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ABSTRACT 

The number of users for developed devices (e.g., mobile, 

tablet, laptop, iPad, computer) increased rapidly. This trend is 

expected to continue in the next upcoming years. Thus, the 

number of users will rapidly increase, which will cause a high 

demand for capacity in wireless access networks. In addition, 

they will cause high energy and power consumption. 

Heterogeneous network (HetNet) is one of the most promising 

network approaches to achieve high capacity and improve 

energy efficiency (EE). In This piper, will investigate the 

sleep mode mechanism to improve EE and reduce power 

consumption. When companies design communication 

network systems, they are considered the network service at 

peak load hour. Peak traffic load happens a few hours a day, 

but the rest of the time most of the power is wasted. The sleep 

mode mechanism is used by switching Micro and Pico base 

stations (BSs) when the traffic load is low or medium. 

Simulation results show that EE gain can be achieved 46.68% 

and 79.77%, when the traffic load is medium or low. 

General Terms 

Energy Efficiency improving and Power Consumption 

reducing  

Keywords 
Heterogeneous network, energy efficiency, power 

consumption, sleep mode. 

1. INTRODUCTION 
The massive growth in the number of users for development 

devices has caused data traffic in the mobile network. It is 

clear that the service offers available to customers today is not 

similar to the offers from a few years ago. For instance, there 

are many applications such as (Facebook, Tango, Viper, and 

so on) which customers find indispensable. In the past, people 

only used cellphones for calling and sending messages, but 

now most people use cellphones for a variety of purposes. For 

example, a cellphone can be used for making calls, sending 

messages, video calling, sending pictures, chatting, and so on. 

Although, these applications can be so beneficial, they have 

caused a dramatic increase in data traffic. In comparison 

between now and the past, depending on the data traffic, it is 

so clear that the data traffic in the network has sharply 

increased. The increase in both penetration rate of mobile 

device usage and data usage per user caused a dramatic 

increase in mobile users and network traffic which led to an 

increase in energy consumption in wireless networks [1,2] 
This dramatic growth in energy consumption led to increase 

global carbon emission and effect on climate [3].  A study by 

Information and Communications Technology (ICT) 

estimated that over 4% of global carbon dioxide emissions by 

communication network (around 1 billion tons, approximately 

equal to that of aviation industry and one fourth of emission 

by cars worldwide) and for about 10% of global electricity 

consumption as of early 2013 [3].  They expected global 

carbon emissions grow every year, and they thought carbon 

emissions will exceed 8% by the year 2020 [4]. There are 

some researches accounted the emissions from one towers 

Base Station (BS) has almost 78 million tons. this amount 

from carbon dioxide emissions considered is a huge, if we 

compared with emissions from cars and airplanes. It is equal 

to emissions from 15 million cars, or 300 000 trip flights 

between Paris and New York [4]. Depending to theses 

researches the amount of carbon dioxide emissions is not 

small number, we cannot ignore the negative affect for carbon 

dioxide. The continuation in increase energy consumption 

made many researchers to think how reduced the energy 

consumption. The carbon dioxide emissions already reduce 

when the energy consumption reduce. There are many 

methods how to reduce the energy consumption and improve 

EE. Sleep mode technique one of this method in this paper we 

will investigate that to improve EE.   

2. POWER CONSUMPTION IN 

CELLULAR NETWORK 
The massive growth cellular BS from a small number to 

millions led some researchers to analysis power consumption 

in cellular network. Each base station consumes about 25 

MWh per year [5]. This rabid growth in number of BS led to 

increase energy cost to operate them and amount of carbon 

dioxide emission also increase [6]. Also, BS consumes around 

60% from power cellular network this led us to use sleep 

mode technique to reduce the power consumption in BS, 

Mobile Switching consumes 20%, Data Center and Retail 

consumes about 20%, but Retail consumes less than Data 

Center. Fig 1 explains power consumption in cellular network. 

Sectors BS that have HSPA (high speed packet access) 

consumed about 800 to 1500 W per BS [5, 7].  

 
Fig 1:  Power consumption in cellular network [6] 
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3. HETEROGENOUS NETWORK 
3.1 Heterogeneous Network (HetNet) is considered one of 

the most crucial methods for achieving higher capacity, data 

rate, and large coverage area [8]. It is a very convenient way 

to address the data traffic problem in cellular networks. 

Quality of service requirements are considered more stringent 

in HetNet, that makes the user more comfortable.  In HetNet, 

the users are always very close to a BS, which cause higher 

signal-to-interference-plus-noise ratios (SINR), thereby in 

turn offer enhanced robustness and quality of service to the 

user. HetNet consists of a combination of macrocells (high 

power node) and low-power modes, such as microcells, 

picocells, femtocells, and relays [9]. Fig 2 shows this 

combination. For this reason, path loss in HetNet is less than 

other networks. In HetNet, the distance between the user and 

nod or network is smaller in comparison to other networks. In 

addition, HetNet is considered a sound method to improve EE 

and reduce energy consumption [8]. There have many 

techniques in HetNet to enhance EE, we will focus in this 

paper to sleep mode mechanism.   

 

Fig 1: Heterogeneous Network model [8] 

4. SLEEP MODE TECHNIQUE  
A high traffic load leads to a cellular network design that can 

support a high traffic load, however, during a light traffic load 

the energy consumed by the cellular network is generally 

wasted [10]. According to [8], the sleep mode technique is 

used to save energy when the traffic load is light by switching 

off one type of BS which is explained in following equation. 

PcHet = Q * PcMeNB + M*PcMieNB + (P − H) * PcPeNB(1) 

PcHet = power consumption in HetNet. 

PcMeNB = power consumption in macro BS. 

PcMieNB = power consumption in micro BS. 

PcPeNB = power consumption in pico BS. 

Q, M, P = number of macro, micro and pico BS respectively. 

H = number of pico BS in sleep mode. 

By using this technique, they achieved improvement in EE 69, 

33, and 7%, when traffic load is 20, 50, and 90%, 

respectively. This paper will use different scenarios when 

switching off BSs and switching off two types of BSs (micro 

and pico), when the traffic load is light. When switching off 

two types BSs equation (1) becomes 

PcHet = Q * PcMeNB + (M− K) *PcMieNB + (P − 

H) * PcPeNB                                 

      (2) 

K: number of micro BS in sleep mode. 

  Area power consumption (APC) of the HetNet relative to its 

size is equal to power consumption divided by area in HetNet 

[11].  

APC = PcHet/ Ahet                                                                                                                   (3) 

With sleep mode equation (2) become as 

APC = (Q * PcMeNB + (M− K) *PcMieNB + (P − 

H) * PcPeNB) / Ahet 

     (4) 

In urban areas, the daily traffic load profile indicates that the 

BS capacity is fully used only for a few hours, which is 

presented in [12]. Fewer users are served during the remaining 

time. Significant energy saving potential occurs in cellular 

networks when traffic load variation is offered. The fraction 

of maximum capacity of a BS is defined as the load of a BS 

[8]. When all resources are available for one or more users, 

the portion of RB allocated for users is described as the load 

factor (L), which defines the traffic load in [13, 14]. 

L = Nu / NT                                                                                                                         (5) 

Nu: RBs utilized by the BS users. 

NT: Total RBs available to this BS 

Energy efficiency in HetNet is equal to the ratio of the 

achievable data rate divided by the total power consumption 

in network [8, 15]. 

EEhet=
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where PcMeNB,q, PcMieNB,m and PcPeNB,p denote to the 

power consumption in Macro, Micro and Pico BS 

respectively, RMeNB, q, RMieNB, m and RPeNB, p denote 

the achievable average date rate provided by same BS 

respectively. The rate for the n-th user can be calculated 

according to the modified Shannon’s formula [16-18]. 

                 
    

    
                                                                                       

   (8) 

ƞ_BW: accounts for the system bandwidth efficiency of LTE. 

ƞSNR: SNR implementation efficiency of LTE. 

η: correction factor that should nominally be equal to one 

[16]. 

BW: band width can be expressed as the number of resource 

block (RB). 

When sleep mode technique is used we can rewrite equation 

(7) as following. 

EEhet=
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Energy efficiency gain is solved by using the following 

formula 

Energy efficiency gain = 
                                      

                 
      

10 
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5. SIMULATION 
The simulation is done by using MATLAB, which includes all 

of the equations explained in this Chapter. Also, there are 

other parameters used in this program which can be found in 

Table 1. 

Table 1. Simulation Parameters [8] 

Parameter Value 

Carrier frequency 2.6GHz 

Bandwidth 10 MHZ 

Ptx for MeNB, MieNB and 

PeNB 
46, 35, 30dBm [19] 

Channel model 3GPP typical urban [20] 

Penetration loss 20 dB 

Modulation and coding 

scheme 

15 different sets defined in 

[18] 

No. of sectors for MeNB, 

MieNB and PeNB 
3,1,1 

Thermal noise −174dBm/Hz 

Noise Figure 9dB (downlink) 

Coverage degree 95% 

Power consumption 

parameters 

MeNB: Ai=21.45; Bi=354.44 

[21] 

MieNB: Ai=7.84; Bi=71.5 

[21] 

PeNB: Ai=5.5; Bi=38 [21] 

 

6. RESULTS AND DISCUSSION 
This section presents EE enhancement by using sleep mode 

technique and scenarios. Sleep mode mechanism can be 

applied to various traffic load destruction in network. In sleep 

mode, there are many scenarios which can be applied to 

improve EE in HetNet. The following Figures present a 

performance simulation to improve EE, these Figures explain 

that sleep mode mechanism is very beneficial to improve EE 

when there is light traffic load. 

The first scenario involves turning off one type of BS when 

the traffic load is not full (100%). This scenario includes 

switching off some Pico BSs to reduce power consumption 

consumed by these stations. For instance, if there are 10 Pico 

BSs when one of them is switched off, there will be a transfer 

of load from that BS to others BSs in the network. Figure 3 

presents a performance simulation of sleep mode mechanism 

to improve EE when traffic load is 20, 50, and 90 percent, 

respectively. The x-axis represents EE with and without sleep 

mode and the y-axis represents the traffic load. Figure 3 

shows how much EE improves when the sleep mode 

technique is applied. Figure 4 presents a performance 

simulation with EE gain. This Figure shows EE gain by 

applying the sleep mode mechanism when the traffic load is 

20, 50, and 90%, which have an EE gain equal to 70.9, 38.9 

and 6.9%, respectively.  

 

Fig 3: EE in HetNet with and without sleep mode in first 

scenario 

 

Fig 4: EE Gain in First Scenario 

The second scenario to improve EE in sleep mode technique 

involves switching off two types of BSs (Pico and Micro). 

When the traffic load is not heavily used, this scenario can 

reduce energy consumption by Pico and Micro BSs. In this 

scenario, switching off Pico and Micro BSs means the load in 

Pico BS will transfer to another Pico BS in the same network 

and the load in Micro BS will transfer to another Micro BS. 

Figure 5 shows EE improvement with and without sleep mode 

technique in this scenario. Figure 6 shows EE gain in this 
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scenario. EE gain is equal to 79.77, 46.68, and 6.93% when 

traffic load is 20, 50 and 90%, respectively. 

 

Fig 5: EE in HetNet with and without sleep mode in 

second scenario 

 

Fig 6: EE Gain in Second Scenario 

Power consumption in HetNet (Macro, Micro, and Pico) BSs 

is reduced by using the sleep mode mechanism. The amount 

of power reduced in HetNet is dependent on the number of 

BSs (Micro and Pico) switched off during sleep mode. Figure 

7, 8, and 9 explain how much power consumption reduced. 

The y-axis represents the area power consumption (APC) and 

x-axis represents the Macro Radius. We understand from 

these Figures the large power consumption reduction happens 

when load traffic is low. From these and previous Figures 

shown, the sleep mode technique is a very effective method to 

reduce power consumption and increase EE in HetNet when 

load traffic is light. 

 
Fig 7: APC when traffic load 20% 

 
Fig 8:  APC when traffic load 50% 

 
Fig 9: APC when traffic load 90% 
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7. CONCLUSION AND FUTURE WORK 
The HetNet is one of the most promising network approaches 

to achieve high capacity and network EE. The results of this 

study show that sleep mode mechanism is a very effective 

method to improve EE and reduce power consumption in the 

HetNet. The sleep mode mechanism is used by switching 

Micro and Pico BSs depending on the traffic load. Simulation 

results show that EE gain can be 6.93, 46.68, and 79.77%, 

when the traffic load is 90, 50, or 20%, respectively. In this 

scenario, the traffic load in awake BSs is full load, which is 

100%. The maximum EE gain is achieved when the traffic 

load is 20%, which is low. 

Future work should be applied in a real network to reduce 

power consumption in a practical network. Furthermore, 

future research should be expanded to study various regions, 

such as urban, suburban, and rural areas, which affect EE. 

Also, transmitter power affect in HetNet (Macro, Micro, and 

Pico) should be investigated. In addition, future research 

should investigate uplink and downlink interference effects to 

improve EE.   
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