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ABSTRACT 
Adding Femto Base Stations (FBSs) has become the latest approach in multiplying the capacity and coverage in the current cellular 
networks. Moreover, rapidly growing demand for capacity results in very dense deployments of FBS which skyrockets the energy 
consumption of the cellular networks. Thus, increasing Energy Efficiency (EE) is considered more important in small cell research 
to reduce the impact on the environment. In this paper, we model a problem that maximizes the EE of an FBS network. Then, we 
suggest a analytical approach that calculates the transmission power of FBSs in terms of spreading factors which maximizes the EE 
of the network while protecting User Equipments’ (UEs’) signal to interference and noise ratio threshold and requirements of 
service quality. Here, transmit power spreading reduces the energy consumption and co-tier interference among neighbouring 
FBSs. The proposed approach depends on the channel quality indicator from its associated UEs but does not require any feedback 
from neighbouring FBSs. Here we use an algorithm called RRS which further increases energy efficiency of FBS. The simulation 
results shows increase in FBS network EE and energy saving without any loss in throughput.  

 
KEYWORDS: Energy Efficiency(EE), Radius reduction and scheduling(RRS), macro femto cell networks, power control, 

resource allocation.  
 

INTRODUCTION 

 

 The present wireless cellular network connects millions of nodes consisting of smart phones, tablet PCs, 

intelligent machines, and vehicles to the Internet. The number of these connected devices is going to rise 

multifold in near future with the imminent trends in Internet of Things and cyber-physical systems. These 

devices of next generation will demand higher data rate and ubiquitous coverage. In order to achieve this, a 

large number of devices and services are getting off loaded to Heterogeneous Cellular Networks (HetNets). 

HetNets [1] consists of low power Base Stations (BSs) superimposed in Macro Base Station (MBS) coverage 

area. The low-powered BSs such as Pico BSs, Femto BSs (FBSs), and relay nodes bring User Equipments (UEs) 

closer to the network and provide higher spectrum reuse, which is primary to improve data rate and quality of 

experience. Among these low-power BSs, the importance to FBSs is trending up due to their exclusive features 

such as small form factor, IP-based backhaul, and support for ad-hoc deployment by end users without any 

operator interference. Moreover, new studies show that 50% of voice and 70% of mobile data emerge from 

indoors [2] which cannot be efficiently served by outdoor BSs [3] but by indoor FBSs. Hence, there is going to 

be ultra dense deployment of FBSs in near future resulting in high co-tier intervention. Thus, most of the 

research work in the literature is on interference avoidance and co-ordination techniques [4] via spectrum and 

power allocation. The energy consumption of an FBS is very low when compared to any other BS but with more 

number of FBSs, the total energy consumption of HetNets will skyrocket significantly. Therefore, the research 
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focus in cellular network is transferring towards increasing Energy Efficiency (EE), which was mostly neglected 

[5]. 

 

Related work: 

 There are studies to improve the EE in HetNets using different strategies such as cell size modification, UE 

association, BS sleep scheduling, power allocation, and spectrum allocation. Leem et al. in [6] have investigated 

the relationship between different cell sizes on system capacity and energy saving of UEs and BSs. Their results 

depict that small BSs with higher path loss exponent achieve higher link capacity and per-unit energy capacity. 

Wang et al. in [7] have proposed an UE association algorithm for efficient utilization of green energy in HetNets. 

They first formulated a constrained total energy cost minimization problem. Then, they decomposed the 

problem into two complementary problems: UE association and optimal bandwidth allocation. Finally, they 

proposed a bandwidth allocation algorithm to minimize the power consumption of each BS under a particular 

UE association scheme. Green energy consumption maximization techniques minimize the use of non-

renewable energy consumption but they do not increase the EE of the system. UE association techniques are 

simple to study and effective in increasing EE but all the UEs cannot be assumed to follow or implement these 

new association techniques. Chung in [8] has proposed an efficient energy-saving transmission algorithm to 

minimize the power consumption of the transceivers of a BS. The proposed algorithm activates and deactivates 

a group of FBSs according to dynamically varying traffic load while satisfying the rate requirement of all the 

associated UEs. Chai et al. in [9] have combined Partial Spectrum Reuse(PSR)and BS sleep scheduling [Active 

Probability Ratio (APR)] to improve the EE of HetNets. The proposed algorithm achieves a desired coverage 

probability of BS by deriving the optimal PSR and APR of MBSs and FBSs. In order to minimize the energy 

consumption of HetNets, they resort to re-optimize PSR and APR. Kim et al. in [10] have proposed a scheme to 

jointly decide the FBS operation mode (active or sleep) and the association between UEs and active FBSs to 

reduce the total energy consumption for a densely deployed FBS network. Sleep scheduling techniques switch 

off underutilized or redundant FBSs while protecting the system coverage requirement and UE Quality of 

Service (QoS) requirements. These techniques decrease energy consumption and interference but they also 

increase the probability of cell outage. Moreover, these techniques do not minimize the energy consumption of 

the active BSs, which can be achieved through transmit power spreading. Mao et al. in [11] have proposed two 

distributed power control schemes to improve EE of a two tier MBS-FBS HetNet. They are 1) a gradient-based 

distributed power control scheme that adjusts the sub-channel transmission power with respect to the feedback 

on interference from its neighbouring BSs, and 2) a completely autonomous energy-efficient game based power 

control scheme that does not need any knowledge of neighbouring BSs’ interference profile. Their schemes 

assume that all the BSs have cognitive spectrum sensing capabilities. In [12], the authors model the sub-channel 

and power allocation problem as a non cooperative game to maximize the system EE. But in order to decrease 

the computational complexity they decomposed the joint EE maximization problem in to conflict free sub-

channel allocation and EE power control that reduces inter FBS interference. 

 Ren et al. in [13] have investigated EE and fair resource allocation in an orthogonal frequency division 

multiplexing-based communication system. They have suggested an optimal power allocation strategy for a 

given subcarrier assignment and have also presented the difference between energy efficient and spectral 

efficient policies. Sub-channel allocation and power control techniques have received a lot of attention in the 

literature but these optimization problems have a very high computational requirement. In order to solve these 

optimization problems,afixed or predetermined allocation of sub-channels per UE is assumed. Thus, the joint 

optimization problem reduces to a simple power control problem but the proposed solutions cannot be 

implemented in production. Li et al. in [14] have discussed the basic concepts of energy efficient 

communication in physical and MAC layers. They have also suggested a few valuable topics such as multiple 

input multiple output and relays to improve the EE of the network. However, the current low-cost and low-

powered FBSs do not have these advanced features. Most of the existing literature suggests the use of UE 

association, BS sleep scheduling, and joint sub-channel allocation and subsequent power control to decrease co-

tier interference and increase throughput, which improves EE. However, these techniques do not minimize the 

energy consumption of the active BSs, which can be achieved through transmit power spreading. Finally, 

increasing EE while decreasing energy consumption using some Spreading-based Power (SP) control technique 

for a dense FBS network has not been investigated as a primary objective to the best of our knowledge [15]. 

Therefore, we have compared our proposed technique with the basic transmit power allocation technique. 

 It can be noted from Shannon’s capacity formula that bit rate is proportional to allocated spectrum and log 

of Signal to Interference plus Noise Ratio(SINR).Hence, higher spectrum reuse with a slightly lower SINR will 

achieve higher data rate and EE. Guvenc and Kozat in [16] suggest a unique concept of transmit power 

spreading to exploit the above observation. They have demonstrated that there is a significant improvement in 

throughput with two neighbouring FBSs. However, a detailed analysis of spreading to increase FBS network EE 

is not p resent in the literature to the best of our knowledge. In this paper, we suggest the use of transmission 

power spreading in a dense FBS network to increase its EE while protecting the QoS requirement and SINR 
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threshold of its UEs. We first formulate an optimization problem to maximize the sum EE of the FBS network 

by determining the transmit power spreading factors for each and every FBS. The optimal spreading factor for 

an FBS is directly related to the optimal spreading factor of all its neighbouring FBSs. Hence, the formulated 

problem has to be solved at a central location such as Femto Gateway (FGW). Therefore, we suggest a heuristic 

approach to find the set of near optimal spreading factors that maximize FBS network EE. The heuristic 

computes the spreading factor for each and every FBS with just the Channel Quality Indicator (CQI) from its 

UEs. It does not require any change at the UEs but at the FBSs. We also establish that the proposed heuristic is 

simple, has low computational complexity and can be implemented in the production. The proposed heuristic is 

simulated in both outdoor open access FBS network and indoor closed access FBS network with varying UE 

load. Finally, we analyse FBS network throughput, Physical Resource Block (PRB) utilization, energy 

consumption, and EE to study the effectiveness of the proposed heuristic. 

 

System model: 

 We consider a two-tier Macro femto HetNet (see Fig. 1). The FBS tier consists of a few FBS clusters, 

which are distributed randomly in the MBS coverage area. Let F be the set of FBSs present in the MBS 

coverage area. The set of FBSs F(i) neighbour to FBS i is discovered using Neighbour Information Discovery 

(NID) process. In this process, an FBS periodically broadcasts its id (TxFBSID) over the air interface with 

transmit power equal to twice of per sub-channel power so that its neighbouring FBSs can receive the message. 

After receiving this transmission, a neighbouring FBS sends its own id (RxFBSID) to the sender (TxFBSID) of 

the message over the backhaul[17].Since the FBSs are closely deployed to each other, an UE can fall in the 

transmission range of more than one neighboring FBS. 

 We analyze the downlink capacity and EE of FBS tier with the following assumptions: 

1) all FBS shave identical backhaul capacity, transmit power, and antenna gain; 

2) each FBS is connected to the cellular core over Internet through an FGW; 

3) all FBSs are active at all the time; they do not follow any on–off pattern; 

4) all UEs are identical and have similar SINR threshold requirement; 

5) an UE can associate to at most one FBS thus receiving a nonzero bit-rate; 

6) the CQI and SINR of all the UEs are known at every instant of time; 

7) the channel gain is same across all the sub-channels for a given UE-BS link (all the sub-channels experience 

flat fading). 

 

A. User Association Schemes: 

 The FBSs in our system can operate in two different access modes. 

1) Open Access Mode: UE u is associated to the FBS i, if FBS i provides the highest Reference Signal Received 

Power (RSRP) among all the FBSs in the UE’s vicinity. This is also known as Max RSRP based association and 

it is given below, 

SBSu = arg maxi(RSRPu, i)                (1) 

where SBSu is the serving BS of UE u, and RSRPu,i is the RSRP of UE u from FBS i. 

2) Closed Access Mode: An FBS i(∈ F)only serves a closed subscribed group of UEs. 

Let U(i) denote the set of UEs associated with FBS i. The UEs that are not associated with any FBS are ignored 

from the analysis. 

 

 
 

B. Spectrum Allocation: 

 The total spectrum available in the system is W Hz; it is divided into O orthogonal sub-channels. There are 

two main spectrum allocation techniques discussed in the literature, 
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1) Co-channel Deployment (CCD): All BSs transmit on all the available downlink sub-channels to serve their 

UEs without performing any interference coordination. This technique results in very high co-tier and cross tier 

interference. 

 

2) Orthogonal Deployment (OD):  

FBSs transmit on a fraction N of the available sub-channels, while MBS transmits on the remaining O−N sub-

channels (N<O).This technique avoids the cross-tier interference altogether, but the spectrum available at any 

FBS in OD is lower than that in CCD. 

 

C. Physical Link Model and Bit-Rate: 

 The SINR of a UE u from FBS i on any sub-channel is 

Γ(u,i) =[Pi h(u,i) ]/[∑j F(i)Pihu;j+ 2] ∀u U(i)andi            (2) 

 where Pi(Pj) is the pre sub-channel transmit power of FBS i(j). hu,i(hu,j) is the channel gain of UE u from 

FBS i(j), and σ2 is the additive white Gaussian noise power. The downlink data rate, ru,i, in bits per second of a 

UE u from FBS i is a function of SINR i.e., ru,i = (Γu,i). Here,  (.)is the rate function and is assumed to be 

same for each FBS in the system. For a very basic scenario, the rate function can be represented as 

 (Γu,i)=W∗log2(1+Γu,i)               (3) 

 We have used LTE specific Modulation and Coding Schemes (MCSs) as given in [17] for our simulation. 

 

Time Sharing:  

 We assume that at any instant of time, an FBS allocates all its resources to only one UE. The above 

assumption is only for analytical simplicity. Any scheduling algorithm that allocates different subset of sub-

channels to the UEs can be reduced to the scheduling of this form [18]. According to this assumption, let xu,i be 

the fraction of time for which FBS i allocates all its resources to UE u. The scheduled downlink bit-rate λu,i of 

UE u from FBS i in bits per second would be 

λu,i = ru,i xu,i                  (4) 

 The PRB utilization ( i) of FBS i can be defined as the sum of the time FBS i allocates all its resources to 

the UEs (U(i)) associated to  

 i =                (5) 

 Now, the average system PRB utilization ( ) can be defined as 

= /N                (6) 

 where N is the total number of sub-channels for the FBS network 

 

D. Energy Efficiency: 

 The energy consumption of FBS i is divided into two parts: 1)The constant power consumption, E0, and 

2)the sum transmit power of the FBS across all the sub-channels. E0 is then on transmission power consumption 

which includes battery backup, cooling, etc. It is the minimum power consumed at an FBS to keep the internal 

circuitry active. The total energy consumption of FBS i is calculated as 

Ei=E0+E( 1/             (7) 

 where ςi, and ψi represent power amplifier efficiency and signal processing overhead, respectively. The 

function E(.) maps the total transmit power of FBS i to the equivalent energy consumption [19]. In order to 

analyze the EE of FBS i, we calculate the ratio of throughput ( u∈U(i) λ u,i) to energy consumption (Ei). The 

normalized EE of FBS i is calculated as 

ηi = u∈U(i) λu,i / Ei) ∀i ∈ F.              (8) 

 

System analysis: 

Proposed system: 

 Densely-deployed femto cell networks are used to increase wireless coverage in public spaces like office 

buildings, subways, and academic buildings. These networks can multiply throughput for users, but edge users 

can suffer from co-channel intervention, resulting in service outages. This paper propose a distributed algorithm 

for network configuration, called Radius Reduction and Scheduling (RRS), to enhance the performance and 

fairness of the network. RRS regulates cell sizes using a OFDM based framework, then schedules users using a 

scheduling algorithm that incorporate vacancy requests to increase fairness in dense femto cell networks. We 

prove that our algorithm always truncate in a finite time, producing a configuration that guarantees user or area 

coverage. 
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Modules Description: 

1.Cellular Networks Deployment 

2.Data Communication 

3.RRS Algorithm 

4.Performance Analysis 

 

1.Cellular Network Deployment: 

 Cellular network is a step by step process of system design and system integration which involves, RF 

Propagation studies and coverage prediction, Identification of location of Cell site , Engineering of traffic, Cell 

planning, etc. In short, it combines science, engineering and art, where a good accord among all three is primary 

to the successful implementation and continued robust operation of cellular communication system. 

 

 
 

 The femto cell is designed to be installed by the subscriber, with no technical knowledge, i.e. it is a ‘plug 

and play’ device. The femto cell utilizes the user's broadband network (DSL or Cable Modem) to backhaul data 

to the mobile operators’ main network. In 2007 The Femto Forum was formed, to promote Femto cell 

technology and to promote the creation of an open standard. In 2009 a 3 way collaboration of the Femto Forum, 

3GPP and the Broadband Forum announced a standard femto cell, published by 3GPP[20]. 

 

The femto cell network architecture: 

 The femto cell network architecture describes three main elements: The Home Node B (HNB) 

communicates with the Home Node B Gateway (HNB-GW), over the consumer’s broadband Internet link, via 

the Iuh interface as described in the schematic below: 

 

 
 

 The Home NodeB Gateway (HNB-GW) serves the motive of an Radio Network Control presenting itself to 

the operate core network as a concentrator of Home NodeB (HNB) connections. One cell is served by each 

HNB-GW and there is a one-to-many relationship between HNB-GW and HNB’s. 

 

LTE Femto cells: 

 Ever since the initiation of 3G-LTE, with its major enhancement in capacity and performance, there has 

been much confusion about the role that Femto cells might play in the rollout of this new cellular technology. In 

this section we take a brief look at the proposals for the LTE femto cell architecture and then consider the 
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deployment scenarios that are open to us, to provide a more adequate , more cost effective and less risky 

network rollout program than we saw for 3G networks. 

 

Potential Deployment Scenarios for LTE Femto cells: 

 Up to now, femto cells have been deployed ‘after the fact’ to counter the shortcomings of the macro 

networks in providing adequate in-building coverage and sufficient capacity in localized areas of high data 

demand, with LTE, we now have the opportunity to employ femto cells from day one. The onset of LTE with its 

metaphysical headline data rates of 100Mbps DL and 50Mps UL opens up opportunities for new benefit like 

mobile TV, interactive gaming, and so on. However, it is impractical to believe we can deliver this kind of 

broadband capacity with traditional macro networks alone. To maintain levels of capacity and checks a good 

‘user experience’ we need to endorse a ‘small cell’ approach. Using smaller cells, closer to the users, with less 

contention, results in greater available capacity. Shorter distances between the femto cell and the user means RF 

power levels can be much lower, reducing interference and increased battery life in the mobile terminal. Instead 

of rolling out ‘large cell’ networks with the traditional approach of ‘build it and they will come’, a different 

strategy could be adopted whereby LTE Femto cells could be located in strategically targeted areas, providing 

coverage and capacity where it is needed most (hence where the revenue is greatest). The wide area coverage 

would be provided in the conventional manner by the 2G/3G network. This type of rollout strategy would allow 

networks to be deployed more efficiently and cost effectively whilst drastically reducing upfront costs and risks 

that are commonly associated with rolling out 3G macro networks. The diagram below shows this approach, 

with LTE being rolled out in ‘pockets’, with seamless handover to the macro 2G/3G networks (via the Evolved 

Packet Core (EPC)) 

 

2.Data Communication:  

 This Module is developed to Cellular networks data communication and aggregation process. The radio and 

IEEE 802.11 MAC layer models were used. The network based data processing or most expensive and data 

communication level on their performance on the network. Multiple sources create and end sending packets; 

each data has a steady size of 512 bytes. Each Sensor node to move randomly on their network, it’s more and 

most expectable on their networks. 

 

3.RRS Algorithm 

 Radius Reduction and Scheduling (RRS) is the distributed algorithm for network configuration, to improve 

the performance and fairness of the network. RRS resolve cell sizes using a OFDM based framework, then 

schedules users using a scheduling algorithm that includes vacancy requests to enhance fairness in ultra dense 

femto cell networks.  

 

4.Performance Analysis Result 

 This module is developed to enhance Wireless Sensor network performance, lessen the Average end to end 

delay. 

 

Uml diagram: 

 UML is acronym for Unified Modeling Language. It is a standard general-purpose modeling language in 

object-oriented software engineering. 

 The goal is for UML to become a common language for designing models of object oriented computer 

software. In its current form UML is consist of two major components: a Meta-model and a notation. 

 The Unified Modeling Language is a stereotype language for Visualization, specifying, Constructing and 

documenting the artifacts of software system, business modeling and other non-software systems. 

 The UML is a very predominant part of developing OO software and the process of software development. 

The UML uses always graphical notations to convey the design of software projects. 

 The Primary goals in the design of the UML are as follows: 

1. Give users a ready-to-use, expressive visual modeling Language so that they can develop and interchange 

meaningful models. 

2. Give extendibility and specialization mechanisms to enlarge the main concepts. 

3. Be individualistic of specific programming languages and development process. 

4. Give a formal basis for comprehend the modeling language. 

5. Uplift the growth of OO tools market. 

6. Support higher level development concepts such as frameworks, collaborations, arrangement and 

components. 

7. Articulate best practices. 
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Use case diagram: 

 

 
 

 

Activity diagram: 

 Activity diagrams are graphical representations of workflows of step by step activities and actions with 

support for choice, iteration and congruencies. In the Unified Modelling Language, activity diagrams can be 

used to explain the business and operational stepwise workflows of elements in a system. An activity diagram 

shows the overall flow of control. 

 

HetNet

UE

FBS Cluster

MBS
RRS(Radius 
Reduction 

Scheduling)

performance 
Analysis

Data 
communication

Energy 
Efficciency

Find path 
selection

Transmit 
Power

Backhaul 
Capacity

OFDM

Antenna Gain

 
 

Sequence diagram: 

 A sequence diagram in Unified Modelling Language (UML) is a kind of communication diagram that 

shows the processes of operation between each other and the sequence of the operation. It is a Message 

Sequence Chart. Sequence diagrams are also called as event diagrams, event scenarios, and timing diagrams. 

 

 
 

Architecture diagram: 
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Algorithm explanation: 

 Radius Reduction and Scheduling (RRS) is the distributed algorithm for network configuration, to enhance 

the performance and fairness of the network. RRS resolves cell sizes using a OFDM based framework, then 

schedules users using a scheduling algorithm that includes vacancy requests to increase fairness in dense femto 

cell networks.  

 The energy consumption of FBS assisted HetNets increases with FBS density. It also challenges the effort 

toward further densification. Hence, increasing EE is an important requirement for sustainability of these type of 

HetNets. We modelled an optimization problem to maximize the EE by finding the near optimal set of spreading 

factors while protecting UEs’ QoS requirement and SINR. 

 Threshold. Then, we proposed a heuristic that partitions the available FBSs into non-neighboring sets of 

FBSs at the centralized FGW. 

 

Sample output 

End to end delay: 

 End-to-end delay or one-way delay (OWD) is defined as the time taken for a packet to be transmitted from 

source to destination across a network  

dend= N[ dt+ dp+ dpr + dq] 

where 

dend = end-to-end delay 

dt = transmission delay  

dp = propagation delay 

 dpr = processing delay 

dq = queuing delay 

 

 
 

Energy efficiency: 

 Energy efficiency is using less energy to provide the same service energy efficiency = (energy output/ 

energy input )*100 

 

 
 

Packet delivery ratio: 

 PDR is defined as the ratio between the received packets in the destination and the generated packets in the 

source. Packet delivery ratio is calculated using awk script which processes the trace file and gives the result.  

 Packet delivery ratio = No of packets received / No of packets generated 
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Throughput ratio: 

 Throughput is defined as the number of messages successfully delivered per unit time. Throughput is 

controlled by the available bandwidth, available signal-to-noise ratio and limitations of hardware 

Transmission time = File Size / Bandwidth (sec) 

Throughput = File Size / Transmission Time (bps) 

 

 
 

Conclusion: 

 The energy consumption of FBS assisted HetNets increases with FBS density. It also challenges the effort 

toward further densification. Hence, enhancing EE is a primary requirement for sustainability of these type of 

HetNets. We modelled an optimization problem to increase the EE by finding the near optimal group of 

spreading factors while protecting UEs’ requirement of QoS and SINR threshold. Then, we proposed a heuristic 

that divides all the available FBSs into non-neighbouring groups of FBSs at the centralized FGW. Finally, it 

renews the FBS spreading factor independently without any input from its neighbouring FBSs while protecting 

SINR threshold and QoS requirement of its associated UEs. We analysed the performance of the proposed 

heuristic with open-access FBSs in outdoor scenario and closed-access FBSs in indoor scenario using total FBS 

network throughput, PRB utilization, energy consumption , and EE as performance metrics. The simulation 

results conclusively demonstrated the effectiveness of the proposed heuristic approach in improving the EE of 

HetNets. This study can be further expanded to use SP control in situations like, the presence of a few FBSs that 

will not spread their transmit power and a few edge UEs having lesser SINR that can be reduced any further to 

enhance transmit power spreading. Moreover, a pure diagnostic study can be carried out with respect to different 

system parameters like, EE, throughput, and PRB utilization. 
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