
2022 IEEE Global Communications Conference: Signal Processing for Communications 

Robust Design for the IRS-Assisted Multicast 

Communications with Statistical CSI Errors 

Bolin Chen*, Jiangtian Niet, Weiheng Jiang*, Xiaonan Zhangtand Zehui Xiong’ 
*School of Microelectronics and Communication Engineering, Chongqing University, Chongqing, China 

Email: chenbolin@cqu.edu.cn; whjiang @cqu.edu.cn 

tSchool of Computer Science and Engineering, Nanyang Technological University, Singapore 

Email:jnie001 @e.ntu.edu.sg 

‘Department of Computer Science, Florida State University, Florida, USA 

Email:xzhang @cs.fsu.edu 

§pillar of Information Systems Technology and Design, Singapore University of Technology and Design, Singapore 

Email:zehui_xiong @ sutd.edu.sg 

Abstract—Intelligent reflecting surface (IRS) is considered as 

an effective technology to enhance the performance of wireless 
communication systems. In this paper, the robust optimization 
design of the IRS-assisted wireless multi-group multicast MISO 
system with statistical CSI errors is investigated. Two optimization 
problems, namely max-min fairness problem and QoS problem, 
are discussed separately. In order to deal with the non-convex 
imperfect CSI constraint, the Bernstein-type inequality is utilized 
to transform the outage probability constraint into a second- 
order cone (SOC) constraint and linear inequalities. Furthermore, 
two efficient algorithms based on alternating optimization (AO) 
are proposed to solve the reformulated problems, respectively. 
In particular, the semi-definite relaxation (SDR) technique is 

applied to optimize the transmit beamforming and IRS reflection 
coefficients. The numerical simulation results indicate that by 
deploying IRS and utilizing the proposed algorithms, the system 
performance can be improved significantly. However, the gain of 
introducing IRS in the system heavily depends on the bound of 
the CSI error. 

Keywords—Intelligent reflecting surface, multi-group multicast, 
fairness, QoS, beamforming, imperfect CSI. 

I. INTRODUCTION 

In recent years, a reconfigurable planar array technology 

called intelligent reflecting surface (IRS) has attracted exten- 

sive attentions from scholars. The IRS can intelligently control 

both the phase shift and amplitude of reflected electromagnetic 

waves incident on it in a programmable manner. With the 

help of IRS, wireless communication spectrum and energy 

efficiency can be improved without significantly increasing 

system deployment costs [1]. In view of the special functional 

properties of IRS, the IRS-assisted wireless communication 

system often confronts the non-ideal issues, like imperfect 

channel state information (CSI). Therefore, in order to promote 

the practical deployment and application of IRS, the robust 

optimization design under non-ideal conditions is attracting 

much attentions. 

Preliminary research has been done on the performance anal- 

ysis and optimization of IRS-enabled wireless communication 

systems with imperfect CSI. [2] considered an IRS-assisted 

MIMO system, where the beamforming at the base station (BS) 

and phase shifts at the IRS were optimized to maximize the 

average sum rate of the system, and a penalty dual decomposi- 

tion (PDD) based robust design was proposed. [3] focused on 

the impact of CSI errors on the outage performance of multi- 

user downlink communication systems, where the transmit 

precoding vector at the access point (AP) and the discrete 

phase shift at the IRS were jointly optimized to minimize the 

transmit power. [4] studied the robust beamforming design of 

IRS-assisted cognitive radio (CR) system with cascade CSI 

errors, which jointly optimized the transmit precoding matrix 

and IRS phase shifts. [5] investigated the worst-case robust 

beamforming design in an IRS-aided multi-user MISO system, 

and [6] discussed the resource allocation problem of multiple 

IRSs-assisted multi-user MISO systems. 

Furthermore, for the problem of IRS-assisted wireless multi- 

group multicast communications, only a few researches has 

been carried out at present. Specifically, [7] considered an 

IRS-assisted downlink multicast system, and maximized the 

sum rate of all multicast groups by jointly optimizing the 

precoding matrix of the BS and the reflection coefficient of 

the IRS. [8] discussed a MISO secure communication problem, 

where the transmit power was minimized under the secrecy rate 

constraint. [9] studied a multicast SISO system and proposed 

a novel stochastic passive beamforming scheme in which the 

IRS performed @ > 1 independent random reflections in each 

channel coherence interval without acquiring CSI. 

Although there have been researches on IRS-assisted wire- 

less communication systems under imperfect CSI, the studies 

on the IRS-assisted wireless multi-group multicast problem 

are still based on perfect CSI conditions. The more practi- 

cal problem of IRS-assisted robust multicast system has not 

been discussed yet. The purpose of this paper is to study 

the wireless multi-group multicast robust system, and discuss 

the fairness problem and QoS problem under the statistical 

CSI error model. The Bernstein-type inequality is adopted 

to transform the outage probability constraint into a second- 

order cone (SOC) constraint and linear inequalities. Then, 

an alternating optimization (AO) based algorithm is proposed 

for the reformulated problems. Finally, numerical simulations 

show that the introduction of IRS and the proposed algorithm 
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can significantly improve the system performance. 

II. SYSTEM MODEL AND IMPERFECT CSI MODELS 

Consider the IRS-assisted downlink wireless multi-group 

multicast system, as shown in Fig. 1. The BS is equipped 

with N antennas, and the IRS adopts a uniform planar array 

structure with M reflection elements. Besides, there are K 

users in the system each with a single antenna. Define the 

multi-group set as G = {G1,Go,...,Gq}, where G, denotes the 

ith (¢ € Z = {1,2,...,G}) multicast group user set. Assuming 

that each user only belongs to one multicast group, the number 

of multicast groups G = |G| satisfies 1 < G < K. Also, let 
G;, = |G,;| be the number of users in the multi-cast group G;, 

then )70.,G;=K. 

IRS Controller IRS 

oe 
>) ™, 

h C\ we 
mm \ Pd, 

“ G 

  

      

Fig. 1. IRS-assisted wireless multi-group multicast system. 

Furthermore, define the reflection coefficient of the mth IRS 

reflection element as Ym = e7°", where Om € [0,27),m = 

1,2,...,M@, and denote ® = diag (1, 92,...,¢m) as the 

diagonal matrix of IRS reflection coefficients. Besides, the 

channels between BS-IRS, IRS-user &, and BS-user k are 

defined as G ¢ C™@*N, AB, © C1X™ and hf, © CX, 
respectively. Denote w; € C%%*+ as the beamforming vector 

of the BS to the multicast group G;. Then, the transmit signal 

of the BS is given by « = ye w,;8;, where s; is the symbol 

transmitted from the BS to multicast group G;. Assume that 

{s;}@, are statistically irrelevant random variables with zero 
mean and unit variance, then E(s;s}) = 1. Therefore, the 

signal received at the user k is 

G 

yn = (hE, ®G + hZ,) S> wisi +n, Vk €Gi,Vi EZ, (1) 
i=1 

where nj, ~ CN (0,0?) represents the additive white Gaussian 
noise at the user k. 

Define H, = diag (n#,.) G as the cascade channel es- 

tablished by the BS and the user & through the IRS, and 

= (P1, 92)--5Y um)" as the IRS reflection coefficient vector. 

Then, (1) can be further represented by 

G 

ye = (94 Hy + hi,,) D> wisi t+ ne, Vk EGi,Vi EZ. (2) 
i=l 

Therefore, the signal-to-interference-plus-noise ratio (SINR) 

for user k is given by 

|(e* He + nif.) W; ? 
5 . 

(o" He + hi.) w;| +o? 

  Sp=   G (3) 
Liisi   

Furthermore, the CSI uncertainty models are as follows, 

Wk EG, Vi € T, 
{ H, — H;, + AH; (4) 

hi, = hd, + Ahi}, 

in which H;, and hij, represent the estimated channels for 
the direct and cascade links, respectively, and AH; and 

Ahi ,, stand for the corresponding channel uncertainty errors, 

respectively. Herein, a kind of practical CSI error model, i.e., 

statistical CSI error [10], is considered, which is denoted by 

vec (AH) ~ CN (0,2 yx), DH,% & 0, 

Ahi, ~ CN (0, Zax), Zan = 0. 

(Sa) 

(5b) 

where S17,, and Ug,, represent the error covariance matrices. 

III. ROBUST OPTIMIZATION DESIGN PROBLEM 

A. Fairness problem 

First, the fairness problem under the statistical CSI error is 

discussed in this subsection, which is given by 

i > 
(wile kegs eZ Pr {Sk/1e 2 Re} (6a) 

G 

st. D7 |lwilla < P, (6b) 
i=1 

(4), (5a), (58), 
(6c) 

on =Lma1 nM 8 
where Pr {-} represents the probability, R;, is the requirement 

of the weighted SINR and P is the maximum power at BS. 

By introducing an auxiliary variable ¢ € (0, 1], the optimiza- 

tion problem (6) can be equivalently denoted as 

max ft (7a) 
{wi}Z,,8,t 

G 

st. >> ||willa < P, (7b) 
t=1 

Pr {Sk/Y¥e > Re} >t, (7c) 

(4), (5a), (58), (7d) 

om!” =l1m=1,2.,...,M. (Te) 

Since it is difficult to obtain the closed-form expression of 

the outage probability constraint (7c), the problem (7) is hard 

to deal with directly. Nevertheless, it can be tackled through the 

AO algorithm after transforming (7c) into a handleable form, 

whose specific procedure is as follows. 
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1) Constraint (7c) transformation: Before discussing the 

processing of (7c) in detail, the Bernstein-type inequality [11] 

is given as follows. 

Lemma I: Denote e ~ CN (0,1,,) as a circularly symmetric 
complex Gaussian (CSCG) random vector, (Q,7r,s) € H” x 
C” x R as arbitrary 3-tuple variables. For any p € [0,1], the 

following approximation holds: 

Pr {e"Qe + 2Re {e"r}+s>0}>1-p (8a) 

=>Tr (Q) — V2n(1/p)¥ lQl/p + 2llrl? 
+In(p) At (-Q) +820 (8b) 

Tr (Q)— V/2In(1/p)z + In(p)y +820 

> VQ + 2lr|? <2 (8c) 
yln+Q>0,y2>0 

where x and y are slack variables, Tr {-} denotes the trace of a 
matrix. At (—Q) = max (Amaz (—Q) , 0), in which Amozx {:} 
means the maximum eigenvalue of a matrix. 

In order to utilize Lemma 1 to deal with (7c), let p = 1-12, 

then (7) can be further rewritten as 

min (9a) 
{wi}, ,8,p 

s.t. (7b), (7d), (7e), (9b) 
Pr { (p" Hy, + h#,) Ox(o"H, +h¥,)” — 02 > of 

>1-p,VkKeEG;,Vi € ZT, (9c) 

where ©, = ww} /y,Re-W-iW%,, W-: 4 

(W1, Wa, ..., Wi-1, Wi41, +, WE). 
According to [12], assuming Xy, = CF pl and Dak = 

cael, the statistical CSI error model (5) can be simplified as 

vec (AH) = €xninyes tan ~ CN (0,0), (10a) 

Ah, = Ed,ktd,ks tak ~ CN (0, I) ; (10b) 

Then, the outage probability in (9c) can be rewritten as 

Pr {(p" Hy + hit.) Ox (Ay + han) — 0% 

+ 2Re { (p" Hy + hd!) Ox (AH? y + Ahax) } 
+ (p" AH; + Ah},) Ox (AHA pe + Ahax) > 0}. (11) 

The third term of (11) can be further denoted by 

2Re {€a,k (p" Hy + hd.) Oxtak 

+en,,vec™ (yp (p" Ay + hin) O;.) tine} 

5 ope {uflix}, (12) 

in which i¢ = [i,,i%,| "oa 
€a,kOx (Ap + hax) 

En,Rvec™ (¢ yp" A, + Ra) ©; 

Besides, the fourth term of (11) can be further denoted by 

Cantar Ontan + 2Re {eanEnntin (Ox BY") tz, 

+ ey pty, (Ox @ EB’) the, 

S iF Unie, (13) 

in which @ is the Kronecker product, = = pp", U, = 
| £4 Ok EakEH,k (Ox ® Y") 

Ed,kEH,k (Ox ® Y*) eH k ©, © BT 
Substituting (12) and (13) into (11), the outage probability 

constraint can be equivalently given by 

Pr (if Upin + 2Re {ugiiz}t+up>0)>1-—p, (14) 

where ue = (pH, + hi) Ox (Alp + hax) — of. 
Then, by introducing auxiliary variables a = [z1, vey 2K) 

and adopting Lemma 1, the data outage probability of user k 

can be approximated as 

Tr (Ux) —V2In (1/p)ax + In (p) yx + uz 20, (15a) 

Vall + 2lluell? < xe, (15b) 
yr + Ux = 0, uk = 0. (15c) 

The terms in (15) can be simplified as 

Tr (Uz) = (44 + 4M) Tr (Ox), (16a) 

Welle = (he tee)” Onli (16b) 
= = 2 

lluall” = (€2,¢ + eine) || (C7 He + AF.) Ox||,, (160) 
yal + Up = O => yal + (654 + Cir ~M) Ox = 0. (16d) 

Finally, the problem (10) can be equivalently denoted by 

min op (17a) 
Wi Ps P,/L,Y 

s.t. (7b), (7e), (17b) 

(ean + €u,.M) Tr (Ox) — V2In(1/p)ax + In (p) ye 

+ up, > 0,Vk € G;,Vi € ZT, (17c) 

(€4) + 34M) vec (Ox) 
- _ < Lk, 

2 (€4) + 34M) ©; (Hip + ha,k) 

Vk € Gi, Vi ET, (17d) 
Yel + (ean + cit.) O, = 0, y~ > 0, Vk € G;, Vi € ZT. 

(17e) 
Due to the unit modulus constraint and the coupling of the 

optimization variables w,; and y, the optimization problem 

(17) is still non-convex and intractable. Thus, an AO based 

algorithm is designed to solve it iteratively. 
2) Optimization of the transmit beamforming and auxiliary 

variables: For the given IRS reflection coefficient y, the trans- 

mit beamforming and auxiliary variables are optimized herein. 

Define T; = w;w}?, then ©, = T;/y4Re — ar T;. The 
subproblem is given by 

min p (18a) 
Ti,p,.e,y 

s.t. (17), (17d), (17e), (18b) 
G 

SOT r (Ti) < P,Ti = 0,rank(T;)=1,VieZ.  (18c) 
i=l 

Herein, (18) can be solved by performing a bisection search 

on p and solving a series of feasibility-check problems [13]. 
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However, due to the rank-1 constraint, feasibility-check prob- 

lems are still non-convex. By removing the rank-1 constraint 

through the semi-definite relaxation (SDR) method [14], they 

become convex problems, which can be solved by the CVX 

tool. Then the obtained T; can be further processed through 

the Gaussian randomization method [14] to derive the transmit 

beamforming. 

3) Optimization of IRS reflection coefficients and auxiliary 

variables: Now, for the fixed transmit beamforming w,, IRS 

reflection coefficients and auxiliary variables are optimized. 

The subproblem is given by 

min (19a) 
P.pP,2f.y 

s.t. (7e), (17c), (17d), (17e). (19b) 

Similar to the optimization problem (18), (19) can be 

solved by performing a bisection search on p and solving 

a series of feasibility-check problems. According to [15], 

3 order to improve the convergence of y, slack variables 

= (fi,...., Bx) > 0 are introduced herein, and u, in the 

consti (17c) is updated by 

= (p" Ay + hi) Ox (Hie + han) — of — Br 

= Tr (P,E)+ hg, Orhar - oR — Be, (20) 

H,©,H# H,@.hak H here P, = | = + k) Ra ,e= 
where k= | he 0 = e€€ e= 

T 
[¢~ 1]. 

Furthermore, the constraint (17d) can be rewritten as 

2 2 
(Ean + e.M) |Gxlle 

+2 (can + €ieM) (Pr (QxE) + h7,O7 Orhan) 

< aRe {x (a4 _ (« my’ Vk €G;,Vi ET, (21) 

_, H,0%0,Hf H,e%O,h in which Q, = i, OF OH k Fo kld,k | a” 

is the optimal solution in the nth iteration. 

Note that the constraint (17e) is independent of y, and it 

is transformed from Xt (—Q) in Lemma 1, so we have y_ = 

max (Amar (£24 + €%,4M) Ox,0) Vk € Gi,Vi €T. 
Therefore, the feasibility-check problem about ¢ corre- 

sponding to the problem (19) can be formulated as 

n nosh (22a) 

s.t. (65), +€34.M) Tr (Ox) — /21n (1/px) ax 

+n (pk) yx + uy > 0, Vk € G;,Vi ET, (22b) 
(21), 8 20, (22c) 
E > 0,rank(E) = 1, [Eligm =1,m=1,...,M. (22d) 

Still, (22) is non-convex due to the rank-1 constraint in 

(22d), which can be removed through the SDR method [14]. 

The resulting convex problem can be solved by the CVX 

tool. If the obtained optimal solution E* satisfies the rank- 

1 constraint, the solution to (19) is derived by E* = e*e*; 

Otherwise, the desired IRS reflection coefficient y is derived 

through the Gaussian randomization method [14]. 

In summary, based on the AO algorithm, the problem (6) can 

be solved by alternately optimizing the transmit beamforming 

w, and the IRS reflection coefficient y. 

Besides, the approximate complexity of the subproblem (18) 

O ([K (2N + 2)]/?n; (mn? + 2m, KN? + 2K N3+ 
mK(N?+N)’)), where ny = GWN, and that of the 

subproblem (22) is og = O (M1/?ng (n3 +noM? + M3)), 
where ng = M. Then, the approximate complexity of the 

problem (6) is or + o¢. 

B. QoS problem 

The QoS problem under the statistical CSI error model is 

further discussed in this subsection. The transmit beamforming 

and the IRS reflection coefficient are jointly optimized to mini- 

mize the transmit power while satisfying the outage probability 

of users. Specifically, the optimization problem is as below 

is Of = 

wt > Ile lls (23a) 
Wi i= pe = 

s.t. Pr {log, (- St) > re} > 1— pr, 

Vk € Gi, Vi € T, (23b) 

(4), (5a), (58), (23c) 
lom|? =1,m = 1,2,...,M, (23d) 

where px € (0, 1] represents the outage probability. Therefore, 

constraint (23b) guarantees that the probability of each user’s 

communication rate greater than r; is not less than 1 — px. 

Similarly to that for constraint (7c), (23b) is first rewritten as 

Pr { (o" Hh + hi,) @'.(p" Hi + ney" —o%> of 

>1— pr, Wk € Gi, Vi € T, (24) 

in which ©’; = ww} /(2" —1)—W_,wie,. 

Furthermore, utilizing the same method as (9), the equivalent 

optimization preven of (23) can be obtained as 

wn, lens 3 (25a) 

st. (€44 +€u4.M) Tr (O’x) — 21m (1/px) 2x 

+ In (px) yr + ul, > 0,Vk € Gi, Vi € T, (25b) 

(2, + 3, M) vec (O’,) 
_ — < Xk, 

2 Gr + 34M) oO’, (Hy + hax) 

Vk € Gi, Vi ET, (25c) 
Ye + (ean + €inM) Oy & 0, yn > 0, Vk €G;,Vi ET, 

(25d) 

|eml? = l,m =1,2,...,M, (25e) 

where uf! = (pF, + hi.) O's (Hp + hae) — 02. 
However, the optimization problem (25) is still non-convex 

and intractable due to the coupling of the optimization variables 
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w, and w. Nevertheless, it can be solved by the AO method, 

and the specific process is as follows. 

First, for the given IRS reflection coefficient ~, the transmit 

beamforming w,; is optimized. Defining T; = ww, O', = 

T; / (27 —1)- ee T;, the subproblem is given by 

G 

grin, » Tr (Ti) (26a) 

s.t. (25b) , (25) , (25d) , (26b) 

T; = 0,rank (T;) =1,Vi € Z, (26c) 

Due to the rank-1 constraint, (26) is non-convex. Similarly, 

the SDR method is adopted to remove the rank-1 constraint, 

and the resulting optimization problem can be solved by the 

CVX tool. Then, the Gaussian randomization method is further 

applied to obtain the beamforming vector. 

Next, for the given transmit beamforming w,;, the IRS 

reflection coefficient y is optimized. The optimization sub- 

problem becomes a feasibility-check problem about y~, which 

is the same as (19) when fixing p. 

Finally, the approximate complexity of the problem (23) is 

consistent with that of (6), which is omitted here. More details 

about the proposed algorithm can be found in [16]. 

IV. SIMULATION RESULTS 

Numerical simulations are presented in this section to eval- 

uate the performance of the proposed algorithm. Specifically, 

the antenna of the BS is N = 4, the number of multicast 

groups is G = 3, the total number of users is K = 6, the 

number of IRS reflection elements is M@ = 20, the average 

noise power of the users is set to a? = —80dBm, and the 

transmit power is set as P = 36dBm. The coordinates of 

the BS and the IRS are (0,0) and (40,8) respectively. Besides, 

the users are randomly distributed in their respective multicast 

groups, whose abscissa range is (60,75) and ordinate range is 

(-5,5). The channel between any two nodes can be denoted 

as H = 4/Lo(d/do) “Ges, where Lo represents the path 

loss at the reference distance dg = 1m, d is the distance 

between two nodes and a means the path loss exponent. Gog 

stands for the small scale fading component, which is given by 

Gssp = /B/(14+ 8B) Caer + V/1/(+ B)GNeS, where 8 
is the Rician factor, G¥°° and GN4°5 denote light-of-sight 
(LoS) components and non-LoS components, respectively. 

Herein, Rician factors are set as 5 and the path loss exponents 

are set as agy = 3.6, apy = 2.2 and ary = 2. 

For the statistical CSI error model, the variances of 

vec (AHs) and | Ahy are defined as itn = = 6? 2, |\vec (H,)|| 

and ea, r= OF * respectively, where 57; and 6g stand for 
the relative amount of CSI uncertainties. Besides, the outage 

probability is set as p, = 0.05. 

In addition, two comparison schemes are introduced here. 

The first one is the non-IRS scheme, in which the design is 

only based on the transmit beamforming [17]. The other one 

is the discrete scheme which is based on the proposed AO 

       

algorithm but the IRS has discrete phase shifts [18]. Besides, 

for the discrete scheme, only 2-bit quantization is considered. 
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          8 
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Fig. 2. The influence of CSI uncertainty on the minimum SINR for the 
fairness problem 

For the fairness problem, the influence of the channel 

uncertainty on the minimum SINR of users is analyzed, and 

the results are shown in Fig. 2. First, fix the cascade channel 

uncertainty as 64 = 0.01 and increase the direct link channel 

uncertainty 5g, whose results are shown as the solid lines. 

Although the performance of all algorithms is degraded, the 

SINR improvement brought by the proposed AO algorithm 

and the discrete scheme is clearly better than that of the non- 

IRS scheme. Subsequently, the direct link channel uncertainty 

is fixed as dg = 0.02 and the cascade channel uncertainty 

Oxy is gradually increased, whose results are shown as the 

dotted lines. The minimum SINR obtained by the AO algorithm 

and the discrete scheme gradually decreases and tends to 

the performance of the non-IRS scheme, while the non-IRS 

scheme is not affected, since there is no cascade channel. 

Besides, the discrete scheme is always close to the performance 

of the AO algorithm, whose gap in minimum SINR is less 

than 0.2 dB. By fixing one channel uncertainty 6g (or dy) 

unchanged and observing the influence of the other one, it can 

be seen that the direct link channel uncertainty has a greater 

impact on the proposed algorithm and the discrete scheme, 

whose minimum SINR experiences a faster decrease. 

Then, for the QoS problem, the influence of the channel 

uncertainty on the BS transmit power is analyzed, and the 

results are shown in Fig. 3. It is assumed that the minimum 

communication rate for all users is set as r;, = 3 bit/s/Hz. 

First, fix the cascade channel uncertainty as 64 = 0.01 and 

increase the direct link channel uncertainty dz, whose results 

are shown as the solid lines. All the schemes require more 

transmit power, among which the proposed AO algorithm 

and the discrete scheme can significantly save transmit power 

budgets. Then, the direct link channel uncertainty is fixed 

as dq = 0.02 and the cascade channel uncertainty dy is 

gradually increased, whose results are shown as the dotted 

lines. The non-IRS scheme is not affected, but the transmit 

power consumption of the AO algorithm and discrete scheme 

are getting higher. Similarly, the discrete scheme is always 

close to the performance of the AO algorithm, whose gap in 
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problem 

The influence of CSI uncertainty on the transmit power for the QoS 

power budget is less than 0.3 dBm. By fixing one channel 

uncertainty 6g (or dz) unchanged and observing the influence 

of the other one, it can be seen that the cascade channel 

uncertainty has a greater impact on the proposed algorithm, 

leading to more transmit power consumption and a faster 

growth trend. Moreover, when 6g = 0.02 and dy > 0.055, 

the power consumption of the AO algorithm is higher than 

that of the non-IRS scheme, which indicates that the proposed 

scheme is not useful anymore. 

Vv. CONCLUSION 

The robust design of IRS-assisted wireless multi-group 

multicast system is discussed in this paper, where the fairness 

problem and the QoS problem under the statistical CSI error 

model are considered. The Bernstein-type inequality is utilized 

to transform the outage probability into the SOC constraint 

and linear inequalities. Then, an efficient AO based algorithm 

is proposed to solve the formulated non-convex problem, 

where the feasibility-check method, SDR method and Gaussian 

randomization are adopted. Simulation results indicate that the 

proposed algorithm can effectively improve the performance 

of multi-group multicast systems. However, the performance 

gain obtained by the proposed algorithm can be significantly 

affected by the channel uncertainty error level. It means that 

the precise channel estimation is crucial for the IRS-assisted 

communication system, otherwise deploying IRS will not bring 

performance gains to the system, or even worsen the system 

performance. 
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