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Abstract—This paper, proposes a preliminary approach to 

optimal user-Reconfigurable Intelligent Surfaces (RIS) subset 

selection/assignment based on Multi-Armed Bandit (MAB) to 

improve the overall communication quality of wireless systems. 

Users select optimal RIS subsets based on the observations of 

previous selections to maximize the Spectral Efficiency (SE) 

based on instantaneous Channel State Information (CSI). The 

SE is drawn from Nakagami-m distribution and mean. The 

simulation results show that with the adopted approach faster 

RIS subset selection/assignment to the users can be achieved. 

Keywords—Multi-armed bandit (MAB), reconfigurable 

intelligent surfaces (RIS), RIS selection, spectral efficiency.  

I. INTRODUCTION 

The overall Quality of Service (QoS) in Reconfigurable 
Intellegent Surfaces (RIS)-aided communication systems can 
be improved by optimum user-RIS selection/assignment in 
multiple-RIS multiple user scenarios. However, user-RIS 
selection/assignment is hard to manage since channel 
estimation, frequent pilot transmission, phase shift 
optimization of each RIS and the transmission of RIS control 
signals require high computational time in the system [1].  

There are extensive practical studies on reducing the 
computational time for user-RIS selection/assignment in 
RIS-aided communication applications. In [1], a power based 
user selection method is proposed for RIS-aided multi-user 
massive Multiple-Input Single-Output (MISO). In [2], a user 
selection strategy is proposed in multi-RIS multiple user 
communications and lastly, [3] proposes optimum RIS 
selection method for the wireless networks. In line with these 
studies, we propose a RIS subset selection method based on 
Multi-Armed Bandit (MAB) Spectral Efficiency (SE) based 
on instantenous Channel State Information (CSI) is 
considered for the selection policy.  

II. SYSTEM MODEL 

This paper considers a downlink multi-RIS-aided multi-

user communication systems. There are ����  RISs in the 

system serving to ���  User Equipment (UE). Each RIS and 

UE is equipped with different number of antennas, �����, and ����, respectively. The system consists of one Base Station 

(BS) which is equipped with �
� antennas. The BS, RISs and 
UEs are equipped with Uniform Antenna Arrays (ULA). The 
RISs are randomly distributed and the locations of RISs are 
unknown by the central network controller. The direct link, 
between BS and all UEs are blocked by the obstacles. In each 
time interval, phase shifts of some RISs may or may not be 
optimized.   

At a given time interval, the transceiver activates a subset 

of RISs, ���� ≤ ����. All the possible RIS subsets in a set, 
, 
with cardinality can be expressed as: 

|
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The cascaded channel ��ϵℂ� !"×�$�
 between BS and the ���-th UE via ����-th RIS can be written as:    
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where 4�  and 45  are the number of scatters between the 

channels RIS-UE and BS-RIS, respectively, %&'  and (&)  are 

the path loss coefficients, * is the steering vector, ,&'��  and 3&0���  are the Direction-of-Arrival (DoA) and ,&'��  and 3&0��� 

Direction-of-Departure (DoD) components,  and 2ϵℂ� ���×� ���
. Alternating optimization [2] can be adopted 

for optimizing 2. 
Then, the received signal at the ���-th UE, 6�!"ϵℂ� !"×� 

can be written as: 6�!" = �78 + : (3) 

where �7ϵℂ� !"×�$�
 is the subset of cascaded channels ;ϵ
 

and is the sum of the channels formed by the selected RISs, 8 = <=�, … , =�$�@.ϵℂ�$�×�  is the modulated symbols with 

unitary average transmit power AB88CD = 1 and :ϵℂ� !"×�~GH �0, J5K� !"� is the additive white Gaussian 

noise (AWGN) with noise power J5. The subset of cascaded 

channel for ���-th UE where all the RISs are active can be 
written as: 

�7 = � ��
����

L��
 (4) 

The achievable spectral efficiency in bps/Hz at the ���-
th UE with an arbitrary subset of RISs, then, can be expressed 
as:  

M7�!" = log5 det TK� !" + �7J5U (5) 

We adopted a MAB RIS subset selection policy. In this 
sense path loss coefficients are independent but not 

identically distributed (i.n.i.d). In general, RIS-aided 
communication systems suffer from a heterogenous fading 



environment, thus, generic Nakagami-m fading channel is 
more suitable for path loss coefficients rather than Rayleigh or 

Rician channel models [2]. Then, the variables, V7, ����� and ���� are Nakagami-m RVs.   The fading severity and path loss 

coefficients are distinct. Denoting W ~Nakagami XY, Ω[  to 
represent a random variable (RV) following Nakagami-m 
distribution, the mean can be computed by: 

,̅ = Γ �Y + 12�ΓXY[ TΩYU� 5⁄
 (6) 

where Y > 0  indicates the severity of small-scale fading, Ω > 0  is equivalent to large-scale fading, the Gamma 

function ΓXa[ = b cde�feghcij .   

III. RIS SUBSET SELECTION POLICY 

In MAB, a set of arms are given as k = l1,2, … , 4m and the 

player selects an arm at each time c , where kgϵk  and the 

observe reward is a&n . At the beginning, the prior information 

of arms and the rewards are unknown to the player. The goal 
is to maximize the player's average profit within a certain 
period of time. 

In our approach, UEs are the independent players, 
channels of the RIS subsets are the arms and achievable 
spectral efficiencies are the rewards. It should be noted that 
locations of UEs are randomly distributed, thus, same RIS 
subset has different rewards for distinct UEs. It is assumed 
that only the cumulative reward is known where all the RISs 
are active. Instead of tracking the spectral efficiencies for 
each subset of RISs, an approximation for the proportional 
reward gain by the each related RIS channel within a subset 
is recorded [4].  

Due to the limited space, the entire derivation of the 
adopted MAB approach for RIS subset selection is not given, 
however, detailed explanation can be found in [4]. 

Considering ,o� is a counter that tracks the samples mean of 

the rewards obtained from each RIS, and 3p� is a counter that 
tracks the number of times a particular RIS selected.  The RIS 
subset selection is given in Algorithm 1. 

Algorithm 1 RIS Subset Selection Policy 

1: Inputs: ,o� = 0, 3p� = 0, � = 1, … , ����  

2: Initialize: Play each arm once. 

Update ,o�, 3p� 
3: Repeat 

4: arg max7u� � ,o� + vX����  + 1[ ln c∑ 3p��u7�u7
 

5: Update ,o�, 3p� 
6: c = c + 1 

7: Until t = y 

IV. SIMULATION RESULTS 

In this section, we evaluate the proposed RIS subset selection 

policy. We consider there are ���� = 3 RISs and ��� = 4 

UEs and the number of total RIS element is ∑ ����� =�����600,  The reward distribution (spectral efficiencies) and 
means are unknown to the UEs at the beginning; however, 
distributions and means are modeled using (4) and (5). In 

order to calculate the respective means each RIS subset has 

different Y and Ω for distinct UEs. The respective means for 

the ���-th UE can be expressed as: }~ = l0.13,0.26,0.44,0.73,0.58,0.86,0.67m (7) 

where }~� denotes the subset which only contains the first RIS 

as ; = l1m  and }~�  denotes the subset of all RISs as ; =l1,2,3m. The 6th RIS subset is the optimal choice for the ���-
th UE. 

Fig. 1 compares the regrets achieved from the naïve and 
the proposed MAB solution in [4] for 4000 trails averaged 
over 100 runs. The optimal RIS subset can be selected faster 
with the propose approach in [4], thus, the overall QoS can 
be established and users are assigned to best RIS subsets in a 
short time.   

 
Fig. 1.  Regret with respect to time. 

V. CONCLUSION 

This paper proposed a preliminary approach for optimal 
user-RIS selection/assignment in multiple-RIS multiple user 
scenarios. Nakagami-m fading model was adopted to 
determine the means of SE. An MAB strategy was adopted for 
the optimal RIS subset selection. It was shown that the fast 
RIS subset selection can be achieved, thus, user-RIS subset 
assignment can be performed in a short period of time. Future 
scopes are to propose a faster and more robust RIS subset 
selection method and extend the analysis.  
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