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ABSTRACT 
To mitigate the unfavorable effects to the environment and minimize the cost of cellular network, the analysis of energy saving 

strategies is significant. In order to achieve Energy Consumption Minimization (ECM), selection of smallest set of active base 

stations (BS) is done. To solve ECM problem, two low complexity algorithms namely Iterative Minimal Set Cover algorithm (IMSC) 

and Iterative Maximal Coverage algorithm (IMC) are considered. The IMSC algorithm initially includes all the base stations in the 

active base station set and keeps on removing BS from the set following user’s Quality of Service (QoS) specifications in a greedy 

manner. The IMC algorithm begins with an empty set and adds (or) removes base stations based on the QoS constraints specified 

by user. The efficiency of IMSC and IMC algorithms are analyzed and it is summarized that IMC algorithm outstands the 

performance. The IMC algorithm is further optimized for improved performance. 
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INTRODUCTION 
 

Energy consumption increases exponentially with the growth in Information and Communication 
Technology. The top energy consumers among the ICT are the mobile operators [2]. The mobile 
communications contribute about 15-20 percent of the energy consumed by the ICT and they are major source 
of CO2 emissions discharging 0.3-0.4 percent of global CO2 emissions [3-5]. The wireless base station 
contributes for high energy consumption in mobile communications consuming 60-80 percent of total energy of 
the cellular networks [9]. 

To handle the exponential growth in data traffic and to satisfy the randomly mobilized users, dramatic 
expansion of the network infrastructure is required which in turn increases the energy demand. It has been 
observed that for every five years, the increase in network data volume by a factor of 10, induces the rise in 
energy consumption about 16-20 percent [8]. The Base Stations (BS) contributes for major energy consumption 
in mobile network infrastructure. One solution to reduce the energy consumption by the base stations is to 
selectively turn on/off the resource based on the traffic load of the network [9].  

The proposed system saves energy by monitoring the traffic load in the cellular network and decides 
whether to turn on /off the base station [11]. The base stations can be made active in the network based on the 
need. Several algorithms have been proposed for selecting active base stations dynamically considering QoS 
requirements of the user [1].   
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II.Existing Algorithms: 
Numerous algorithms have been proposed for switching on/off the BSs based on the data traffic in the 

network and QoS specifications. Cell Zooming Energy Saving (CZES) algorithm [12] is one among the novel 
algorithms that were proposed to handle the randomized spatial traffic distribution which is a common scenario 
in the next generation mobile communication. CZES deactivates the BSs with least traffic load until all users 
are satisfied by the active base stations. It requires a Cell zooming Server (CS) that controls the switching of the 
base stations.  

The main disadvantage with CZES algorithm is that the traffic load fluctuations has to be exactly known 
and fed to the CS, which a challenging parameter in the spatial distribution. Another drawback of the CZES 
algorithm is compatibility to the real network hardware, CZES requires additional antennas.  

Majorization Minimization Energy Saving (MMES) algorithm [13] was devised to improvise the CZES 
algorithm. The MMES algorithm reduces the number of active BS’s compared to the CZES algorithm. The 
MMES algorithm has a large energy gain than CZES algorithm but user’s rate is not guaranteed in the MMES 
algorithm. In order to overcome these disadvantages low complexity algorithms namely Iterative Minimal Set 
Cover (IMSC) algorithm and Iterative Maximal Coverage (IMC) algorithm were drawn [1].   

The IMSC algorithm [1] includes all the base stations in the active base station set and removes BSs from 
the active base station set depending on the interference induced by the active BSs. The IMSC algorithm 
assumes that users suffer inference from all the BSs, and reformulates the problem as a minimal set cover 
problem (MSC) [1] and executes a greedy algorithm iteratively to compute a minimal set of active Base 
Stations. The IMSC algorithm obtains the set of active BSs SON  that contains all the network BS set initially 
and continues by removing some BSs from it in a greedy manner.  

It has been observed that there is performance degradation in IMSC algorithm because it iterates the 
GHMSC algorithm [1] by assuming that users suffer from interference from all inputs BSs in every iteration. 
Hence in IMSC algorithm the actual interference which is induced by the active BSs is less than the calculated 
interference. 
 
III.Iterative Maximal Coverage Algorithm: 

The IMC algorithm [1] considers the set of active BSs set as empty at the initial stage and adds the BS into 
it one by one. The IMC algorithm empties the active BS’s set SON initially and adds the BS into it one by one 
greedily in order to increase the number of satisfied users to a maximum extent. 

The required bandwidth of users will be changed whenever a BS is added into the set of active base 
stations, because the users suffer interference from the active BSs.  Since the newly added BS produces extra 
interference, some of the satisfied users may be unsatisfied. At the same time some of the new users may be 
satisfied with a new BS. IMC algorithm adds a new BS i to the set of active BSs in each updation of  SON if i = 
maxi f(SON + i) until all the users of the network are satisfied. 

 
              
IMC PSEUDOCODE: 
1. Initialization: the user set SUE and the system BS set SBS. 
2. Set SON = ∅. 
3.Repeat:  Update SON iteratively until f(SON) = |SUE| or f(SON) = f(SBS) begin 
3.1 Calculate f(SON+i) for i ∈ { SBS-SON} 
3.2 Select BS i where i=max f(SON+i) 
3.3Update set SON =SON+iend 
4. Rollout SON 
                                                                                             
The performance of the IMC algorithm depends on the characteristic of function f(S) heavily. Even though 

more BSs are turned on, the number of satisfied users may decrease   whenever most users are located in the 
edge of each cell, which means that the negative effect of extra interference introduced by a newly added BS 
may cancel the positive effect of extra capacity. The complexity of IMC algorithm is O(UL2)  

IMC algorithm considers that users suffer from interference induced only by the set of active base stations 
SON. This set enlarges one by one. Therefore IMC will be more close to the optimal solution as the calculated 
interference and the actual interference are the same. It has been concluded that IMC algorithm performs better 
than the other algorithms in selecting active BSs [1]. The IMC algorithm is considered for further optimization. 
 
Optimizing Imc Algorithm: 

The concept of dynamic programming produces an optimal solution for complex problems by dividing into 
smaller problems and also reduces the runtime of the algorithms thereby reducing the delay in rolling out the 
results. The users in the cellular are randomly distributed. The network is spatially distributed depending on the 
load on the network. To handle the spatial distribution the base stations has to be dynamically switched on/off 
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depending on load in the network. The dynamic switching will help to save energy when the network is idle. 
The active BSs can be rolled out at the end of every iteration to reduce the delay in rolling out the results and 
the set of users can be updated during every iteration considering random availability of users in cellular 
network. 
 
IV. Optimized Iterative Maximal Coverage Algorithm: 

The Optimized Iterative Maximal Coverage Algorithm (OIMC) initializes the user set SUE  and the base 
station set SBS with the users and base stations that ranges from 0 to L.OIMC algorithm initially sets the active 
base station set SON as an empty set and adds the BSs one by one based on the maximum functional value of the 
SON + i. The selected base station is added to the active base station set SON. The set SON is updated rolled out to 
the network after every iteration. The user set SUE is also updated after every iteration as the user count varies 
dynamically in the cellular network. The algorithm runs until all the users are satisfied. By updating the active 
base station set after each iteration the delay in rolling out SON in the network is reduced. The updation of user 
set SUE dynamically at the end of each iteration optimizes the static solution and provides a better solution.      

      The complexity of the OIMC algorithm is measured as O(UL2) . As OIMC algorithm adds BSs into the 
set of active BSs one by one, then in each iteration the number of satisfied users will be examined, which has 
the computational complexity O(U). In each iteration the algorithm scans all the base stations that are in sleep 
mode so the computational complexity O(L) and updates the active base station set until all the user’s are 
satisfied contributing complexity O(L). So at most the complexity of OIMC algorithm is O(UL2). Hence the 
complexity of IMC algorithm is maintained during optimization.  

         
                         OIMC PSEUDOCODE 
1.Initialize user set SUE and base station set SBS 
2.Set SON =φ 
3.Repeat until f(SON) =|SUE| (or) f(SON) = f(SBS) 
              begin 
3.1 Calculate f(SON+i) for i∈{SBS-SON} 
3.2 Select BSi where i= max f(SON+i) 
3.3Update set SON=SON+i 
3.4 Rollout set SON    and  update SUE 

              end 
       

Conclusion: 
The problem of optimizing the active base station sets is considered for minimizing the energy 

consumption in the green cellular networks. The proposed Optimized IMC algorithm dynamically rolls out the 
set of active base stations to the network at the end of each iteration. The challenges faced by this Optimized 
IMC algorithm involve determining active users dynamically and turning on/off some base stations frequently. 
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