
URSI GASS 2021, Rome, Italy, 28 August - 4 September 2021 

 
 

Weighted Majority Game-based Femtocell Selection and Beam Allocation for 5G-IoT 
 

Priti Deb*(1), and Debashis De (1), (2) 

(1) Maulana Abul Kalam Azad University of Technology, West Bengal 

Simhat, Haringhata Farm, West Bengal 741249, India 

(2) Department of Physics, University of Western Australia,  

35 Stirling Hwy, Crawley WA 6009, Australia 

*pritidb@gmail.com 

 

 

Abstract 
 

This article proposes a weighted majority game based 

femtocell selection and beams allocation approach for the 

5G-IoT network. This approach is for the indoor region as 

small cell base station is considered. Here Multiple Input 

Multiple Output (MIMO) base station is the primary base 

station under which femtocells are deployed. MIMO with 

spatial modulation transmits the signal to the femtocell. 

Multiple IoT devices are connected with femtocell and 

share the same communication resources. Beamforming 

allows a proficient organization of intercell interference 

for short-distance data transmission. Weighted majority 

co-operative game based femtocell selection and beam 

allocation strategy is proposed here. The performance of 

the proposed approach is measured by simulation results 

which illustrates that the proposed architecture diminishes 

power consumption by 10-15%. Comparative analysis 

with existing approaches shows that it is a novel and 

green approach. 

 

1 Introduction 
In the area of advanced mobile communication, energy 

efficiency, and spectral efficiency are leading issues for 

5G wireless communications [1]. 5G mobile network is 

going through some severe challenges, such as the need 

for one million connections per kilometer square area and 

user connectivity in the Gbps data rate to meet the 

demand of the end-users [2]. IoT environment is 

nowadays totally based on 5G mobile network, as massive 

connectivity is the prime requirement of IoT [3]. It is 

predicted that in 2020 approximately 11.8 billion mobile 

devices would be connected to the internet through a 5G 

wireless network, and more than 8.2% of devices will be 

low power generated smart IoT devices. Most of the IoT 

environment is indoor region-based [4]. Energy 

consumption in the wireless industry is increasing rapidly. 

Green communication in indoor and outdoor 

heterogeneous networks is on demand. [5-6]. Thus 

beamforming technology of the 5G network supports 

massive connectivity with high spectral efficiency for the 

indoor IoT paradigm [7-8]. The indoor region needs small 

cells [9] like indoor femtocell deployment to maintain 

efficient connectivity [10]. Femtocell is a low power 

home base station.  

One of the challenging issues in 5G based IoT network is 

to connect a massive number of devices with the proper 

spectrum. To connect more devices, effective spectrum 

allocation is required. Frequencies are in underutilized 

scenario due to interference in the network and also lack 

of adequate utilization of spectrums [11]. That increases 

the massive power consumption of the network. In the 

fifth-generation (5G) network, different technologies can 

be used to overcome the above crisis. Beamforming is one 

of them [12]. 

MIMO in the 5G wireless network gives advantages in 

power and spectrum optimization [13]. Though massive 

connectivity is the prime concern, it creates network 

densification. Deployment of a vast number of small cells 

produces interference, which reduces the QoS of the 

network. 

Motivated by the above circumstances, we have proposed 

an algorithm to select femtocell and allocate the proper 

beam to the indoor IoT devices using game theory [14].  

In this article femtocell selection and beam allocation to 

the IoT devices of an indoor region based on weighted 

majority game is proposed.  

IoT devices register under femtocell base station. If no 

IoT device registers under a femtocell, that femtocell 

switches to deactivate mode hence reduces power 

consumption. Based on the payoff matrix of the weighted 

majority game [15] femtocell is selected. The parameters 

for the payoff matrix are load and distance. These 

parameters decide the weight of each femtocell. Using 

this approach power consumption of the network reduces. 

 

Section 2 of this article describes the algorithm and 

describes the proposed approach. The mathematical 

explanation is given in section 3. The result and 

comparison of the proposed approach are illustrated in 

section 4. Section 5 concludes the article. 

 

2 Proposed Weighted Majority Game-based 

Femtocell Selection and Beam Allocation 
 

In the proposed approach IoT devices are located in an 

indoor region under the coverage area of a small cell base 

station femtocell. Femtocell is placed under a MIMO base 

station and hence form a two-tier network. In this 

proposed approach beamforming technique is considered 



with the presence of channel uncertainty condition [16]. 

We have adopted here beamforming codebook restriction 

approach. This approach enables IoT devices registered 

under the femtocell to choose the best channel or beam 

using weighted majority game. Femtocells are selected 

and Beams are allocated to the IoT devices using 

weighted majority game.  

Weighted majority co-operative game incorporates two 

positive integer values as parameters. They are i) weight 

and ii) quota. In our femtocell selection and beam 

allocation approach, the number of IoT devices registered 

under a femtocell represents weight. And the distance 

between IoT devices and femtocell denotes quota. 

Algorithm 1 depicts the proposed approach. The high 

majority of femtocells are chosen depending on the two 

parameters. 

The proposed weighted majority game based femtocell 

selection and beam allocation approach are shown in 

Figure 1. The architecture of the proposed approach is 

shown in Figure 1. (a). Here IoT devices are registered 

under a home base station femtocell and femtocell is 

deployed under the coverage area of a MIMO base 

station. Femtocell allocates beam to IoT devices. In 

Figure 1. (b) femtocell selection and beam allocation 

takes place. The payoff matrix shows the load and 

distance values for IoT device 4 from femtocell 1 and 

femtocell 2 respectively. Femtocell 1 and Femtocell 2 

have the same load but the distance between the IoT 

device and Femtocell 2 is minimum so Femtocell 2 is 

selected for allocating the beam to IoT device 4.  

. 

 

 
Figure 1. (a) Proposed architecture  

   (b) Femtocell is selected and allocation of 

beam takes place based on weighted majority game. 

Algorithm 1 describes the working process of the 

proposed approach 

Algorithm 1. Weighted Majority Game-based 

Femtocell Selection and Beam Allocation for 5G-IoT 

Inputs: • Load of each Femtocell.  

              • Minimum distance (quota) of each femtocell 

from IoT devices.  

Output: Selection of Femtocell. 

1. Start  

2. Initialize the maximum load of each femtocell 

3. Calculate load or weight of the femtocell  

4.      For k=1: Ns femtocells  

  6.        If the distance between IoT device and femtocell k 

is minimum 

  7.               The femtocell is selected. And the femtocell 

allocates beam to the IoT device  

8.         Else If  

9.                 Find another femtocell  

10.       End If  

11.      If there is no IoT device inside femtocell k,  

12.             The femtocell k goes to switched off mode  

13.       End If  

14.     If IoT devices come under femtocell k which is in 

sleep mode,  

15.             The femtocell k becomes activated  

16.      End If  

17.   End for  

18. End 

 

3 Mathematical Description  
 

In the proposed weighted majority game based femtocell 

selection and beam allocation approach femtocell 

Fhigh_weight is selected based on the load of femtocell and 

minimum distance from the IoT devices.  

 

�����_������ 	  ���
 _��� ∩ ����� 

 

The parameters used in calculating the power 

consumption of the proposed approach are presented in 

Table 1. 

 

Table 1. Parameters for mathematical description 

Parameters Description 

������  The transmission power of each IoT 

device 

MIMOP  Transmission power by per antennas in 

MIMO base station 

������ Transmission power by per femtocell 

base station 
ρ  Static circuit transmission power 
σ

 
Gaussian noise 

��  Minimum received power by IoT device 

�� Antenna gain of femtocell 

 

 

 

 



4.1. Power transmission model 

The total transmitted power of the proposed IoT 

architecture is 

���� 	 ���� + ���� !��              (1)
 

Specifically, PIoT is the transmission power for all IoT 

devices 
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Where 
&''()'

 denotes the transmission power by each 

IoT devices and the total n number of devices are 

considered in the network
 

Pcircuit denotes circuit transmission power in the 

processing unit both the transmitter and receiver 

� �� !�� 	 * ∗ �,�,- + . ∗ ������ + / + 0 (3) 

where, Pfemto is the transmission power by each femtocell. 

The transmission power of femtocell is denoted as:  

������ 	
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4 Results and Discussions  

 
4.1 Power Consumption 

The power transmitted by femtocells in the proposed 

network is presented in Figure.2. The result of the 

proposed approach is compared with the conventional 

heterogeneous IoT network. Figure.2 shows that the 

proposed approach is approximately 10-15% power-

efficient than a conventional heterogeneous IoT network. 

For simulation purposes, we have assumed the total 

number of antennas in the MIMO base station is 250. 

Transmission power by each antenna of MIMO base 

station PMIMO is 0.2 watt. Transmission power by each IoT 

device is 0.005watt. Transmission power by indoor 

femtocell is 0.063 watt. Transmitter antenna gain of 

MIMO and femtocell are 0.005 and 0.001 respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.1 Figures 

 

 

 

 

 

 

4.2 Comparison with the existing approaches  

 

Table 2 describes the comparison between the proposed 

and existing IoT approaches. 

 

Table 2. Comparisons with the existing approaches 

Properties Working 

principle 

Consideration 

of Indoor 

region 

Reductio

n in 

power 

consump

tion  

Energy-

Efficient IoT 

network for 

femtocell based 

Network [9] 

Small cell 

cellular 

network 

  - 

User 

Scheduling and 

Power 

Allocation for 

Massive IoT 

Devices [14] 

MIMO based 

mobile 

network 

- - 

Energy-

Efficient IoT 

peer to peer 

[12] 

Conventional 

IoT network 

- 10-15% 

Proposed 

femtocell 

selection and 

beam allocation 

for IoT network 

 

Weighted 

majority 

game based 

femtocell 

selection and 

beam 

allocation for 

Indoor 5G 

Network 

  - 

 

5 Conclusion 
 

This article proposes a power-efficient femtocell selection 

and beams allocation approach for an indoor IoT 

environment to serve various users based on a 5G 

network. The usage of widespread beamforming allows 

efficient management of intercell interference. Here 

MIMO with spatial modulation base station is considered 

as the main base station for its massive connectivity. 

MIMO transmits the signal to the indoor femtocell. 

Multiple IoT devices are connected with those femtocells. 

An algorithm has been discussed in this article to select 

the femtocell using weighted majority game. Simulation 

results show that the proposed network has validated the 

effectiveness by reducing power consumption. Thus it is 

concluded that the proposed strategy is a power-efficient 

approach for 5G-IoT. 

 

 

 

 

 

 
Figure.2. Comparison of power transmission between 

proposed and existing IoT approaches  
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