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Abstract—In this paper, we study a multiuser multiple-
input single-output (MISO) ultra-reliable low-latency (URLLC)-
enabled intelligent reflecting surface (IRS) system, where a multi-
antenna access point (AP) transmits information symbols to
a set of URLLC users by taking into account short packet
transmission and low-latency wireless communication. In par-
ticular, the total system transmits power is minimized by jointly
optimizing active and passive beamformers at the AP and the
IRS, respectively. An efficient algorithm based on alternating
optimization (AO) is proposed to solve the main optimization
problem iteratively. Firstly, we adopt the difference of convex
functions (DC) and successive convex approximation (SCA) to
obtain a sub-optimal solution for the active beamformers at the
AP. Secondly, a penalty-based approach is adopted together with
the SCA technique to handle the unit-modulus constraints at the
IRS. Moreover, an explicit objective is proposed to provide a
better convergence. Simulation results exhibit the performance
of the proposed algorithm compared to other baseline schemes.

Index Terms—Ultra-reliable low-latency communication
(URLLC), intelligent reflecting surface (IRS), alternating
optimization (AO).

I. INTRODUCTION

Intelligent reflecting surface (IRS) has recently attracted
considerable research interest to enrich both the spectral-
and energy-efficiency of future networks with its simplistic
deployments [1]. Specifically, as a planar metasurface with
an extensive array of passive reflecting elements, IRS is
able to control the radio propagation environment by dy-
namically adjusting the amplitudes and phases of incident
signals. The IRS typically operates in a full-duplex mode
without increasing noise amplification and demanding active
radio-frequency (RF) chains for signal transmission/reception
and self-interference cancellation, making it a cost-effective
candidate for beyond fifth-generation (B5G) communication
systems [2]. The active beamformers at the base station (BS)
and passive beamformers at the IRS can alleviate the maxi-
mization of the spectral efficiency (SE) and the weighted sum
data rate of the network, as was shown in [3]. To achieve green
communication, the wireless power transfer and simultaneous
information and power transfer (SWIPT) and IRS can also
help maximize the network’s energy efficiency (EE) indicator

This work was supported by the CHIST-ERA grant SAMBAS (CHIST-
ERA-20-SICT-003), with funding from FWO, ANR, NKFIH, and UKRI.

by jointly optimizing the phase shifts at the IRS and active
beamformers at the transmitter [4].

On the other hand, ultra-reliable low-latency communication
(URLLC) has been identified as one of the critical issues
in the B5G wireless communication systems to realize short
packet transmission and low-latency wireless communication,
especially for sensitive applications such as health-care, au-
tonomous driving, and tactical Internet [5], [6]. However, the
conventional Shannon capacity formula can not be adopted for
the URLLC systems under the short package regime [7]. In [8],
a global optimal resource allocation for a URLLC system was
obtained, where the bandwidth, power allocation, and antenna
arrangement were optimized to minimize the weighted sum of
downlink (DL) and uplink average power consumption. The
authors in [9] designed the active BS beamforming vectors to
maximize the sum data rate performance of a multiple-input
single-output (MISO) orthogonal frequency division multiple
access (OFDMA)-URLLC system.

Additionally, an IRS platform could benefit the URLLC
users [10], [11] in confounding the latency dilemma. In [10],
an IRS-aided OFDMA-URLLC system was considered to
maximize the weighted sum data rate by jointly optimizing
the active beamforming vectors and phase shifts at the BS and
the IRS, respectively. [11] studied an IRS-aided mobile edge
computing system to minimize the latency by jointly optimiz-
ing the edge computing resources, computation offloading, and
beamforming matrices at both BS and the IRS. The average
decoding error probability (DEP) and achievable data rate of
an IRS-aided low-latency systems were analyzed in [12]. In
[13], authors exploited the user grouping concept to minimize
the total latency in IRS-enabled networks with URLLC users.

To the best of our knowledge, the gain of deploying the
IRS platform in URLLC, considering both the DEP and
average traffic load, has not been investigated in the literature.
Furthermore, since IRS boosts the network’s quality of service
(QoS), it is inspiring to consider a high data rate URLLC
service for more complicated use cases, such as a high signal-
to-interference-plus-noise ratio (SINR) region. We consider the
resource allocation algorithm design for a DL MISO URLLC-
enabled IRS system to address the aforementioned issues. Our
system model uses a multi-antenna access point (AP) to serve
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multiple single-antenna URLLC receivers using a smart re-
configurable reflector. Consequently, we focus on minimizing
the total transmission power in the proposed system, which
provides valuable insights for the system design. This paper
presents the following main contributions:

• We aim at minimizing the total transmit power of the
system by jointly optimizing active and passive beam-
formers at the AP and IRS, respectively, and DEP subject
to the minimum required data rate for each URLLC user.
In particular, the traffic of the URLLC users with finite
blocklength data rate is modeled as a chance constraint
which enables the network to assigns proper resources to
meet the aggregate traffic load.

• We exploit an alternating optimization (AO) resource
allocation algorithm to solve the formulated optimization
problem iteratively. For the active beamformers at the AP,
we first define a lower bound of the SINR and then apply
the difference of convex functions (DC) and successive
convex approximation (SCA) technique to obtain a sub-
optimal solution. Second, a penalty-based approach is
adopted along with the SCA technique to handle the unit-
modulus constraints at the IRS. In addition, to provide a
better convergence, an explicit objective is proposed to
design more efficient phase shifts.

• The simulation results reveal that deploying an IRS and
a multi-antenna AP can increase the performance gain of
the URLLC systems in terms of low latency and high
reliability. Besides, results show that the IRS is more
energy-efficient than the furnishing multiple antennas at
the AP.

Notations: Matrices and vectors are denoted by boldface
capital letters A and lower case letters a, respectively. For a
square matrix A, AT , AH , Rank(A), Tr(A), and ||A||∗ are
transpose, Hermitian conjugate transpose, rank of a matrix,
trace, norm of a matrix, respectively. A ⪰ 0 shows a positive
semidefinite matrix. IN denotes the N -by-N identity matrix.
diag(·) is the diagonalization operation. Diag(A) indicates a
vector whose elements are extracted from the main diagonal
elements of matrix A. The absolute value of a complex scalar,
and the Euclidean norm of a complex vector are expressed by
|·| and ∥·∥, respectively. ∼ CN (µ, C) denotes the distribution
of a circularly symmetric complex Gaussian (CSCG) random
vector with mean µ and covariance matrix C. The largest
eigenvalue of matrix X is denoted by λmax(X). Q−1(·) stands
for the inverse of the Gaussian Q-function. Pr(X > a) denotes
the probability that the random variable X assumes a particular
value strictly greater than a. Finally, CM×N represents an
M × N dimensional complex matrix and ∇x expresses the
gradient vector with respect to x.

II. SYSTEM MODEL

We consider a DL MISO system with N -element IRS, M -
antenna AP, and K single-antenna users with the set of K =
{1, ...,K} as shown in Fig. 1. Assume that Lk information
bits are assigned to user k, the AP encodes these information
bits into a block code with the length of md (symbols) which

is given by zk[l], l ∈ {1, 2, ...,md}. Subsequently, the transmit
signal at the AP can be expressed as s[l] =

∑
k∈K wkzk[l],

where wk ∈ CM×1 represents the beamforming vector for
user k. Denote the baseband equivalent channel responses
1 from the AP-to-IRS, IRS-to-user k, and AP-to-user k as
H ∈ CN×M , hIU

k ∈ CN×1, and hAU
k ∈ CM×1, respectively.

Also, define Θ = diag(β1e
jα1 , β2e

jα2 , ..., βNejαN ) as the
reflection-coefficients matrix at the IRS, where βn ∈ [0, 1] and
αn ∈ (0, 2π], ∀n ∈ {1, ..., N} are the reflection amplitude2

and phase shift of the n-th reflection coefficient at the IRS,
respectively. By defining hH

k ≜ (hIU
k )HΘH+(hAU

k )H , ∀k, as
the equivalent channel link, the received signal at user k can
be written as:

yk[l] = hH
k s[l] + nk[l]

∆
=

∑
k∈K

hH
k wkzk[l] + nk[l],∀k, l, (1)

where nk[l] ∼ CN (0, σ2
k) is the noise received at user k with

variance σ2
k. Then, the SINR at user k can be expressed as:

γk =

∣∣hH
k wk

∣∣2∑
i̸=k,i∈K

∣∣hH
k wi

∣∣2 + σ2
k

,∀k. (2)

It should be noted that in URLLC systems, the data blocks
must be finite and have a short length to guarantee low-latency
and high-reliability wireless communication. The precise ap-
proximation for the achievable data rate of each user is given
by [7]:

Rk(ϵk,wk,Θ) = Fk(wk,Θ)−Gk(ϵk,wk,Θ), (3)

where

Fk(wk,Θ) = log2(1 + γk),∀k, (4)

Gk(ϵk,wk,Θ) = Q−1(ϵk)

√
1

md
Vk,∀k. (5)

In addition, ϵk is the decoding error, md indicates the block-
length, and Vk denotes the channel dispersion which is given
by Vk = a2

(
1−(1+γk)

−2
)
, where a = log2(e). Generally, the

traffic load of URLLC user k can be described as a random
variable like Lk = νkΩk, where νk and Ωk are the packet
size and the packet arrival rate, respectively. To guarantee the
QoS of user k, the probability that the traffic load exceeds
the allocated total data rate for user k should be less than or
equal to the maximum tolerable probability of failure, ζ, on
supporting the traffic load [14]. Consequently, this constraint
can be written as:

Pr
(
Lk > Rk(ϵk,wk,Θ)

)
≤ ζ, 0 < ζ < 1, ∀k. (6)

In particular, for each user k, we consider the packet size
νk which is constant and the packet arrival rate Ωk that
follows the Poisson distribution with parameter Λk. Let FΩk

(·)
denote the cumulative distribution function (CDF) of the

1It is assumed that the channel state information (CSI) and the delay
requirements of all users are perfectly known at the AP (see [2]–[4], [9]).

2For reflection efficiency maximization, the amplitudes of all passive
elements are assumed to be one [2] i.e., βn = 1, ∀n.
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Fig. 1. A multiuser DL MISO URLLC-enabled IRS system.

packet arrival rate for user k. By performing some algebraic
manipulations, we can express inequality (6) as:

Rk(ϵk,wk,Θ) ≥ νkF
−1
Ωk

(1− ζ),∀k, (7)

where F−1
Ωk

is the inverse of CDF FΩk
.

III. PROBLEM FORMULATION

In this section, we aim at minimizing the total transmit
power of the considered system by jointly optimizing the
active beamformers at the AP, the phase shifts at the IRS, and
DEP. Accordingly, the problem of minimizing the total trans-
mit power of the system can be mathematically formulated as:

(P1) : minimize
wk,Θ,ϵk

∑
k∈K

∥wk∥2 (8a)

s.t. : Rk(ϵk,wk,Θ) ≥ νkF
−1
Ωk

(1− ζ),∀k, (8b)

|Θnn| = 1, ∀n, (8c)
ϵk ≤ ϵk,max, ∀k, (8d)

where (8b) is the minimum rate requirement of user k and
(8c) insures that the diagonal phase shift matrix has N
unit-modulus elements on its main diagonal. Finally, (8d)
guarantees the reliability of each URLLC user, where ϵmax
denotes the maximum error rate.

IV. PROPOSED SOLUTION

(P1) is a non-convex optimization problem due to the highly
coupled optimization variables. In general, there is no well-
organized method to solve (P1). However, we propose an alter-
nating optimization (AO) with low computational complexity
to achieve a sub-optimal solution. In the first sub-problem,
the successive convex approximation (SCA) technique and
difference of convex functions (DC) are applied to design the
active beamformers at the AP. While in the second one, the
phase shifts at the IRS are optimized by exploiting the penalty
approach and SCA technique. Also, a new objective function
was proposed to avoid the feasibility problem.

A. First-stage: Optimizing wk and ϵk with Fixed Θ

At this stage, we assume that the passive reflecting elements
at the IRS, i.e., Θ are fixed to design the active beamformers,
wk, at the AP and DEP, ϵk. By adopting semidefinite pro-
gramming (SDP), we have Wk = wkw

H
k and Hk = hkh

H
k ,

∀k. In the following, (P1) can be rewritten as:

(P2) : minimize
Wk,ϵk

∑
k∈K

Tr(Wk) (9a)

s.t.: Fk(Wk)−Gk(Wk, ϵk) ≥ νkF
−1
Ωk

(1− ζ), ∀k, (9b)

Rank(Wk) ≤ 1,∀k, , (9c)
Wk ⪰ 0, ∀k, (9d)
(8d),

where γk in Fk(Wk) and Gk(Wk) can be expressed as:

γk =
Tr(HkWk)∑

i∈K,i̸=k

Tr(HkWi) + σ2
k

,∀k. (10)

It is notable that constraint (9b) in (P2) is not concave. To
deal with it, we propose a set of auxiliary variables µk, ∀k,
to provide a lower bound of the SINR. Accordingly, we can
write the SINR in (10) as below:

0 ≤ µk ≤ γk =
fk(Wk)

gk(Wk)
,∀k, (11)

where the nominator and denominator of (11) can be expressed
as:

fk(Wk) = Tr(HkWk), (12)

gk(Wk) =
∑

i∈K,i̸=k

Tr(HkWi) + σ2
k, (13)

respectively. Finally, by exploiting the lower bound in (11),
the optimization problem in the first stage can be restated as:

(P3) : minimize
Wk,µk,ϵk

∑
k∈K

Tr(Wk) (14a)

s.t.: µk ≥ 0, ∀k, (14b)

µk ≤ fk(Wk)

gk(Wk)
,∀k, (14c)

Rk(ϵk, µk) ≥ νkF
−1
Ωk

(1− ζ), ∀k, (14d)

(8d), (9c), (9d),

where Rk(ϵk, µk) = Fk(µk)−Gk(ϵk, µk) in constraint (14d),
and the terms Fk(µk) and Gk(ϵk, µk) are given by:

Fk(µk) = log(1 + µk),∀k, (15)

Gk(ϵk, µk) = Q−1(ϵk)

√
a2

md

(
1− (1 + µk)−2

)
,∀k. (16)

(P3) is still a non-convex optimization problem. To overcome
this, we first modify the optimization problem and represent
it as the canonical form which is required for the DC forms.
Consequently, we apply first-order Taylor expansion to get a
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Algorithm 1 Iterative SCA Algorithm
Input: Set iteration number t = 0, maximum number of iter-

ations Tmax, and initialize the decoding error ϵk = ϵ0k, the
auxiliary variable µk = µ0

k, and the active beamformers
as Wk = W

(0)
k .

1: repeat
2: Calculate G̃k(µk) and Q̃k(Υk) as stated in (27) and

(28), respectively.
3: Solve (P5) to obtain {ϵtk, µt

k,W
t
k}.

4: Set t = t+ 1.
5: until t = Tmax
6: Return Υ∗

k = {ϵtk, µt
k,W

t
k} = {ϵ∗k, µ∗

k,W
∗
k}.

convex approximation of the non-convex terms. In particular,
constraint (14c) can be represented as

µkgk(Wk) ≤ fk(Wk)

⇒µkA(Wk) ≤ fk(Wk)− µkσ
2
k,∀k, (17)

where A(Wk) =
∑

i∈K,i ̸=k Tr(HkWi). Nevertheless, (17)
is a non-convex constraint since it is the product of two
optimization variables, i.e., Wi and µk, ∀i, k. However, it can
be decoupled by adopting the following form [9], [15]:

µkA(Wk) = Pk(µk,Wk)−Qk(µk,Wk), (18)

where

Pk(µk,Wk) =
1

2
(µk +A(Wk))

2
,∀k, (19)

Qk(µk,Wk) =
1

2
(µk)

2
+ (A(Wk))

2
,∀k. (20)

By denoting Υk = {ϵk, µk,Wk} as a set of optimization
variables, (P3) can be recast as follows:

(P4) : minimize
Υk

∑
k∈K

Tr(Wk) (21a)

s.t. : Fk(µk)−Gk(µk) ≥ νkF
−1
Ωk

(1− ζ), ∀k, (21b)

Pk(Υk)−Qk(Υk) ≤ fk(Wk)− µkσ
2
k,∀k, (21c)

(8d), (9c), (9d), (14b).

One obstacle, for solving the above optimization problem in
(P4) is the incorporating Q−1(·) function. To tackle this issue,
we introduce the following Lemma to approximate it.

Lemma 1: For 0 < ϵk < 1, an approximation of Q−1(ϵk)
is given by:

Q−1(ϵk) ≈
√

π

2
(B − Cϵk), (22)

where B and C are defined as:

B =
(
1 +

π

12
+

7π2

480
+

127π3

40320
+ ...

)
, (23)

C =
(
1 +

π

2
+

7π2

48
+

127π3

2880
+ ...

)
. (24)

By adopting the Lemma 1, the data rate constraint function in
(21b), can be rewritten as:

Fk(µk)−
√

π

2 md

(
1− 1

(1 + γk)2

)
(B−Cϵk) ≥ Rmin. (25)

However, (25) is still non-convex due to incorporating the
channel dispersion. Let assume that we are in the high SINR
regime and the channel dispersion can be approximated by:

Vk =

(
1− 1

(1 + γk)2

)
≈ 1. (26)

Consequently, equation (25) can be restated as follows:

Fk(µk)−

=G̃k(ϵk,µk)︷ ︸︸ ︷√
π

2 mk
(B − Cϵk) ≥ Rmin. (27)

It should be noted that the constraint (21c) belongs to the
class of DC problems [15]. Thus, the SCA technique can be
directly applied to approximate the non-convex problem in
each iteration. To this end, we use first-order Taylor expansion
to obtain a globally lower-bound of function Qk(Υk), ∀k. At
iteration t, the lower-bounds of these functions are given by:

Qk(Υk) ≥ Q̃k(Υk) ≜ Qk(Υ
t
k) + ∂T

µk
Qk

(
Υt

k

)
(µk − µt

k)

+ Tr
(
∇H

Wk
Qk

(
Υt

k

) (
Wk −Wt

k

))
,∀k, (28)

respectively. Then, by dropping the non-convex rank-one con-
straint (9c), (P4) with any given local point at iteration t can
be approximated as:

(P5) : minimize
Υk

∑
k∈K

Tr(Wk) (29a)

s.t. : Fk(µk)− G̃k(ϵk, µk) ≥ Rmin, ∀k, (29b)

Pk(Υk)− Q̃k(Υk) ≤ fk(Wk)− µkσ
2
k,∀k. (29c)

(8d), (9d), (14b).

The optimization problem (P5) is now a convex optimization
problem that can be efficiently solved by standard convex op-
timization solvers such as CVX. The iterative SCA algorithm
for (P5) is given in Algorithm 1.

B. Second-stage: Optimizing Θ with Fixed wk and ϵk

The main difficulties of optimizing the phase shifts at the
IRS is constraint (8c). To be more specific, constraint (8c) is a
unit-module constraint, which makes solving the problem in-
tractable. Accordingly, we first define θ = (ejα1 , ..., ejαN )H ∈
CN×1 and θ̃ = [θT τ ]T ∈ C(N+1)×1, respectively, where
τ ∈ C is a dummy variable with |τ | = 1. To facilitate the
solution design, we also define V = θ̃θ̃

H
∈ C(N+1)×(N+1).

Thus, we obtain:∣∣∣∣((hIU
k )HΘH+(hAU

k )H
)
wk

∣∣∣∣2≜Tr(VXkWkX
H
k )=Tr(WkYk),

(30)

where

Xk =

[ (
diag

(
(hIU

k )H
)
H
)T

(hAU
k )∗

]T
, (31)

Yk = XH
k VXk. (32)

Since the objective function in (P1) is independent of V, it
turns into a feasibility problem. To dispose of the feasibility
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problem, we resort to another technique in order to obtain Θ
by studying the subsequent optimization problem:

(P6) : maximize
V,αk

K∑
k=1

αk (33a)

s.t.: Tr(WkYk)−
∑

i∈K,i̸=k

Tr(µ∗
kWiYk)≥µ∗

kσ
2
k+αk,∀k, (33b)

Diag(V) = 1N+1, (33c)
V ⪰ 0, (33d)
Rank(V) ≤ 1. (33e)

Thus, the value of Θ can be obtained to maximize the SINR
margin from the minimum required values specified in (P1). It
is worth mentioning that constraint (33c) is forced to guarantee
the unit-modulus constraints. Generally, (P6) usually yield a
solution with a rank higher than one due to constraint (33c).
To handle it, we rewrite constraint (33e) in a mathematically
tractable form via the DC method. Thus, the equivalent form
of constraint (33c) can be represented as:

||V||∗ − ||V||2 ≤ 0. (34)

Note that ||V||∗ =
∑

i σi ≥ ||V||2 = maxi{σi} holds for any
given V ∈ HN×N , where σi is the i-th singular value of V.
The equality holds if and only if V achieves rank one i.e.,
Rank(V) = 1 [16], [17]. Now, we take the first-order Taylor
approximation of ||V||2 as:

||V||2 ≥ ||V(t)||2 + Tr
(
λmax(V

(t))λH
max(V

(t))(V −Vt)

)
.

(35)

By resorting to (35), a convex approximation can be obtained
for (34) which is given by:

||V||∗−||V(t)||2−Tr
(
λmax(V

(t))λH
max(V

(t))(V−Vt)

)
≤ 0.

(36)
Finally, with the convex constraint (36) at hand, the optimiza-
tion problem in the (t+1)-iteration can be written as follows:

(P7) : maximize
V,αk

K∑
k=1

αk (37a)

s.t. : (33b)–(33d), (36). (37b)

The optimization problem (P7) is now convex and can be
efficiently solved by CVX [4]. Eventually, the Final iterative-
based AO algorithm is provided in Algorithm 2.

V. NUMERICAL RESULTS

This section demonstrates the effectiveness of the proposed
algorithm for MISO URLLC-enabled IRS systems under finite
blocklength codes. A rectangular area with a dimension of
(100, 100) meters is considered, where the AP is placed at
(0, 0) m, while the IRS is located at (50, 0) m and all the users
are assumed to be randomly located inside the rectangular
area. The path loss model is given by 35.3 + 37.6 log10(dk)
dB, where dk indicates the distance between AP-user k in

Algorithm 2 Iterative AO algorithm
Input: Set i = 0, Imax, and initialize the phase shifts as Θ =

Θ0.
1: Repeat
2: Solve problem (P5) for given Θi, and obtain the

optimal solutions {ϵik, µi
k,W

i
k}.

3: Solve problem (P7) for given {ϵik, µi
k,W

i
k}.

4: i = i+ 1.
5: until i = Imax
6: Return {ϵ∗k, µ∗

k,w
∗
k,Θ

∗} = {ϵik, µi
k,w

i
k,Θ

i}.

Fig. 2. Impact of decoding error, ϵk , on the average transmit power.

kilometer. Furthermore, the convergence tolerance is set as
10−2, and a thermal noise density of −174 dBm/Hz is
assumed. Besides, the value of the maximum DEP for user
k is given by ϵk,max = 10−7. In addition, it is assumed that
the average traffic load for URLLC users is 0.1 Mbps, and
the bandwidth is set to 350 kHz and K = 4, N = 50 for all
simulation setups.

Fig. 2 shows the maximum DEP, ϵk,max on the average
transmit power for a block code with the length of 200
(symbols), i.e., md = 250. It can be seen that with increasing
the decoding error, the transmit power decreases. The more re-
liable a network is, the more transmit power is consumed. This
is because that Q−1(ϵk) is a decreasing function with respect
to ϵk which yields to declining Gk(ϵk,wk,Θ). Therefore, with
a small transmit power, the minimum data rate requirement can
be satisfied, decreasing the AP’s transmit power at the end.
This figure also investigates that the transmit power scales
down with an increasing number of reflecting elements at
the AP. We also compare our proposed scheme with two
baseline schemes. For baseline scheme 1, we consider fixed
beamforming at the IRS, while there is no IRS in baseline
scheme 2. This figure reveals that our proposed scheme has a
better performance than baseline scheme 2 due to deploying
IRS and jointly optimizing the beamforming matrices at the
AP and IRS compared to baseline scheme 1.

IRS is a promising approach for a green wireless commu-
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Fig. 3. Average EE vs. number of transmit antennas and reflecting elements.

nication system. Let us define energy efficiency (EE) as the
ratio of the total system data rate to the corresponding network
power consumption in [bits/Joule]:

Eeff (ϵk,wk,Θ)=

∑
k∈K

Rk(ϵk,wk,Θ)∑
k∈K

∥wk∥2+Ps+NTPd+Pc+MPDyn
, (38)

where Ps = 100 mW indicates the static power consumption
as required to maintain the basic circuit operations of the IRSs,
Pd = 0.33 mW is the dynamic power dissipation per reflecting
component, Pc = 1 W is the circuit power at the AP, and
PDyn = 100 mW is the dynamic power consumption of the
AP per antennas.

Fig. 3 illustrates the impact of the reflecting elements of IRS
and transmit antennas at the AP versus the EE. It is observed
that the EE increases with increasing the number of reflecting
elements. On the other hand, the EE of the system decreases
with increasing the number of antennas at the AP. This is
because with increasing the number of antennas at the AP,
the power consumption at the AP increases due to increasing
the number of RF chains which degrades the performance
of the system in terms of EE. One can conclude that the
IRS is more efficient for green wireless communication as
it does not consume more transmit power as they are passive
device. Besides, increasing the number of reflecting elements
provides more degrees of freedom for the network to increase
the network’s data rate while reducing the system’s transmit
power.

VI. CONCLUSION

This paper investigated the resource allocation for a DL
multiuser MISO URLLC-aided IRS system. In particular,
the resource allocation design for active/passive beamforming
was formulated to minimize the total transmit power while
considering the traffic load for each URLLC user as the QoS
constraint with adopting the sort packet transmission. The
underlying problem was non-convex. To handle this difficulty,

we first employed the AO method to divide the main prob-
lem into two sub-problems, i.e., active/passive beamforming
sub-problems. Then we adopted the SCA approach and a
penalty-based method to solve the beamforming matrices
subproblems, respectively. Simulation results investigated our
proposed scheme, taking into account that the IRS could help
the URLLC system meet the QoS service and reduce the trans-
mission power significantly compared to other conventional
methods. Simulation results also confirmed that the IRS could
also be beneficial for EE, which shows the significant effect
of the IRS on power-efficient green communication.
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