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Abstract: According to originating standards for LTE-A mobile networks, the small cells are expected to be deployed 

in future mobile and wireless networks to improve coverage in specific areas with low signal quality. By placing 

additional stations to the network, new cell boundaries are introduced. Since heavy deployment of the small cells with 

low radius is expected in LTE-A networks, the procedures for the user’s resource allocation becomes more frequently. 

Therefore, more often scanning of higher amount of entities in UE's neighborhood must be performed. Moreover, each 

resource allocation generates some management overhead and introduces interruption in user’s communication. All 

these aspects lead to a drop of user’s throughput and QoS. This is getting more apparent with dense deployment of 

small cells. Hence, large and efficient deployment of the small cells requires optimizing the principles of user’s service 

allocation support to ensure continuous high level of service quality. 
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I. INTRODUCTION 

 

The growth in the mobile subscriber will be further 

intensified by adaptation of broadband mobile access 

technologies in densely populated and developing 

countries such as India, etc. Mobile multimedia traffic is 

increasing more rapidly than voice and will increasingly 

traffic flow. The technology shift from circuit switched air 

interface design to full IP-based has provided user with the 

ability to more efficiently, more reliably, and more 

securely utilized multimedia services including file 

transfer, social network, video streaming, web browsing, 

cloud synchronization/ cloud web-based applications, 

navigation, online gaming, voice over IP (VoIP) and 

location based multicast and broadcast services. These 

services can be uplink/downlink and real time and non-

real time with different QoS requirements. The new 

application consume large bandwidths, cause of the 

requirements of higher data rate and throughputs.  
 

Improved quality and increasing capacity of the wireless 

network have become a priority for the standard 

development organization such as ITU, IMT and 3GPP. 

The 3rd Generation Partnership Project (3GPP) is a 

collaboration between seven groups of telecommunication 

associations (ARIB, ATIS, CCSA, ETSI, TSDSI, TTA,   

 

 

TTC), which are known as the Organizational Partner [1]. 

3GPP is an organization that working on the cellular 

network technology, i.e. radio access technique, core 

network, services capabilities, security and quality of 

services. They provide stable technical basis to transpose 

into their own specification. There are four technical 

specification groups in 3GPP which include RAN, Service 

and system aspect (SA), Core network and terminals (CT), 

and GSM EDGE radio access network (GERAN). Main 

motive of the organization is to provide a stable 

environment to its users with better Quality of service, 

security fast access and handover/interface between the 

previous technologies.   

 

3GPP initiated a project on the long term evolution (LTE) 

in 2004 to meet the requirements of the user on UMTS 

(Universal mobile telecommunication system) radio access 

network (RAN). They proposed E- UTRAN (Evolved 

UMTS terrestrial radio access network) improved end user 

throughput, system capacity, reduced user-plane and 

control plane latencies [2]. The main objectives of LTE 

were to minimize the system and user equipment 

complexities [3]. 

 
Table 1. Mobile Generations 

 

Generation Period Transmission Services Examples 

    1G 1980’s Analog  FM ,FDMA / FDD Voice AMPS 

    2G 1990’s Digital modulation 

TDMA/CDMA 

Voice, SMS GSM,IS-95, GPRS, 

EDGE 

    3G 2000+ Wideband modulation Internet,  email, Multi-media 

streaming, etc. 

WCDMA, 

HSDPA, HSUPA 

     4G 2005+ OFDMA Mobile  internet, mobile video etc LTE, WiMAX 
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LTE-Advanced 
Enhancement in LTE system by 3GPP is continuously in 

the form of releases, LTE-Advanced described in R-10 

and R-11 major evolution in the spectral efficiency and 

bandwidth (100Mhs bandwidth and 1Gbps peak 

throughputs). Some technologies (i.e.) carrier aggregation, 

coordinate multipoint scheduling, SU-MIMO/ MU-

MIMO, relay node, small cell enhanced inter-cell 

interference coordination and enhanced multimedia 

broadcast multicast services were introduced to achieved 

these targets [78].  

Available spectrum for mobile communication is limited 

and every growing mobile broadband traffic demands 

cannot be served by the existing LTE macro network only 

[52]. LTE small cell deployment is thus seen an essential 

mean to provide the high capacity for very densely 

populated outdoor and indoor areas. Network densification 

using small cell network has been an important evolution 

in future generation network [20]. 

 

Small Cell Overview 

The idea of small cell originated around 1984 [17] in 

which macro cell radius is divided into small radius or 

small parts called small cell. The reason behind small cell 

deployment is capacity and the improvement of user 

throughput.  Simultaneously the idea was introduced by 

mobile network operators facing the problems of signal 

quality and poor coverage regions in indoor areas. In 

1990’s pico cell was introduced [18] to fulfill the gap of 

capacity and coverage problem in overloaded macro cell.  

The needs of the small cell [33] 

1. Number of mobile user increase and base station 

increases. 

2. Base station move closer to user. 

3. Energy and resource cost rise. 

 

Small cells forum, was a collaborative operation of 

different organizations in 2007 [19], objective of 

developing open standards for product interoperability. 

Small Cell Forum [24] named small cells as “low-power 

wireless access points that operate in licensed spectrum, 

are operator-managed and feature edge-based intelligence. 

They provide improved cellular coverage, capacity and 

applications for homes and enterprises as well as 

metropolitan and rural public spaces [79]. Small cell 

include technologies variously described as femtocells, 

picocells, metro cells and microcells [broadly increase the 

size from femto cells (smallest) to micro cells (largest)].” 

The combination of these networks are called 

heterogonous network [33]. Cell range of the traditional 

cell is tens to hundred meters. Small cell deployment [26] 

in residential area to remove the coverage problem called 

femto-cells (small cell). Small cells are well suited to 

deployment in rural villages, remote industrial sites, on 

transportation, as well as temporary networks for public 

safety and special events [25].   

3GPP initiated a workshop [27] on further steps in the 

evolution of LTE toward the future. There were 42 

presentations from 3GPP member organizations, including 

network operators considering future requirements and 

candidate technologies. The key areas of enhancement that 

were identified included capacity increase to cope with the 

traffic explosion, energy savings, cost efficiency, support 

for diverse application and traffic types, higher user 

experience/data rate, and backhaul enhancement. As a 

potential technology to meet these requirements, a great 

majority of companies showed interest in enhanced small 

cells. Small cell have become a hot topic for research as 

evidenced by a significantly increases publication in this 

area, 3 in 2007 to 10 (2008), 51 (2009), 116 (2010), are 

registered in IEEE data based and continuing increased. 

However small cell is increased, there number of problems 

and challenged were also increased. Some major 

challenges are listed in below, and few of them will be 

described in literature to take a problem in this paper.  
 

 Cell selection 

 Mobility and interference issue 

 Advanced technology such as enhanced inter-cell-

interference coordination (eICIC) 

 Inter-site carrier aggression 

 Coordinate multipoint transmission (CoMP) 

 Enhanced interference management and traffic 

adaption (eIMTA) 

 Dual connectivity also depend on the architecture and 

the level of coordination between macro and small cell 

 Self organization and self optimization 

 Radio resource management and central control plane 

termination using dual connectivity  

 For dense and ultra-dense  small cell deployment with 

internet large traffic variations 

 On/off switching become more important for energy 

saving and interference reduction. 

 

II. SMALL CELL CHALLENGES AND RELATED 

LITERATURE REVIEW 

 

After a brief introduction about LTE/LTE-A and small 

cell, now we are going to discuss about challenges in small 

cell/Heterogeneous networks deployment. Small cell are 

deployed on the same or different frequency layer as the 

macro network, which will result in different challenges in 

term of [28][79]: 
 

Intercell Interference  

Intercell interference is the most significantly and widely-

discussed challenged in small cell deployment. That is 

arising between the small cell (femto, pico and 

heterogeneous network cell) and macro cells. We are 

going to discuss the most commonly used femto small 

cell. Femto cell is control by HeNB that was described by 

3GPP release 8/9/10 [25]. HeNB also called Femto Access 

Point (FAP). Major cause of interference between FAP 

and macro cell is, low power FAP is deployed in the cell 

range of macro cell. Two type interference described in 

literature [28][33][13], intercell (cross layer) and intra-cell 

(co layer). Intercell interference between the FAP and 

macro cell while intra cell interference is between two 
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femto access points. Cross-tier and intra-tier interference 

problems are significantly challenging due to backhaul, 

restricted access control and self organizing nature 

described by, David Lopez-Perez et al. [52].  To 

overcome the effect of interference, cancellation 

techniques have been proposed by S.P. Wiber et al. [40]. 

But this approach was discarded due to errors in the 

cancellation process. The simplest forms of inter-cell 

interference mitigation are Fractional frequency reuse 

(FFR) schemes because it is easy to implement in OFDA 

system such as LTE. Although these techniques do reduce 

the interference by partitioning the overall bandwidth 

among cells impairs the overall throughput. FFR used the 

static power allocation that is not applicable for dynamic 

nature of femto cells. In addition this, Poongup Lee et al. 

[41] proposed an interference management scheme in the 

LTE femtocell systems using Fractional Frequency Reuse 

(FFR), according to this approach frequency band is 

allocating Under the macro cell, the femtocell chooses 

sub-bands which are not used in the macro cell sub-area to 

avoid interference. This proposed scheme enhanced 

total/edge throughputs and reduces the outage probability 

in overall network, especially for the cell edge users. 

Enhanced frequency reuse schemes, such as Partial 

Frequency Reuse (PFR) proposed by Sternad M. et al. 

[42] and Soft Frequency Reuse (SFR) [43], have thus been 

introduced. The idea behind PFR is to partition the 

bandwidth so that only a limited amount of RBs can be 

used by all cells, while others are used with higher reuse 

factor. Cell-edge UEs can take advantage of lower 

interference in these sub-bands. Enhancement in PFR 

presented by Bujar Krasniqi et al. [44] a Flexible 

Bandwidth Allocation (FBA) scheme for Partial 

Frequency Reuse (PFR) depending on the network-load, 

which allocates bandwidth dynamically in the network. 

That presents general framework for intelligent frequency 

planning in wireless networks.  In the SFR scheme, a cell 

can allocate the entire sub frame, but different power 

levels are employed in cell-center and cell-edge RBs. 

Semi-static Inter-Cell Interference Coordination (ICIC) 

schemes were then proposed, based on the above 

frequency reuse schemes. Fang L. et al. [45] and Yiwei 

Yu et al. [46] authors proposed a novel load distribution 

aware soft frequency reuse (LDA-SFR) scheme for inter-

cell interference mitigation and performance optimization 

in next generation wireless networks. The proposed 

scheme consists of two novel algorithms: edge bandwidth 

reuse and centre bandwidth compensation. Using the edge 

bandwidth reuse algorithm, cell-edge users can take 

advantage of uneven traffic load and user distributions 

within each cell to expand their resource allocations. 

Studied by Ebrahim Baktash et al. [47] dynamic intra-

cell subcarrier reuse in cooperative OFDMA networks in 

which the users are allowed to share any subcarrier in the 

relay links provided that the resultant intra-cell 

interference is managed. Reham Almesaeed et al. [48] 

compared the downlink throughput macro-cell interference 

scenario with a frequency reuse scheme. Bit accurate link 

level simulations are performed for the downlink physical 

shared channel (PDSCH). In addition, A Ghosh et al. [49] 

and A. Damnjanovic et al. [50] discussed the advanced 

methods for intercell interference coordination (ICIC) 

specifically for femtocell network, it has been a major 

motivation for the 3GPP LTE-Advanced standardization 

effort. A new inter-cell interference coordination (ICIC) 

scheme based on adaptive sub-band avoidance on the 

inter-cell level is proposed by Han Xiao et al. [51] where 

for each cell a certain ratio of the subcarriers are avoided 

in the subcarriers group used for the center region. David 

Lopez-Perez et al. [52] Particular attention has been given 

to the avoidance of cross-tier interference due to its crucial 

role in proper operation of multi-tier networks. 

Furthermore, the main focused was on eICIC techniques. 

More advanced techniques for interference control 

including backhaul-based [77], and cooperative 

communication between multiple base stations are also 

being researched G. Boudreau et al. [53] and S. Rangan 

et al. [54]. These all we will be discuss in resource 

allocation challenged. 

 

Resource Allocation 

The minimum time –frequency resource unit used for 

downlink transmission is resource element, which is 

defined as one sub carrier over one OFDM symbol. For 

both TDD and FDD duplex scheme, a group of 12 sub- 

carrier continuous in frequency over one slot in time from 

a PRB (physical resource block) a two dimension  region 

corresponding to one slot in the  time-domain and 180 

KHZ (12*15 KHZ) in the frequency-domain. The 

transmissions are allocated in units of PRB. More 

specifically, the data or control signaling in each slot is 

transmitted via one or several resource elements of sub 

carrier over OFDM symbols. Small cell is most 

provisioning idea to improve the spectral efficiency, 

reduced cost and enhancement of the throughput. 

Resource allocation method is very important to improve 

such objectives. A lot recently research have been done in 

this area Parag KulKarni et al. [54] described two 

possible deployment path for operator, one approach is to 

set aside a chunk of the spectrum for deploying femto cells 

and use the remaining for the macro network. This is well 

known as the dedicated channel deployment approach. 

The second approached deploy femtocells on the same 

spectrum as existing macro cells. This is well known as 

co-channel deployment approach. Abbas Hatoum et al. 

[55] related works is the computation of efficient 

allocation of time-frequency resource blocks, while 

accounting for cross layer interference (interference 

between macro cell and femtocells) and co-layer 

interference (interference between femtocells). Yu-jung 

chang et al. [56] proposed graph theory to managed the 

inter cell interference coordination in multi-cell OFDMA 

downlink resource allocation. In the collaborative resource 

allocation scheme K Lee et al. [57], cross-tier interference 

is approximated as additive white Gaussian noise 

(AWGN) for self healing and self optimization network. In 

the Lagrangian dual decomposition-based resource 

allocation scheme J Zhang et al. [58], constraints on 
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cross-tier interference are used in power allocation, but 

channels are assigned randomly to femto users. Authors 

K. Sundaresan et al. [59] proposed a location-based 

resource management scheme to achieve efficient resource 

allocation and spatial reuse. In contrast V. 

Chandrasekhar et al. [60] proposed a decentralized 

resource allocation scheme that guarantees users a 

prescribed quality of service.   A. Valcarce et al. [61] 

Enhanced and proposed a hybrid limited access method 

that reduces cross-layer interference while guaranteeing 

subscribers a minimum performance. N. Arulselvan et al. 

[62], S. G. Quan et al. [63] and G. He et al. [64] 

described some works applying game theory and selfish 

characteristics in femtocell networks were focused on 

signal-to-interference-ratio-based power control resource 

allocation.   

Besides, 3GPP introduced the advancement in the form of 

LTE-Advance, which is backward capability with LTE 

and its previous technology. In LTE-A major focused to 

achieve higher data rate and maximum throughput using 

the different technique such as carrier aggression, 

enhanced intercell interference coordination and 

coordinate multipoint. These technologies create the road 

map for 5G network and increase the demands of 

heterogeneous networks. These techniques used as the 

resource allocation in networks. As we earlier discuss 

about resources or physical resource block. Here first we 

present some basic information about that new 

advancement in LTE network and after that literature 

about this. 

 

Carrier Aggression  
Introduced by 3GPP in release 8/9 [21], to increase the 

bandwidth of network using carrier aggression in FDD and 

TDD frame called carrier component. Each component 

can have a bandwidth of 1.4, 3, 5, 10, 15 or 20 MHz. 

Maximum five components can be aggregated at a time, if 

20 MHz component aggregate one time the maximum 

bandwidth will be 100 MHz. carrier aggression in either 

both DL/UL side or DL side, but not in only UL side, and 

DL carrier always be greater than UL carrier component 

[32]. Each UE has a single serving cell that provides all 

necessary control information and function. The serving 

cell is known as the primary cell and other component 

carrier that help the primary carrier component is called 

the secondary cell [7]. Carrier aggression component 

classified into three categories according to their resource 

allocation techniques [30]: 
 

Intra-band contiguous carrier aggression: It is the simplest 

form of carrier aggression this type of carrier aggression 

uses a single frequency band. 
 

Intra-band non-contiguous carrier aggression: In this 

carrier aggression technique aggregated carrier are not 

adjacent and the multi-carrier cannot treated as a single. 

The entire carriers are in single frequency band. 
 

Inter-band non-contiguous carrier aggression: In this 

approach all carrier are in different carrier frequency band.   

Enhanced Intercell Interference Coordinates (eICIC) 
In this resource allocation method, resource is allocated to 

improve the interference between the microcell user and 

small cell user [76]. Two major techniques are used for 

this:  

 Almost Blank Sub frames and  

 Reduced power almost blank symbol.  

 

One more technique used [31] Further enhancement in 

intercell interference coordination for transmitter and 

receiver based called FeICIC. 

 

Coordination Multipoint (CoMP) 
CoMP (Coordinated Multi-Point Transmission/reception) 

was introduced in Rel.11, where geographically separated 

nodes interwork together in transmitting/receiving signals. 

Three kinds of schemes are defined in downlink [80]:  

 

Joint transmission (JT), In JT, the data toward a single 

user are simultaneously transmitted from multiple nodes 

using the same radio resource, which can avoid co-channel 

interference and increase diversity effect especially for cell 

edge users.  

 

Dynamic point selection (DPS), in this approach data from 

network are transferred also to neighboring cells like JT, 

but only one cell is selected for transmission according to 

the channel status. By muting on the same radio resource 

at the neighboring cells (dynamic point blanking: DPB), it 

can also mitigate the co-channel interference.  

Coordinated scheduling (CS), In CS, data from network 

are transferred to only one node, so independent data are 

stored in different nodes. If coordinated beam forming 

(CB) is applied for each node, different data are 

transmitted simultaneously on the same radio resource 

without interference. [29]. A short literature is described in 

below about in these LTE-A technologies. 

 

S. Xu et al. [77] proposed an enhanced ICIC mechanism 

to suppress such interference by blanking two OFDM 

symbols. Furthermore, for Release 10 victim users, a novel 

repetitively designing PDCCH scheme proposed such that 

the interference can be avoided effectively. M. A. L. 

Sarker et al. [73] describe the performance of CoMP and 

estimates an achievable angular channel model for LTE-A 

using minimum mean square error (MMSE) receiver 

which efficiently improves the bit-error-rate (BER) and 

cell-edge throughput per user. A. Davydov et al. [74] 

investigate the Joint Transmission (JT) CoMP 

performance in a C-RAN implementation of LTE-A 

HetNet with large CoMP cluster sizes. Q. Wang et al. 

[75] analysis the time division duplex (TDD) LTE-A, (i.e.) 

TD-LTE-A, the channel reciprocity property could be 

exploited for downlink channel state information (CSI) 

estimation through the uplink signal, which makes the 

channel pre-coding more precise compared to the limited 

codebook feedback. Y. Wang et al. [76] distributed CoMP 

method for CRE with ABS is proposed in heterogeneous 

Networks. 
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III. CONCLUSION 

 

After study it has been concluded that demand of data 

traffic is increased broadly. Hence the spectrum required 

for each demand is necessary and challenging part for 

densification of the network. Macro cell is not satisfying 

the requirement of indoor area. So small cell play the 

major role to developing the road map of the future 

generation or 5G and improved the spectrum and coverage 

problem in indoor and densification network. However, 

resource allocation takes an important part for 

deployments the small cell or Het-Net in the macro cell 

regions. Our main purpose of study to identify the 

different resource allocation method that is responsible for 

improved the cell capacity, over all throughputs, reliability 

of the LTE-A network and create a roadmap for 5G 

technology.  
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