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Abstract:  

Reducing the energy consumption of a wireless cellular network is an important and urgent problem, as the carbon emissions of 
energy sources have great negative impact on the environment, and the price of energy is also increasing. In this work we propose 

a model of multi-cell mobile network that combines sector zooming and Base Station (BS) ON/OFF adaptively based on the 

spatial and temporal fluctuation of traffic load..We formulate a system that the new proposed multi-cell changes its power 

adaptively according to load distribution and variation in the network by applyingenergy saving algorithm that manages the multi-

cell mobile network operation. The proposed energy saving algorithm simulation results and Graphical analysis have shown on 

average 42.8% power consumption of total given power is saved. Consequently, from this study, the simulation analysis resulted 

in an energy efficient mobile network design that adaptively changes its power on the basis of traffic load fluctuation. 
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I.INTRODUCTION 

The large number of BSs contributes a major portion of 

the energy consumption of cellular networks. When a BS is in 

its working mode, the energy consumption of processing 

circuits and air conditioner takes up about 60 percent of the 

total consumption, emphasized in the work [3]. It has become 

so critical that, without being studied in advance, it will 
eventually prevent the sustainable growth of the mobile 

industry.Previously, energy efficiency of multi-cell has been 

investigated, mainly concerning on cell zooming on the basis 

of traffic variations in each cells [4].The tremendous growth in 

demand for higher data rates and other services over wireless 

network requires a more dense deployment of BSs within 

network clusters. Conventional macro cellular network 

deployments are less energy efficient [5]. Therefore, one way 

to make the cellular networks more energy efficient in order to 

provide high-speed data traffic is to reduce the propagation 

distance between Base Station Equipment (BE) and User 
Equipment (UE), which results in a reduction in the 

transmission power without complex infrastructure 

modifications and scarfing quality of service [17][27]. 

Hence,as an alternative technique is to power down the 

hardware components during low traffic load.In this paper, we 

focus on energy efficient architecture of Multi-cell mobile 

network by using sector expanding and sector sleeping in the 

consideration of traffic load fluctuations in time and space.   

II. SYSTEM MODEL AND PROBLEM FORMULATION 

In this Proposed Multi-cell mobile network design, we 

consider six sector BSs with directional antenna in each BS. 

Here, there are two network operations set by central 
controller (Server) i.e. BS sleep mode and sector zooming. In 

sleep mode operation each BS experienced OFF mode state 

and in sector-zooming the six neighbor sectors of a cluster can 

compensate the coverage of central cell using dynamic 

directional antenna.  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

   

 

 

 

Fig.1: Conventional Cellular Network Model 
 

Fig.2: Proposed Multi-cell Mobile Network  
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A general power consumption model for a BS with Number of 

antennas is comprised of a load-dependent and a load 

independent function [4].  It is a function of the transmit 
power (P), load factor (L), radio-head efficiency (μRH), over-

head power ) and  backhaul power ( ): 

 

 

where the radio-head power can be defined as: = 

( /μRH)ρ. The load factor is defined as the ratio between 

the offered traffic rate and maximum achievable cell capacity:  

L = /  

In the load dependent part, P is the transmit power and  

is the radio-head efficiency. In the load-independent part,  

is the over-head power (base-band and cooling) and  is the 

backhaul power. As the load  in the BS varies, the radio-

head efficiency  also varies. 

As the total power consumption of cellular network is growing 

proportionally with the number of cells as shown in [13] 

 

Where ,  denote losses incurred by 

the feeder, DC-DC power supply, main supply, and cooling, 

respectively. ,    and  are the output power per 

transmit antenna, radio frequency and baseband power, 

respectively. denotes the PA power efficiency. The 

proposed algorithm can be stated as follows and altered 

network models are drawn. 

 

1. Initialize: Traffic Load (TRL), Threshold value 

(THR), SC1, SC2, SC3, SC4 SC5 and SC6 sectors of 

Central Cell, Neighbor Sector (NS) of Central Cell, 

central cell (CC), Sector zooming 

management(SZM), Sleep Mode management(SMM) 

2. Load TRL information 

3. Compare TRL with THR value 

4. If sum of TRL in BS  < THR  

5. Go to SMM 

6. Calculate TRL in 3-SCs 

7. Compare the sum of TRL in 3-SCs 

8. Else Go to SZM 

9. If sum of TRL in NS of S1,S2,S3< S4,S5<S6 

3-NS zoom out to CC 

10. T time delay 

11. Else Go to 8 

12. If sum of TRL in Sc1 and SC4 > Sc2, Sc3 Sc5 and 

Sc6 

NS of Sc1 and Sc4 zoom out to 9 

13. Else   sum   of TRL in SC3 and SC6 > SC1, SC2, 

SC4 and SC5 NS of SC3 and SC 6 zoom out 8 

14. ElseNS of SC2 and SC7 zoom out to 9 

 

III. TRAFFIC MODELING 

Traffic load has by nature a stochastic characteristic and 

reveals variations in timeover days hence; Users’ distribution 

in BS is highly fluctuating in time and space. Assume, Traffic 

distribution is modeled by randomly placing users within a 
cluster (multi-cell). As indicated in Figure 5.3 that the traffic 

distribution in a cluster is randomly distributed, therefore, 

traffic within the network is increasing when increasing the 

number of users is increasing in a network.  
 

IV. CENTRAL CONTROLLER 

In this paper, we apply centralized algorithms, since it is 

feasible and minimizes signal overhead. 

Central Controller (CS) collects network information 

periodically and/or on demand load information from BSs 

which determines the energy saving formation. The algorithm 

selects the maximum loaded sectors of central BS and 
explores the energy saving potential by sector zooming 

of neighboring list and BSs experience sleep mode during low 

or no traffic in each sectors. Once the central management 
entity determines the new energy formation, it triggers the 

appropriate changes in the network. 

 

TABLE 5.1 SIMULATION PARAMETERS AND USED VALUES 

Parameter Symbol Value 

Operating Frequency  2600 MHz 

BS Coverage Radius  500 m 

Interference Model  19 BS Wrap 

Around 

path loss Exponent K 3.67 

Path loss Constant n 4.6  

AWGN power H 6  

Multipath Fading  Rayleigh 

Shadow Fading Var.  9 dB 

UE antenna Height  1.5 m 

BS antenna Height  20m 

BS antenna Pattern (A) (2) 

BS transmission  2x2, 1x2 MIMO 

Propagation Model λ 3GPP Okumura-

Hata 

Scheduler  Round Robin 

BS Transmit Power p 20W 

BS Radio-head Eff. μ 10-50% [13] 

BS Overhead Power  60W 

Backhaul Power  50W 

V. PROPOSING ENERGY SAVING ALGORITHM 

Based on traffic load distribution in each sector of multi-

cell mobile network model in Figure 3, we developed an 

energy saving algorithm that operate mainly two modes, sector 

Fig.2. Proposed Multi-cell Mobile Network 
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zooming and BS sleeping. It can dynamically minimize the 

number of active BSs according to both time and spatial traffic 

variations. Therefore, this traffic-aware energy saving network 
model can boost energy efficiency in the network. 

 

VI.SIMULATION RESULTS 

The Simulation results created in this work used to show 

the energy saving approaches architecture achieved using BSs 
sleeping and Sector-zooming techniques of the proposed 

multi-cell mobile network as a function of traffic load 

variation.Therefore, these two approaches are applied in 

differentdensity of traffic load in distribution in a cluster 

(sector-zooming & BS ON/OFF). 

Sector-zooming is done when traffic load distribution is 

unevenly distributed, (i.e. in some base stations, the load is 
very high; others medium or small,) therefore the algorithm 

can manage it by sector zooming to neighbor sectors to 

compensate the coverage while the central BS operates in 

sleep mode state.  

The second approaches (BSs Sleeping or ON/OFF) can be 

done in network when the traffic load status in a cluster below 

a threshold value in each sector, BSs are experiencing in sleep 

mode dynamically or change the state of ON/OFF condition to 
make the network energy efficient without degrading Quality 

of Service (QoS).  

In cellular mobile network, we use a hexagonal shape 

which is a conceptual and simplistic model of radio coverage 

in each base station since it permits easy and manageable 

analysis of cellular mobile network. Here, we consider a 

cluster (multi-cell mobile network) and assume equalcoverage, 

power allocation; each base station has six sectors with 
directed antenna and applies frequency reuse technique 

considered. 

Sector-Zooming and BSs sleeping based energy saving 

techniques are analyzed in this paper by taking traffic load 

variations in time and space. As simulation results show that 

different traffic based adaptive new mobile network 

architectures are identified. The identified mobile network 
models are tried out and revealed a change from conventional 

BSs’ power consumptions the change was expressed in terms 

of energy saving that means more energy is likely to be saved 

using sector-zooming and BS ON/OFF (as shown in the 

preceding simulated figures)  adaptively according to traffic 

variations.  

Sleep mode operation is done in the network by each of 

the BSs during off-peak traffic situation and it controls each 

BS’s ON/OFF state dynamically to save energy. But in central 
cell sleep mode scenario, neighbor sectors compensate its 

coverage and this operation may not need the off-peak traffic 

situation. Switching off a whole sector or cell has a significant 

impact on saving energy. It releases the baseband processing 

entities and the power amplifier since no system information 

and pilots need to be transmitted. Indirectly, the energy 

consumption for air conditioning and DC power conversion is 

also reduced. 

NETWORK DESIGN IN A CLUSTER 

Here, we assess the proposed multi-cell mobile network 

structure for different scenarios. There are different scenarios 
that dynamically change the structure of multi-cell mobile 

network according to the random distribution and the dramatic 

fluctuations of traffic load in each sector of a cluster. Central 

cell in a clusterwhich is the reference point that the proposed 

energy saving algorithm can manage sector-zooming and BS 

sleeping. Therefore, the algorithm can compare the maximum 

traffic load in the sectors of a central cell and check the 

minimum traffic load of neighbor 6-sectors in a cluster then 

the algorithm can decide the energy saving multi-cell network 

operation. 

According to our proposed multi-cell mobile network layout, 

BS energy saving techniques accomplished into two modes 
that is sector zooming and BS sleeping (indicated in the 

simulations below). As per the energy saving analysis from 

BS sleeping and sector zooming network operation in the 

model significantly large power is saved, as shown in fig 9 & 

10. 

VII. Proposed Multi-Cell Mobile Network Cluster 

Architecture 

Here, we assess the simulation results  i.e. the proposed multi-

cell mobile network structure in different scenarios, hence,the 

simulation results are shown in the preceding Figures 5.4 to 

5.11 in different architectures of multi-cell mobile network 
using the proposed energy saving algorithm that operates the 

multi-cell network on the basis of traffic load situation. 

Central cell is the reference point that the proposed energy 

saving algorithm can manage sector-zooming and BS 

sleeping. Therefore, it can compare the maximum traffic load 

in the sectors of a central cell the check the minimum traffic 

load of neighbor 6-sectors in a cluster after that the algorithm 

can decide the energy saving multi-cell network operation. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Fig.  3.  Sample User Distribution in a Cluster 

 

Fig.4: Scenario1:Sector2 and Sector 5 Zoom  
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In Figure 4, four BSs are on sleep mode operation and other 
BSs are working in normal networkoperation, in this scenario 

the energy saving algorithm performs BSs ON/OFF according 

to traffic load information triggered by each sector’s load 

information to central controller and In Figure 5 has shown 

that five BSs are on sleep mode and sector-zooming out to 

compensate the central cell coverage, here both proposed 

energy saving techniques i.e. BSs sleeping and sector-zooming 

network operation are simulated. As result significant energy 

would  be reduced since much of the energy consumption is 

taken by BS’s amplifier and air conditioner, so BS sleep mode 

operation while traffic load minimal or below threshold 

energy efficiency is more and as thesleeping BS increases the 
energy efficiency also increasing. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 6: (Scenario3) portrays that two neighbor sectors (2 

and5) of cell3 and cell6 areexpanding to compensate the six 
sectors or the central cell in a cluster. 

This simulation result has shown that even if the traffic load 

distribution is high , the proposed energy saving algorithm 

manage the energy efficiency of multi-cell mobile network by 

load balancing and cooperative among BSs transmission. As a 

consequence, the central cell’s BS is in sleep mode state, 

however keeping QoS through coverage compensating using 
directionantenna. In this scenario3, circuitry power (amplifier, 

air conditioner) of the inactive BS is saved. As result we can 

calculate the saved energy due to BS is in sleep mode out of 

total power that a cluster (7-cells) can consume on this model 

only for the active cells (6-cells) power. Therefore one BS’s 

power consumption is saved whichmeans the amplifier and air 

conditioning power will be saved. From this using the 

equation (4.4) in section 4.3, as a result 14.28% power is 

minimized from total allocated power in a cluster. 
 

 

 

 

 

 

 

 

 

 

 

 

 
As similar scenario 3, in Figure 7 and 8: Scenariosillustrate the 

case when the number of users in a central cell’s sectors 

maximum and the indicated zooming-sector’s loads is 
minimum than non-zooming neighbor sectors. Therefore, 

sector2 and sector5 of cell2 and cell5respectively in scenario 4 

can compensate central cell using sector-zooming and 

maintain its QoSand capacity too and moreover, the same 

network operation in scenario 5.  Hence, a BS is inactive mode 

of network operation and energy can be saved in the same 

amount of energy saving 14.28% is achieved in each 

scenarios. 

 
In zoom 1: in Figure 9: cell 3 and sector 5 and sector 2 of cell 
6 respectively zoom out to the neighbor cell (middle cell) and 

Fig.9:Power Usage in Three Scenarios of Sector-Zooming 

  

Fig.8:Scenario5: Base Station sleeping & zooming  
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Fig.5: Scenario2:Sector2 and Sector 5 Zoom  

Fig.6: Scenario3:Sector2 and Sector 5 Zoom  

Fig.7:Scenario4: Base Station sleeping & zooming  
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the BS of central cell is on sleep mode there by saving energy 

and compensate coverage area and saved energy.but here is 

the unit is in Watt not in dBm. 
In zoom 2:in Figure 9:  cell 4 and sector 1 of cell 7 and sector 

5 respectively zoom out to the neighbor cell (middle cell) 

while BS in central cell in sleep mode. Here, saved power is 

similar with in zoom one scenario but it shows the dynamic 

nature of the proposed multi-cell mobile network design in 

another way on traffic load variations 

In zoom 3: here also similar network operation occur 

dynamically, sector 5 and sector 6 of cell 2 and cell 5 

respectively zoom out to the neighbor cell (middle cell) while 

its BS is in sleep mode operation. 

 
Figure 10: shows that as the number of inactive BSs increases 

the saved energy is also increasing; and hence energy 

efficiency of the network is boosted. There will be a 

possibility of all BSs sleeping during off-peak traffic-load 

exist. As depicted here, the achieved power saving due to BSs 

sleeping techniques used in the proposed Multi-cell mobile 

network, during off-peak traffic situation saved power is 

maximum. 

Therefore, this simulation result has shown that the saved 

energy ranges from 0 – 276W of total power consumption in a 

multi-cell mobile network hence, the traffic load 

fluctuationsrandomlyin the network. 

 

Figure 10: depicts that the power consumption of the proposed 

Multi-cell mobile network design and the conventional 

network, as a result the total power usage of the conventional 
network’s power consumption is constant whereas the new 

and adaptive proposed multi-cell mobile network model 

various according to the traffic load fluctuation in a cluster. 

Therefore, in this work i.e. traffic aware energy efficient 

multi-cell model power consumption depends on the number 

of load available in the cell. This paper shows energy efficient 

network model since if traffic load is minimum or below a 

certain threshold a number of BSs are working in sleep mode 

or it can balance the load by expanding and contracting its 

sectors by maintaining QoS in the network. 

VIII.CONCLUSION 
In thispaper a new energy efficient multi-cell network 

model is proposed.  The identified mobile network models are 

tried out and revealed a change from conventional BSs’ power 

consumptions the change was expressed in terms of energy 

saving that means more energy is likely to be saved using 

sector- zooming and BS ON/OFF adaptively according to 
traffic variations. 

In general in previous simulation results have shown that this 

proposed traffic aware energy efficient multi-cell mobile 

network’s power consumption various due to load fluctuation 

in time and space. Based on the analysis in simulation results 

depicted, the power saved in average in a cluster is around 

42.8% from the total power consumption inthis designed 

network model. 
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