on its highest SNR. The BS
then employs beam selection based on the highest sum rate.

At the beginning of each time frame, there is a train-
ing period comprising T training slots. Within this training
period, the BS generates multiple sets of B orthonormal
beamforming vectors, with B < K. At each training slot,
denoted as t = 1, . . . , T , B pilot symbols are multiplexed
by their corresponding beamforming vectors. Specifically, the
transmitted vector during the tth training slot is expressed by

xt =
∑B
b=1 wb,tsb, where sb is the bth pilot symbol [20].



Substituting xt into (4), we obtain

yk =
√

Pd

(

gTkΘrH+ fTk

)

B
∑

b=1

wb,tsb + nk, (31)

recalling Θr, each entry of which takes value randomly from
[0, 2π). During each training slot t, every user k calculates
the values of SNRs per beam by considering sb, where b takes
values from 1 to B, as the desired pilot symbol, while treating
the remaining symbols as undesirable noise. Thus, we have

γk[t, b] =
Pd
∥

∥

(

gTkΘrH+ fTk
)

wb,t

∥

∥

2

Pd
∑

b′ 6=b

∥

∥

(

gTkΘrH+ fTk
)

wb′,t

∥

∥

2
+ σ2

n

. (32)

Then, each user provides feedback on its maximal SNR
represented as γ⋆[t, k] = maxb=1,...,B(γk[t, b]), along with
the corresponding index b⋆k = argmaxb=1,...,B(γk[t, b]). The
BS identifies the best user for each beam, and therefore a set
of B users. We write γ⋆[t, b] to denote the SNR of the best
user for beam b at training slot t. Using the scheduled users
got at training slot t, an achievable sum rate equals

Rt =

B
∑

b=1

log (1 + γ⋆[t, b]) . (33)

Following the training period, there are T sets, each compris-
ing B users. The BS then chooses the set of B users that yields
the highest sum-rate maxt∈{1,...,T}(Rt). Consequently, during
the subsequent data transmission period, the data symbols are
transmitted through the IRS to the respective users and the
achievable sum rate is

C = max
t∈{1,...,T}

B
∑

b=1

log (1 + γ⋆[t, b]) . (34)

V. CONCLUSIONS

This paper reviewed various multiple access techniques
in IRS-aided wireless systems. We comparatively presented
the fundamentals of different MA approaches in a unified
system model. The functionalities of these techniques were
illustrated through mathematical representations of transmitted
and received signals, alongside the derivation of closed-form
expressions for achievable spectral efficiency and sum rate.
The primary motivation of our work resides in delivering
an exhaustive survey, presenting a unified illustration, and
providing a holistic view. Our goal is to facilitate researchers
a comprehensive understanding of challenges and existing
solutions, and offer valuable insights to foster the design of
efficient multiple access strategies for IRS-aided systems.
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