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Abstract. With the increasing demand of broadband wireless communication networks, users 

have an in-creasing need of the wireless broadband service coverage and the wireless access 

quality. To alleviate this problem, several novel techniques are proposed. One of these tech-

niques is femtocells. A femtocell can be used to increase the coverage of wireless broadband 

service indoors or at hotspots and raise both data trans-mission rate and access quality. Although 

the use of femtocells can greatly benefit, deploying large number of femtocells consumes tre-

mendous energy. In order to respond to the problem of global climate change, energy saving is 

an important issue. This paper discusses how to minimize the energy consumption of femtocells 

and optimize the energy efficiency of networks while still providing both the same data trans-

mission rate and wireless broadband service coverage. In this work, considering path loss, 

modulation and coding schemes (MCSs), bit-error-rate (BER) and group mobility, we propose a 

green handover and dynamic femtocell wake up approach. In default, femtocells are stay in “idle 

mode” when no user equipment (UE) con-necting to it. A femtocell transits to active mode only 

when detecting UEs and the efficiency of using the femtocell is better than the macrocell. By 

this way, not only users can benefit from the femtocells but also femtocells can reduce unneces-

sary power consumption. Simulation results show that our method performs better than the pre-

vious methods in power consumption, energy efficiency and throughput in both 3G/4G wireless 

communication networks. 

Keywords: energy-efficiency, femtocell, green communication networks, handover, heterogene-

ous networks, LTE/LTE-A, Orthogonal Frequency Division Multiple Access (OF-

DMA) 

1 Introduction 

In wireless communication networks, users connect to peers through base stations (BSs). Since the BS 

must be always available to provide users wireless access service, the power consumption of BSs is much 

more than that of user equipments (UEs). Recently, in response to the goal of energy reduction of BSs, 

the concept of green communication networks [1] is proposed. The authors of [1] presented that the fu-

ture wireless communication network has to be energy efficient and the benchmark weighs the perform-

ance of energy efficiency of the net-work should be employed. Chen et al. and Han et al. [2-3] investi-

gated the energy efficiency issue of wireless networks and proposed a “Green Radio” solution. In the 

solution, BSs can turn off their transceivers to achieve power saving when no users are connecting to the 

BSs for data transmission. However, these studies do not take femtocells into account. 

There are several works focusing on the handover issue over the long-term evolution (LTE) macrocell-

femtocell heterogeneous networks. Ulvan et al. [4] and Zhang et al. [5] proposed novel handover mecha-

nisms which make handover decisions based on the speeds of UEs and their Quality of Service (QoS). 

Three different mobile states were considered: low mobile state (0-15km/h), medium mobile state (15-
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30km/h), and high mobile state (>30km/h). In addition, for the real-time and non-real-time traffic, differ-

ent strategies were adopted. The proposed methods were to reduce unnecessary handovers and the hand-

over latency, but the energy consumption of femtocells was not considered. Since the transmission power 

of femtocells and macrocells are asymmetry, Moon et al. [6] proposed that the macrocells and femtocells 

shall be given different signal strength thresholds when determining whether to handoff from the macro-

cell to the femtocell or from the femtocell to the macrocell. However, it does not take the UE velocity 

into consideration. Wu et al. [7] proposed to consider both signal strength and the UE velocity in the 

handover algorithm. However, above studies do not take energy-saving issue into account. 

Femtocells can be deployed indoors or at hotspot to increase wireless broadband service coverage and 

raise data access quality. However, when large number of femtocells exists, the total power consumption 

of femtocells will be tremendously large. Therefore, a well-designed power saving mechanism is needed. 

Currently, there are several research works [8-10] discussing the green energy issue over the macrocell-

femtocell heter-ogeneous network. Ashraf et al. [8-9] proposed a dynamic energy efficient solution to 

save the power consumption of femtocells, where a femtocell stays in idle mode in default until it detect-

ing a transmitting UE entering its coverage. Thus, femtocells only have to wake up when serving users. 

However, this makes a femtocell frequently switch between idle and active modes whenever any trans-

mitting user leaving or arriving at the femtocell, which is still not real power efficient. Chen et al. [10] 

propose a green handover protocol in two-tier OFDMA (Orthogonal Frequency Division Multiple Access) 

macrocell-femtocell networks, where a femtocell only wakes up when a moving UE enters its coverage 

area and the UE can transmit all the data through the femtocell during the dwell time, otherwise, the fem-

tocell keeps idle and the UE remains in macrocell. This causes additional energy consumption and hand-

over cost when the user only has few amounts of data to deliver. To solve above drawbacks, this paper 

proposes a new energy efficient dynamic network configuration method for 4G OFDMA macrocell-

femtocell heterogeneous networks. In the method, we take path loss, bit-error-rate (BER) and group mo-

bility into consideration. To the best of our knowledge, this paper is the first one to consider these three 

factors in the energy efficient macrocell-femtocell heterogeneous network. 

This paper considers a dynamic network configuration problem over energy efficient macrocell-

femtocell heterogeneous networks. In the heterogeneous network, to maintain service availability, mac-

rocells are always on and thus the power consumption of macrocells is a fixed cost. For UEs, connecting 

to femtocells is energy conserving compared with connecting to macrocells. However, leaving a femto-

cell always in active mode will increase unnecessary power consumption of the ne twork. Therefore, 

there exists a trade-off and the objective of this paper is to maximize the energy efficiency and reduce the 

total power consumption of the network including macrocells, femtocells and UEs. The contributions of 

this work are three folds. First, we propose a dynamic network configuration method which performs 

better energy efficiency and power consumption than previous methods. Second, this work does not have 

to predict the dwell time of a UE under a certain cell and consider both path loss, BER and group mobil-

ity ([8-10] are a special case of group size equal to 1), which is more realistic. Third, the performance of 

our method is evaluated over both 3G and 4G systems through simulations. Simulation results show that 

our proposed method outperforms the previous works on energy efficiency, throughput and total power 

consumption.  

2 System Model and Problem Definition 

2.1 System model 

The femtocell [11] is a low power, low cost, and user-deployed equipment. Compared to macrocells, 

the cover-age of femtocells is smaller (e.g. 30-40 m in diameter). For UEs, femtocells can provide good 

signal quality because of the short distance. Deploying femtocells can increase coverage for hotspots, 

improve data transmis-sion rate and offload data traffic for macrocells. Fig. 1 shows the system architec-

ture of a macrocell-femtocell heterogeneous network. The same as macrocells, femtocells work on the 

licensed band and connect to the opera-tor’s core network via DSL broadband backhaul. To save power, 

we propose that a femtocell will enter “idle mode” (see Fig. 1 (1)(2)) when no UEs connecting to it; oth-

erwise, it will stay in active mode. Femtocells connect to the core network through a femto-gateway (see 

Fig. 1 (3)). 
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Fig. 1. Macrocell-femtocell heterogeneous network architecture 

In heterogeneous networks, the femtocell has two spectrum allocation modes [10]: dedicated channel 

and co-channel modes as shown in Fig. 2 (a) and Fig. 2 (b), respectively. In the dedicated channel mode 

(Fig. 2 (a)), channels are divided into two parts. One part of the channels is only used by femtocells, the 

other part of channels is only used by macrocell. The advantage of the dedicated channel mode is the 

interference between macrocell and femtocells can be minimized, but this makes low spectrum efficiency. 

In the co-channel mode (Fig. 2 (b)), all free channels can be non-simultaneously shared by femtocells and 

macrocell (but still maintain a part of channels being only used by macrocell), the spectrum efficiency of 

the co-channel mode is better than that of the dedicated channel mode, but the potential interference be-

tween femtocells and macrocell increases. This paper assumes the co-channel mode for our designed 

method. 

 

Fig. 2. Two spectrum assignment modes in heterogeneous networks 

Fig. 3 (a) and (b) illustrate the power consumption of hardware modules of idle and active femtocells 

[10], re-spectively. The hardware modules are divided into three parts. The first part is random access 

memory compo-nents connect to the microprocessor data handling function. The second part is a field-

programmable gate array (FPGA) which implements the data encryption, the hardware authentication 

and the network time protocol. The third part is the RF (radio frequency) transceiver, including separate 

RF components for the packet transmission and reception, and the RF power amplifier (PA). Fig. 3 (a) 

shows the power consumption of each module when the femtocell is in the active mode and the total 

power consumption is 10.2W. On the other hand, Fig. 3 (b) shows the power consumption of each mod-

ule when the femtocell switches to idle mode. Compared to the active femtocell, an idle femtocell can 

turn off its RF transceiver (Fig. 3 (b) (1)), power amplifier (Fig. 3 (b) (2)) and miscellaneous hardware  

(a) dedicated channel 

(b) co-channel 
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Fig. 3. Power consumption of femtocell hardware 

components related to non-essential functionalities (Fig. 3 (b) (3)), such as data encryption and hard-ware 

authentication. Additionally, since femtocell is in idle mode, a radio sniffer (Psniffer = 0.3W) (Fig. 3 (b) (4)) 

module is switched on to measure the power of UE and macrocell. Totally, an idle femtocell consumes 

6W power. The detail signaling flow of the handover procedure for the 4G macrocell-femtocell hetero-

geneous networks are given in Fig. 4 [5, 10], which are composed of three handover stages, including 

handover preparation, handover execution, and handover completion. Table 1 provides the power con-

sumption of data transmission for the UE and the femtocell [10]. For an LTE UE and 3G UE, connecting 

to the macrocell spends 0.2W and 1W, respectively, but connecting to the femtocell spends an LTE UE 

and 3G UE only about 0.0001mW and 3.2mW, respectively. Hence the power savings of the LTE UE 

and 3G UE are about 0.2W and 1W, respectively, if UEs adopt femtocells instead of macrocells. As what 

has been show in Fig. 3, a femtocell operating in active and idle modes spends 10.2W and 6W, rspec-

tively. If a femtocell keeps staying in idle mode, the power saving is 4.2W. 

Table 1. The power consumption for UE and femtocell 

 Active Idle Power saving 

femtocell 10.2 W 6 W 4.2 W 

 

 Connect to macro-cell Connect to femtocell Power saving 

LTE UE 0.2 W 0.0001 mW ≈ 0.2 W 

3G UE 1 W ≈ 3.2 mW ≈ 1 W 

 

LTE uses Channel Quality Indicators (CQIs) to report the current channel condition and each CQI = k, 

k = 1…15, has its corresponding Modulation and Coding Scheme (MCS) (denoted by MCS (CQI = k)) 

and rate (denoted by rate (CQI = k), the unit is bits/TTI) [12]. Furthermore, for different CQI and differ-

ent BER ( ζ ), it requires different Signal to Interference plus Noise Ratio (SINR). Fig. 5 shows the re-

quired SINR over different ζ for different CQIs [13]. With Fig. 5, we can get each UE j’s minimum re-

quired SINR, ( ),

j

i j
CQIδ ξ , accordingly, where 

j
ξ  is j’s required BER and MCS( j

i
CQI ) is the selected 

(or candidate) MCS between the communication pair, UE j and macrocell/femtocell i.  

Assume the transmit power of node i is 
i
P , the received power of node j, �( , )P i j , can be written as 

(a) active mode 

(a) idle mode 
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Fig. 4. The 4G handover signaling flow in macrocell-femtocell heterogeneous networks 
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L is the path loss. With 

�( , )P i j , the received SINR of node j can be derived as follows. 
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where B is the bandwidth, 
0

N  is the thermal noise, and 
,i j

I  is the interference caused by other transmit-

ters which can be presented as �

,

( , )i j l i
I P i j

≠

=∑ . Note that SINR( , ) ( , )j

i j
i j CQI≥ δ ξ  must be guaranteed, 

where ( , )j

i j
CQIδ ξ  is the required minimum SINR when j

i
CQI  and 

j
ξ  are applied by link ( , )i j . 

2.2 Motivation and problem definition 

Ashraf et al. [8-9] proposed to improve energy efficiency by setting femtocells to idle mode when the 

channel is idle, while switching femtocells to active mode when detecting the signal power of UEs is 

large than a threshold, thus UEs can always deliver data through femtocells if any femtocell exists. How-

ever, femtocells are not always the most energy efficient way to deliver data and additional handover cost 
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Fig. 5. BER for different CQIs (the 99% confidence intervals are depicted in red) 

 

is required. On the other hand, Chen et al. [10] proposed a green handover protocol in which each idle 

femtocell will detect the entry of transmitting UEs and predict UEs’ dwell time. If the dwell time is long 

enough for UEs to transmit all the data via the femtocell, then the femtocell will wake up and UEs hand-

over from the serving macrocell to the femtocell; otherwise, the femtocell will stay idle. Although above 

method reduces the handover cost, but the energy efficiency is still a problem. This motivates us to pro-

pose our solution to maintain an energy efficient communication network with high throughput and low 

total power consumption. Moreover, we consider path loss, MCSs, BER and group mobility, which are 

omitted in previous work. The problem is stated as follows. 

This paper aims to design an energy efficient dynamic network configuration method for 4G OFDMA 

macro-cell-femtocell heterogeneous networks and the assumptions are as below. (1) There is a group of 

N UEs moving in the radio access network, where 1N ≥ . There are M femtocells; some are in idle mode 

(no user connection exists); the others are in active mode (there are UEs connecting to the femtocells). (2) 

For each UE j, j = 1, …, N, this paper considers path loss (
,i j

L ), different system types (3G/4G), required 

BER (
j

ξ ), maximum transmit power (
MAX
P ), and multiple MCSs (MCS ( j

i
CQI =  1, …, 15), where 

j

i
CQI = 1, …, 15). The co-channel allocation mode is used, where all free channels are non-

simultaneously shared by femtocells and macrocell. The problem is to determine (1) whether an idle fem-

tocell shall wake up or not when a group of N UEs pass by or enter its coverage area and (2) whether the 

group of N UEs shall handover from macrocell to femtocell or not. The objective is to maximize the en-

ergy efficiency (E) of overall communication network and maintain both high throughput and low total 

power consumption. 

3 Energy Efficient Dynamic Network Configuration Method 

This section introduces our proposed scheme. Review that we assume a group of N UEs move together 

(where 1 1N ≥ ). The whole field is covered by the macrocell and M femtocells. Each femtocell is ini-

tially open (active) with probability P or sleep (idle) with probability (1-P), where 0 1P≤ ≤ . For femto-

cells, the power consumptions are femto

idleP  and femto

activeP  when in idle and active modes, respectively. For UEs, 

the power consumptions of connecting the macrocell and femtocell are UE

macro
P  and UE

femtoP , respectively. 

We denote the available channel data rate of UE j, j = 1…N, by j

macro
R  (in bit/s) and j

macro
R  (in bit/s) when 

connecting to the macrocell and femtocells, respectively, where j

macro
R  and j

femtoR  depend on the channel 

quality. j

macro
R  can be obtained by the following equation: 
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 12 7 ( )j i

macro j j
R H F MCS= × × ×  (3) 

where 
j

H  is the amount of “physical resource block” (PRB) per second reserved to UE j (note that each 

PRB is composed of 12 subcarriers × 7 symbols), j

kMCS  is UE j’s available highest channel rate MCS, 

and ( )jkF MCS  represents the symbol data rate of j

kMCS . The j

kMCS that UE j can use, is able to be ob-

tained by the following  

 ( ) ( )( 1), ( , ) ,j j

i j i j
CQI k SINR i j CQI k= + > ≥ =δ ξ δ ξ  (4) 

where SINR(i, j) represents the SINR between UE j and the BS i, SINR(i, j) can be derived by Eq. (2), and 

( )( 1),j

i j
CQI kδ ξ= +  and ( ),

j

i j
CQI kδ ξ=  are the required minimum SINRs of 

1

j

kMCS
+

 and j

kMCS  

respectively. So, j

k kMCS MCS= . For simplicity, no matter UE j is connecting to macrocells or femto-

cells, we let UE j’s available resource is always 
j

H . Although frequencies are spatial reusable, this is out 

of the scope of this paper and thus we do not discuss this here. 

Since femtocells provide high data rate and good channel quality, we assume that UEs can use the 

most efficient MCS, when 
H

MCS  connecting to femtocells, j

femtoR can be calculated as follows. 

 12 7 ( )j

femto j HR H F MCS= × × ×  (5) 

When a group of UEs pass a femtocell, the femtocell will evaluate the energy efficiency to determine 

whether it shall allow the group of UEs to handover to it from the serving macrocells. If the femtocell is 

in idle mode, it will also decide whether to stay in idle mode or transit to active mode according to the 

evaluation. In the evaluation, we first conduct the energy efficiency of accessing the macrocell (
macro

E ) 

by the following equation: 

 
j j

macro macro

macro UE UE

macro macro

N R R
E

N P P

×

= =

×

 (6) 

Where we assume the group of N UEs have the same 
j

H  and similar channel conditions to simplify 

the problem. The energy efficiency of accessing the femtocell can be derived by the following equation: 

 
( )

,

,

j

femto

femto femto UE

active idle femto

femto
j j

femto femto

UE UE

femto femto

N R
when initially idle

P P N P
E

N R R
otherwise

N P P

⎧ ×
⎪

− + ×⎪
= ⎨

×⎪
=⎪ ×⎩

　

　

　

 (7) 

where ( )femto femto

active idleP P− is the extra power consumption for an idle femtocell switching from idle mode to 

active mode. If >femto macroE E , represent that accessing the femtocell is a more energy efficient way than 

the macrocell for the UEs, i.e., accessing the femtocell, the UEs can deliver more data by spending per 

joule energy instead of the macrocell; on the contrary, if femto macroE E≤ , handover to the femtocell is not 

worthy. 

Based on this principle, our method is designed as follows. 

(1) Once a femtocell detecting any UE’s entry of the femtocell’s coverage area, if the femtocell is in 

idle mode, go to Step 2; otherwise, go to Step 3. 

(2) Evaluate the energy efficiency of accessing the macrocell and femtocell. If femto macroE > E , i.e., 

( )femto femto UEj
active idle femtofemto

j UE

macro macro

P P N PN R

R P

+ − ××

> , the femtocell switches to active mode, waits for the UEs hand-

over requests, and go to Step 4; otherwise, i.e., femto macroE E≤ , the femtocell keeps staying in idle mode,  
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and go back to step 1. 

(3) If femto macroE > E , i.e., 

j UE

femto femto

j UE

macro macro

R P

R P
> , the femtocell determines to allow the UE’s handover re-

quests and wait for their requests and go to Step 4; otherwise, i.e., femto macroE E≤ , the femtocell decides to 

reject the UE’s handover, thus the UEs will continue to stay in macrocell, and go back to step 1. 

(4) Upon receiving the handover requests of the UEs (here we assume UEs prefer accessing femtocells 

then macrocells), accept the handover requests and go to Step 5. 

(5) The femtocell provides radio access service for the UEs. 

(6) Once the femtocell discovers that there is not radio connection existing, set an “off ” timer and 

switch back to idle mode if there’s no connecting request before timeout. 

Fig. 6 shows the flow charts of the proposed energy efficient dynamic network configuration method 

when the femtocell is initially in the idle mode. 

 

Fig. 6. The flow chart of the proposed algorithm for an idle femtocell 

4 Simulation Results 

To evaluate the proposed energy efficient dynamic network configuration method, we develop a simula-

tion platform by the C programming language. System parameters are as shown in Table 2 [14-16]. The 

network size is 1300 2 1300 2m m×  with one macrocell in the center and f fn n×  femtocells uniformly 

deployed. All femtocells connect to the core network through the femtocell gateway (F-GW) (Fig. 7 (3)). 

The transmission power of the macrocell and the femtocell is 46dBm and 20dBm, respectively. The mac-

rocell supports six MCSs ( 1/ 2,QPSK  3/ 4,QPSK  16 1/ 2,QAM  16 3/ 4,QAM  64 2 / 3,QAM  and 64 3/ 4QAM ), 

while the femtocells always use 64QAM3/4 to communicate with UEs because of the short communica-

tion distance between UEs and femtocells. Each femtocell is initially active with probability P (with us-

ers connecting to it, Fig. 7 (2)) and idle with proba-bility (1-P) (no user connection, Fig. 7 (1)). The 

power consumption of active and idle femtocells is 10.2W and 6W, respectively. The power consumption 

of 3G and LTE UEs is as shown in Table 1. We simulate a group of N UEs moving in the network. Each 



Journal of Computers Vol. 27, No. 4, 2016 

77 

simulation result is derived by averaging 1000 experiments. We compare our scheme to Ashraf [8-9] and 

Chen [10] with the following performance metrics: (1) total amount of extra energy consumption (in 

W ⋅ sec): the total amount of energy consumption minus the fixed con sumption of ini-tially active femto-

cells, (2) throughput (in MByte): the amount of total delivered data from macrocell/femtocells to the UEs, 

(3) energy efficiency (in bit/joule): the amount of total delivered data from macrocell/femtocells to the 

UEs divided by the total amount of extra energy consumption, (4) handover frequency, including hand-

overs from macrocell to femtocell and femtocell to macrocell. In the following, we will evaluate the per-

formance of our proposed scheme, Ashraf and Chen under the saturated and non-saturated traffic condi-

tions in the subsection 4.1 and 4.2. 

Table 2. Simulation parameters 

System parameters 
Network size 1300 2 1300 2m m×  

Macrocell support MCS 1/ 2,QPSK 3/ 4,QPSK 16 1/ 2,QAM  

16 3/ 4,QAM 64 2 / 3,QAM 64 3/ 4QAM  

Femtocell coverage range 55.78 m 

Mobility UEs (N) 1 – 10 

Velocity of UEs 1m/s – 10m/s 

Deployment Number of femtocell ( 1 15)f f fn n n× = −  

Thermal noise -174dBm/Hz 

Path loss  

Macrocell-macro UE 

10
15.3 37.6log

db
PL R= +  

Femtocell-femto UE different buildings 

10 10 2 ,
max(38.46 20log ,15.3 37.6 log ) 0.7

db D indoor
PL R R d= + + +  

Penetration loss 20dB 

Macrocell parameters 
Maximum transmit power 46dBm 

Maximum antenna gain  

Noise figure 

14dBi 

5dB 

Femtocell parameters 
Maximum transmit power 20dBm 

Maximum antenna gain  

Noise figure  

0dBi 

7dB 

UE parameters 
Maximum transmit power  23dBm 

Maximum antenna gain  

Noise figure  

0dBi 

7dB 

 

Fig. 7. The simulation environment 
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4.1 Performance evaluation under the saturated traffic condition 

The Effect of P. Fig. 8, 9 and 10 show the effect of femtocell open probability, P, on total amount of 

extra energy consumption, energy efficiency and average handover frequency, respectively. In the simu-

lation, we set N = 5, nf = 10 and the moving speed of UEs is 1m/s. Fig. 8 (a) and (b) show the impact of P 

on total amount of extra energy consumption over 4G and 3G networks, respectively. As we can see from 

the figures, our method outperforms Ashraf and Chen. Ashraf always selects femtocells if active femto-

cells exist, while Chen always connects to the macrocell because we assume there is always data in the 

network for the UEs. Our proposed method intelligently selects an energy-saving way for UEs to deliver 

data. That is, if femtocells are more energy efficiency than the macrocell, then chooses femtocells; oth-

erwise, choose macrocell. Ashraf performs better in 3G net-works than 4G networks. This is because for 

UEs, connecting to femtocells can save 1W power compared to connecting to macrocells in the 3G net-

work, while the power saving is only 0.2W in the 4G network, i.e., choosing femtocells in 3G network is 

a smart strategy but it may not work in 4G networks. Fig. 9 (a) and (b) show the impact of P on the en-

ergy efficiency over 4G and 3G networks, respectively. Again, our scheme performs better than Ashraf 

and Chen over both 4G and 3G networks. As P increases, both the energy efficiency of our scheme and 

Ashraf increase. This is because the femtocells consume less extra energy to serve the group of N UEs. 

Fig. 10 (a) and (b) show the impact of P on the average handover frequency over 4G and 3G networks, 

respectively. Chen performs the best because it always chooses to connect to the macrocell. Ashraf per-

forms the worst be-cause it always chooses to connect to the femtocells if femtocells exist. The average 

handover frequency of our scheme increases as P increases in the 4G case. This is because the extra en-

ergy cost to access a femtocell de-creases such that our scheme tends to use femtocells and the average 

handover frequency increases then. 

 

Fig. 8. The effect of P on extra energy consumption 

 

Fig. 9. The effect of P on energy efficiency 

The effect of N. Fig. 11 represents the effect of N on the total amount of extra energy consumption per 

UE over 4G networks. As we can see from the figure, our scheme performs the best. As shown in Fig. 11 

(a), when N increases, the total amount of extra energy consumption per UE decreases for our method 

and Ashraf. This is because that more UEs share the extra energy spent by the femtocells when N in-

creases. Fig. 11 (b) illustrates the impact of N on the throughput over 4G networks. As we can see from 

the fi gure, the throughput increases when N rises. Our scheme shows slightly better throughput than the 

other two schemes. Fig. 11 (c) shows the impact of N on the energy efficiency over 4G networks. For all  

(b) (a) 

(b) (a) 
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Fig. 10. The effect of P on average handover frequency 

 

Fig. 11. The effect of N on (a) extra energy consumption, (b) throughput, and (c) energy efficiency over 

4G networks 

the values of N, our scheme always performs the best. Overall, our scheme shows better energy effi-

ciency, total power consumption and throughput than the other two schemes. 

The effect of the velocity of UE(s). Fig. 12 and 13 show the effect of UE velocity on energy efficiency 

and average handover frequency, respectively. As we can see from Fig. 12, our method outperforms Ash-

raf and Chen. Ashraf always selects femtocells if femtocells exist, while Chen always connects to the 

macrocell because of the saturated traffic condition. Our proposed method intelligently selects an energy-

saving way for UEs to deliver data. That is, if femtocells are more energy efficient than the macrocell, 

then choose femtocells; otherwise, stay in the macrocell. Ashraf performs better in 3G networks than 4G 

networks because for UEs, connecting to femtocells can save 1W power compared to connecting to the 

macrocell, but the power saving is only 0.2W when connecting to femtocells instead of the macrocell in 

4G networks. Fig. 13 (a) and (b) show the impact of UE velocity on the average handover frequency over 

4G and 3G networks, respectively. As UE velo city increases, we can see that the handover frequency 

increases for our method and Ashraf, but our method performs better than Ashraf. This is because that 

our method does not always select femtocells when moving into the coverage of femtocells. Chen always 

connects to the macrocell so the handover frequency is 0. Our method performs poorer in 3G networks 

than 4G networks because for UEs, connecting to femtocells in 3G networks can save more power than 

that in 4G networks, thus increasing the number of handover events. When UE velocity increases, the 

average handover frequencies of our met hod and Ashraf both increase. The reason is that UEs spend less 

time in the network, but the average amount of handover events is the same. 

(b) (a) 

(a) (b) 

(c) 

(N) (N) 

(N) 
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Fig. 12. The effect of UE velocity on energy efficiency 

 

Fig. 13. The effect of UE velocity on average handover frequency 

4.2 Performance evaluation under the non-saturated traffic condition 

The effect of P. Fig. 14 shows the effect of femtocell open probability, P, on normalized extra energy 

consump-tion, normalized energy efficiency and normalized average handover frequency over 4G net-

works. In the simulation, we set N = 5, the moving speed of UEs is 1m/s and nf = 10. Fig. 14 (a) shows 

that our method consumes less energy than both Ashraf and Chen. Ashraf and Chen always select femto-

cells if active femtocells exist. Chen selects femtocells because under an unsaturated traffic condition, a 

UE can deliver all its buffered data if the residence time is long enough. Our proposed method intelli-

gently selects an energy -saving way for UEs to deliver data. That is, if femtocells are more energy effi-

ciency efficient than the macrocell, then choose femtocells; otherwise, choose to stay in the macrocell. 

Fig. 14 (b) shows the impact of P on the normalized energy efficiency over 4G networks. Again, our 

scheme performs better than Ashraf and Chen. Ashraf and Chen present the same results. This is because 

the femtocells consume less extra energy to serve the group of N UEs. Fig. 14 (c) shows the impact of P 

on the normalized average handover frequency over 4G networks. Our scheme performs better than Ash-

raf and Chen. Ashraf and Chen perform the worst because they always choose to co n-nect to the femto-

cells no matter the femtocells are originally idle or active if femtocells exist. So Ashraf and Chen get the 

same results. The average handover frequency of our scheme increases as P increases. This is be-cause 

the extra energy cost to access a femtocell decreases such that our scheme tends to use femtocells and 

thus increasing the average handover frequency. 

The effect of femtocell numbers. Fig. 15 shows the effect of femtocell numbers on the normalized extra 

ener-gy consumption, normalized energy efficiency and normalized average handover frequency over 4G 

networks. In the simulation, we set N = 5, the moving speed of UEs is 1m/s and P = 0.5. Fig. 15 (a) 

shows the impact of nf on the normalized extra energy consumption. When the number of deployed fem-

tocells inc reases, we can see that our method improves more compared to Ashraf and Chen. Ashraf and 

Chen always select femtocells if femtocells exist. On the contrary, our proposed method intelligently 

selects an energy saving way for UEs to deliver data. That is, if femtocells are more energy efficient, then 

choose femtocells; otherwise, stay in the macrocell. Fig. 15 (b) shows the impact of nf on the normalized 

energy efficiency. Again, our scheme performs better than Ashraf and Chen. This is because that an en-

ergy efficient femtocell consumes less extra energy to serve the group of N UEs compared to the macro-

cell, but an energy consuming femtocell wastes much power than the macrocell. Our method tends to 

access the former type of femtocells but skip the later one. On the other hand, Ashraf and Chen always  

(a) (b) 

(a) (b) 
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Fig. 14. The effect of P on (a) normalized extra energy consumption, (b) normalized energy efficiency, 

and (c) normalized average handover frequency over 4G networks 

 

Fig. 15. The effect of femtocell numbers on (a) normalized extra energy consumption, (b) normalized 

energy efficiency, and (c) normalized average handover frequency over 4G networks 

select femtocells no matter the femtocells are energy efficient or energy consuming ones. Fig. 15 (c) 

shows the impact of nf on the normalized average handover frequency. Our scheme performs better than 

Ashraf and Chen. Ashraf and Chen perform worse than our scheme because they always choose to con-

nect femtocells if femtocells exist. The handover frequency of our scheme increases as nf increases. This 

is because the probability of encountering a femtocell increases and thus increasing the average handover 

frequency. 

The effect of N. Fig. 16 (a) represents the effect of N on the normalized extra energy consumption over 

4G networks. As we can see from the figure, our scheme performs the best. As N increases, the total ex-

tra energy consumption of our method performs closer to Ashraf and Chen. This is because that more 

UEs share the extra power spent by the femtocells, which switch from the idle to active modes when N 

increases. Fig. 16 (b) illustrates the impact of N on the normalized energy efficiency over 4G networks. 

(a) (b) 

(c) 

(a) (b) 

(c) 
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As we can see from the figure, when N increases, more UEs share the extra power spent by the femto-

cells to switch from the idle mode to the active mode. So, for a large N, UEs in our scheme tend to 

choose femtocells no matter the femtocells are originally idle or active and the performance of the three 

schemes becomes the same. Fig. 16 (c) shows the impact of N on the normalized average handover fre-

quency over 4G networks. For all N, our scheme performs better than or equal to the other two schemes. 

 

Fig. 16. The effect of N on (a) normalized extra energy consumption, (b) normalized energy efficiency, 

and (c) normalized average handover frequency over 4G networks 

The effect of the velocity of UE(s). Fig. 17 shows the effect of UE velocity on the normalized extra 

energy consumption, normalized energy efficiency and normalized average handover frequency over 4G 

networks. In the simulation, N = 5, nf = 10 and the femtocell open probability is P = 0.5. Fig. 17 (a) 

shows the impact of UE velocity on the normalized extra energy consumption over 4G networks. As we 

can see from the figure, our scheme performs the best. Fig. 17 (b) shows the impact of UE velocity on the 

normalized energy efficiency over 4G networks. As we can see from the figure, our method outperforms 

Ashraf and Chen. Ashraf and Chen always select femtocells if femtocells exist. On the contrary, our 

method intelligently selects an energy-saving way for UEs to deliver data. That is, if femtocells are more 

energy efficient than the macrocell, then choose femtocells; otherwise, stay in the macrocell. Fig. 17 (c) 

shows the impact of UE velocity on the normalized average hand over frequency over 4G networks. We 

can see that our method performs better than Ashraf and Chen. 

5 Conclusion 

In this paper, an energy efficient dynamic network configuration method is designed for 4G OFDMA 

macrocell-femtocell heterogeneous networks. When there are no users connecting to femtocells, they turn 

off the transceivers and the related circuits and switch to idle mode to save power. Once an idle femtocell 

detects moving UEs, the dynamic network configuration scheme is executed to determine whether it shall 

wake up and allow the UEs to handover from macrocell to femtocell or not (for an active femtocell, it 

also has to decide whether to accept the UEs or not). Our method evaluates the energy efficiency of con-

necting to the macrocell and the femtocells and makes decision accordingly. To design a general solution, 

the proposed method takes group mobility, path loss, MCSs, BER, maximum transmit power and the 

type of networks into account. In the performance evaluation, we test both saturated and non-saturated 

traffic conditions. Simulation results show that our scheme outperforms previous works in energy effi-

ciency, total power consumption and throughput regardless of 3G and 4G systems. 

(a) (b) 

(c) 
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Fig. 17. The effect of the velocity of UE(s) on (a) normalized extra energy consumption, (b) normalized 

energy efficiency, and (c) normalized average handover frequency over 4G networks 

Acknowledgement 

This research is co-sponsored by MOST grants 103-2221-E-024-005- and 104-2221-E-024-005-. 

References 

[1] K. David, N. Jefferies, Wireless visions: a look to the future by the fellows of the WWRF, IEEE Vehicular Technology 

Magazine 7(4)(2012) 26-36. 

[2] T. Chen, Y. Yane, H. Zhang, H. Kim, K. Horneman, Network energy saving technologies for green wireless access net-

Works, IEEE Wireless Communications 18(5)(2011) 30-38. 

[3] C. Han, T. Harrold, J. Timothy, S. M D. Armour, I. Krikidis, S. Videv, Peter M. Grant, H. Haas, John S. Thompson, I. Ku, 

C.X.X. Wang, T.A. Le, R.R. Nakhai, J. Zhang, L. Hanzo, Green radio: radio techniques to enable energy-efficient wireless 

networks,  IEEE Communications Magazine 49(6)(2011) 46-54. 

[4] A. Ulvan, R. Bestak, M. Ulvan, The study of handover procedure in LTE-based femtocell network, in: Proc. of Wireless and 

Mobile Networking Conference (WMNC), 2010. 

[5] H. Zhang, X. Wen, B. Wang, W. Zheng, Y. Sun, A novel handover mechanism between femtocell and macrocell for LTE 

based networks, in: Proc. of International Conference on Communication Software and Networks (ICCSN 2010), 2010. 

[6] J.M. Moon, D.H. Cho, Novel handoff decision algorithm in hierarchical macro/femtocell networks, in: Proc. of IEEE Wire-

less Communications and Networking Conference (WCNC 2010), 2010. 

[7] S. Wu, X. Zhang, R. Zheng, Z. Yin, Y. Fang, D. Yang, Handover study concerning mobility in the two-hierarchy network, in: 

Proc. of IEEE Vehicular Technology Conference (VTC 2009-Spring), 2009. 

[8] I. Ashraf, L.T.W. Ho, H. Claussen, Improving energy efficiency of femtocell base stations via user activity detection, in: 

Proc. of IEEE Wireless Communications and Networking Conference (WCNC 2010), 2010. 

[9] H. Claussen, I. Ashraf, L.T.W. Ho, Dynamic idle mode procedures for femtocells, Bell Labs Technical Journal 15(2)(2010) 

(a) (b) 

(c) 



Energy Efficient Dynamic Network Configuration in Two-Tier LTE/LTE-A Cellular Networks 

84 

95-116. 

[10] Y.S. Chen, C.Y. Wu, A green handover protocol in two-tier OFDMA macrocell-femtocell network, Mathematical and 

Computer Modeling 57(11-12)(2012) 2814-2831. 

[11] V. Chandrasekhar, J.G. Andrews, A. Gatherer, Femtocell networks: a survey, IEEE Communications Magazine 46(9)(2008) 

59-67. 

[12] European Telecommunications Standards Institute, 3GPP TS 36.213 v12.0.0. 2013. 

[13] J. Blumenstein, J. Ikuno, J. C. Prokopec, M. Rupp, Simulating the long term evolution uplink physical layer, in: Proc. of 

ELMAR, 2011. 

[14] S. Sesia, T. Issam, B. Matthew, LTE-the UMTS Long Term Evolution, From Theory to Practice, Wiley, Chichester, 2009. 

[15] European Telecommunications Standards Institute, 3GPP TR 36.814 V9.0.0, 2010. 

[16] Z. Zheng, J. Hamalainen, Y. Yang, On uplink power control optimization and distributed resource allocation in femtocell 

networks, in: Proc. of IEEE VTC-Spring, 2011. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF005B683964DA300C005000440046002800310032003000300064007000690029300D005D0020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName <FEFF005B9AD889E367905EA6005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


