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Abstract 

High demands for broadband mobile wireless communications and the emergence of new wireless multimedia 
applications constitute the motivation to the development of broadband wireless access technologies in recent years. 
The Long Term Evolution/System Architecture Evolution (LTE/SAE) system has been specified by the Third 
Generation Partnership Project (3GPP) on the way towards fourth-generation (4G) mobile to ensure 3GPP keeping the 
dominance of the cellular communication technologies. Through the design and optimization of new radio access 
techniques and a further evolution of the LTE-A systems.  Cell selection is the process of determining the cell(s) that 
provide service to each mobile station. In particular, we study the new possibility available in OFDMA & SC-FDMA 
based systems, such as IEEE 802.16m and LTE-Advanced, of satisfying the minimal demand of a mobile station 
simultaneously by more than one base station. We formalize the problem as an optimization problem and we presents 
how the mobile unit establishes this connection with the strongest cell station in vicinity. To do this, the mobile unit has 
to overcome the challenges of estimating the channel to communicate with the cell site and frequency synchronization. 
Also, multiple mobile units communicate to the same receiver and from various distances. Hence, it is up to the mobile 
to synchronize itself appropriately to the base stations. LTE-A uses two signals, the Primary Synchronization Signal 
and the Secondary Synchronization Signal sequentially to determine which of the available cell sites a mobile would 
lock in to. While inter-cell interference (ICI)  one of problems for the downlink and uplink of multi-cell systems (in 
general) and OFDMA& SC-FDMA networks (in particular).  
 

Keywords: LTE, LTE-A,  OFDMA, SC-FDMA, cell searching , cell selection, inter-cell-interference.  

1.0 Introduction 

1.1 Introduction to LTE systems 
Long Term Evolution (LTE) is the result of the standardization work done by the 3GPP to achieve a new 
high speed radio access in the mobile communications frame. 3GPP is a collaboration of groups of telecom 
associations working on Global System for Mobile Communication (GSM) [1]. 3GPP published and 
introduced the various standards for IP based system in Release 8, which is termed Long Term Evolution 
and abbreviated as LTE. Initially, LTE was introduced in the Release 8 in 2008. In 2010, the Release 9 was 
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introduced to provide enhancements to LTE and in 2011, its Release 10 was brought as LTE-Advanced, to 
expand the limits and features of Release 8 and to meet the requirements of the International Mobile 
Telecommunications-Advanced (IMT-Advanced) of ITU-R for the fourth generation (4G) of mobile 
technologies, and the future operator and end user’s requirements. The key reason of the evident of the 
LTE-A is the growing demand for network services, such as VoIP, web browsing, video telephony, and 
video streaming, with constraints on delays and bandwidth requirements, poses new challenges in the 
design of the future generation cellular networks [2]. Recently in 2011, LTE is further developed through 
Release 10 to satisfy ITU’s IMT-Advanced requirements for 4G cellular systems. LTE radio transmission 
and reception specifications are documented in TS 36.101 for the user equipment (UE) and TS 36.104 for 
the eNB (Evolved Node B). As per these specifications, LTE is theoretically capable of supporting up to 
1Giga Bits per second (1Gbps) for fixed user and up to 100 Mega Bits per second (100 Mbps) for high 
speed user. This is considerably high speed. For this reason, both research and industrial communities are 
making a considerable effort on the study of LTE systems, proposing new and innovative solutions in order 
to analyze and improve their performance.  

 

In principle, LTE access network based on Orthogonal Frequency Division Multiple Access (OFDMA) in 
downlink and Single Carrier Frequency Division Multiple Access (SC-FDMA) for uplink. The LTE radio 
access network architecture is shown in Figure (1), LTE encompasses the evolution of the radio access 
through the Evolved Universal Terrestrial Radio Access Network (EUTRAN). LTE is accompanied by an 
evolution of the non-radio aspects under the name ‘System Architecture Evolution’ (SAE) which includes 
the ‘Evolved Packet Core’ (EPC) network. Together LTE & SAE comprise the Evolved Packet System 
(EPS), as can be seen in Figure 1. 

 

 
                                             Figure 1: LTE radio access network architecture [2]. 

The technologies used to implement all the components of LTE are: 

 
• Orthogonal Frequency Division Modulation (OFDM): OFDM technology has been taken as bases in 

LTE because it enables high data bandwidths to be transmitted efficiently while still providing a high 
degree of resilience to reflections and interference. The access schemes differ between the uplink and 
downlink, OFDMA is used in the downlink; whereas, SC-FDMA is used in the uplink, as shown in                  
Figure 2.  

 
                                                 Figure 2: OFDMA and SC-FDMA in LTE [3]. 
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• Multiple Input Multiple Output (MIMO): One of the main problems that previous 
telecommunications systems have encountered is that of multiple signals arising from the many 
reflections that they encountered. By using MIMO system , these additional signal paths can be used to 
advantage and to increase the throughput. When using MIMO, it is necessary to use multiple antennas 
to enable the different paths to be distinguished. Accordingly schemes using 2 x 2, 4 x 2, or 4 x 4 
antenna matrices can be used. While it is relatively easy to add further antennas to a base station, the 
same is not true of mobile handsets; where, the dimensions of the user equipment limit the number of 
antennas can be placed at least half a wavelength apart[3].  

• System Architecture Evolution (SAE):   With the very high data rate and low latency requirements for 
3G LTE, it is necessary to evolve the system architecture to enable the improved performance to be 
achieved. The new SAE network (Figure 3) is based upon the GSM/WCDMA core networks to enable 
simplified operations and easy deployment, as shown in Figure 3. Despite this, the SAE network brings 
in some major changes, and allows far more efficient and effective transfer of data. 

 

 
                                                 Figure 3: LTE /SAE architecture [2]. 
 
1.2  LTE Evolution 
Although there are major step changes between LTE and its 3G predecessors, it is nevertheless looked upon 
as evolution of the UMTS/3GPP 3G standards as shown in the Table 1. Although LTE uses a different form 
of radio interface using OFDMA and SC-FDMA instead of CDMA; yet there are many similarities with the 
earlier forms of 3G architecture and there is scope for much reuse. LTE can, therefore, be seen to provide a 
further evolution of functionality, increased speeds and general improved performance. 
 

                                 Table 1: Comparison of parameters of UMTS, HSPA, HSPA+ and LTE 
 WCDMA 

(UMTS) 
HSPA 
HSDPA/ 
HSUPA 

HSPA+ LTE 

Max downlink speed  384Kbps 14Mbps 28Mbps 100Mbps 
Max uplink speed  128Kbps 5.7Mbps 11Mbps 50Mbps 
Latency round trip time 150ms 100ms 50ms (max) ~10ms 
3GPP releases Rel 99/4 Rel 5/6 Rel 7 Rel 8/10 
Approx years of initial 
roll out  

2003/04 2005/06 (HSDPA) 
2007/08 (HSUPA) 

2008/09 2009/10 

Access technology CDMA CDMA CDMA OFDMA/ 
SC-FDMA 

 
 
1.3  Introduction of LTE-Advanced  
LTE-Advanced (LTE-A) extends the features of LTE in order to exceed or at least meet the IMT-Advanced 
requirements. It should be a real broadband wireless network that behaves as an advanced fixed network 
like FTTH (Fiber-To-The-Home) but with better quality of service. The key goals of LTE-Advanced are:  
• Support of asymmetrical bandwidths and larger bandwidth (maximum of 100MHz)  
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• Enhanced multi-antenna transmission techniques: LTE introduced MIMO in the data transmission. 
However in LTE-Advanced, the MIMO scheme has to be extended to gain spectrum efficiency (which 
is proportional to the number of antennas used), cell edge performance and average data rates. LTE-
Advanced considers a configuration 8x8 in the downlink and 4x4 in the uplink. There are some of the 
characteristics of this type of networks are [3]:  
� Self-organizing networks. 
� Intelligent Node Association.  
� Support for relays.  
� Adaptive Resource Allocation.  
� Multicarrier (spectrum aggregation).  
� Coordinated Beamforming.  

LTE-Advanced is intended to support further evolution of LTE and to establish EUTRAN as an IMT-
Advanced technology. LTE-A also known as LTE release 10 is set to provide higher bitrates in a cost 
efficient way and at the same time also focus on higher capacity, i.e.: 
• Increased peak data rate DL 3Gbps, UL 1.5Gbps. 
• Increased number of simultaneously active subscribers. 
• Improved performance and higher spectral efficiency. 
• Worldwide functionality and roaming. 
• Compatibility of services. 
• Inter working with other radio access systems. 

 
1.4 Difference between LTE and LTE-Advanced  
The key differences between LTE and LTE Advanced are mentioned in Table 2 below.  

 

                           Table 2: Difference between specifications of LTE and LTE-Advanced. 
Specification LTE LTE-A 

Peak Data Rate Down Link 150 Mbps 1 Gbps 

Peak Data Rate Up Link 75 Mbps 500Mbps 
Transmission Band  (DL) 20MHz 100MHz 
Transmission Band (UL) 20MHz 40MHz  

Scalable Bandwidths 1.3,3,5,10, and 20 MHz Up to 20-100MHz 

Capacity 200 active users/cell in 5MHz 3 times higher than LTE 

 

1.5 Key challenges in implementing LTE and LTE-Advanced 
The main design factors that should be taken into account before defining an allocation policy for LTE are :  
1.5.1 ) Complexity and scalability.  
1.5.2) Spectral efficiency.  
1.5.3) Fairness.  
1.5.4) QoS Provisioning. 
1.5.5) Uplink limitations.  
1.5.6) Control overhead. 
1.5.7) Multi-user diversity gain.  
1.5.8) Energy consumption. 
1.5.9) Persistent and semi-persistent scheduling.  
 

1.6 Cell Selection 
The ability to provide services in a cost-effective manner is one of the most important building blocks of 
competitive modern cellular systems. Usually, an operator would like to have a maximal utilization of the 
installed  equipment, that is, to maximize the number of satisfied customers at any given point in time. This 
paper addresses one of the basic problems in this domain, the cell selection mechanism. This mechanism 
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determines the base station (or base stations) that provides the service to a mobile station—a process that is 
performed when a mobile station joins the network (called cell selection), or when a mobile station is on 
the move in idle mode (called cell reselection, or cell change, in HSPA) [4]. In most current cellular 
systems the cell selection process is done by a local procedure initialized by a mobile device according to 
the best detected SNR. In this process, the mobile device measures the SNR to several base stations that are 
within radio range, maintains a “priority queue” of those that are best detected (called an active set), and 
sends an official service subscription request to base stations by their order in that queue. The mobile 
station is connected to the first base station that positively confirmed its request. Reasons for rejecting 
service requests may be handovers or drop-calls areas, where the capacity of the base station is nearly 
exhausted[11]. As shown in Figure 4. 

 

There are different types of cells: 
� Microcells : a cell in a mobile phone network served by a low power cellular base station  (tower), 

covering a limited area such as a mall, a hotel, or a transportation hub. The ranges of Microcells its up 
to 35 kilometers (22 mile). 

�  Macrocells : a cell in a mobile phone network that provides radio coverage served by a high 
power cellular base station (tower).  

� Femtocells : is a small, low-power cellular base station , typically designed for use in a home or small 
business. A broader term which is more widespread in the industry is small cell. 

�  Picocells : is a small cellular base station typically covering a small area, such as in-building (offices, 
shopping malls, train stations, stock exchanges, etc.).A picocell rang is 200 meters or less. 

� Satellite (world wide coverage) : also  called (Megacells) cover nationwide areas with hundred of 
kms and mainly used with satellite. 
 

 
 
                 Figure 4: Simulation scenario for LTE cell search and Synchronization [10]. 

2.0 Processing the cell searching and connection and synchronization with cell 

For cell selection UE can use one of the following search procedures that is Initial Cell Selection procedure 
or Stored Information Cell Selection procedure[10] :                                                       

2.1) Initial Cell Selection : This procedure requires no prior knowledge of which RF channels are required 

in EUTRA carrier. The UE scans all RF channels in the EUTRA bands according to its capabilities to find 
a suitable cell. On each carrier, the UE need only search for the strongest cell. Once a suitable cell is found, 
it is selected. The UE tries to find a cell (not necessarily the best cell, but a usable cell) and camp on it. 
Once the UE is successfully camped on the cell, UE can get the neighbor list from the system information 
and tries to camp on the best cell. As shown in Figure 5. 
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                                    Figure 5: Initial Access Process. Reproduced from source [10] 

For a given frequency, the UE follows the four steps for initial cell selection as given below: 
a. Search for primary synchronization channel (P-SCH): chip and slot synchronization is done. 
b. Frame synchronization via secondary synchronization channel (S-SCH). 
c. Find the primary scrambling code from the common pilot channel (CPICH). 
d. Tune to Primary common control physical channel (P-CCPCH) and decode the system information; 
check whether it is a suitable cell for camping (PLMN code is broadcast) [10]. 
 

2.2)  Stored Information Cell Selection 

This procedure requires stored information of carrier frequencies and optionally also information on cell 
parameters, e.g. scrambling codes, from previously received measurement control information elements. 
Once the UE has found a suitable cell the UE shall select it. If no suitable cell is found the Initial cell 
selection procedure shall be started. Frequency and scrambling code may be saved on the phone. The UE 
may try to synchronize to cell after switching on and on fail starts initial cell selection as above[14]. 

3.0 Inter-cell-interference    
The major issue in LTE network is Interference. Interference consists of data transmitted in either the 
similar transmit mode as the valuable data from the serving eNodeB, or using a different transmit mode. 
Intra cell- interference, Self-noise interference, Inter cell-interference and Crossed timeslot interference are 
the four categories of the Interferences. For the receiver design, interference mitigation is required in LTE 
systems [15], as shown in Figure 6. 

 
                                   Figure 6: Method of  Interference-Coordination  in LTE-A Networks [14].   

3.1  Scenarios of severe Inter-Cell Interference 

Recently, the topic of multi-layer heterogeneous networks1 (HetNet) has been discussed extensively for 
application in LTE and LTE-Advanced, cf. e.g. [4] for a review. The idea is to build up the network of not 
only a single type of eNodeB (homogeneous network), but to deploy eNodeBs with different capabilities, 
most importantly different Tx-power classes. These eNodeBs are commonly referred to as macro eNodeBs 
(MeNB), pico eNodeBs (PeNB) and femto/home eNodeBs (HeNB) and meant for basic outdoor, outdoor 
hot-zone and indoor/enterprise coverage, respectively. The concept of HetNets supported by SON 
procedures offers great opportunities to enable large scale, low cost deployment of small base stations 
below roof top to boost user experience at hotspots or to improve network coverage. The traffic offloading 
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effect (or cell-splitting gain) can be leveraged by cell range expansion for PeNBs that lets a larger number 
of users connect to the small cells. On the other hand, HetNets is introducing new challenges regarding 
inter-cell interference coordination and load balancing as well as user mobility in idle and active mode. 
Heterogeneous network layouts introduce basically two predominant inter-cell interference scenarios. One 
is the macro-pico scenario with cell range expansion (CRE) depicted in Figure (7-a ) the other is the macro-
femto scenario with closed subscriber groups (CSG) depicted in Figure (7-b ). For more details on these cf. 
[15]. The two interference scenarios are dual in many ways, i.e. severe interference situations occurring for 
UEs served by the PeNB and the possible remedies in the macro-pico scenario are very similar to those that 
can occur for UEs served by the MeNB in the macro-femto scenario. It will therefore in the following 
concentrate on the more important macro-pico scenario and merely point out that the procedures to 
alleviate the interference there can often be applied in a dual manner in the macro-femto scenario. As 
shown in Figure 7. 

                                                         

(a)  Macro-pico scenario.                                                (b)   Macro-Femto scenario                                           

                                                  Figure 7: Macro scenario[16].  

4.0  Key literature survey  

D. Amzallag et. al. [4] in 2013 mentioned that cell selection is the process of determining the cell(s) that 
provide service to each mobile station. Authors presented a discussion on the potential benefit of global cell 
selection versus the current local mobile SNR-based decision protocol. In particular, authors study the new 
possibility available in OFDMA-based systems, such as IEEE 802.16m and LTE-Advanced, of satisfying 
the minimal demand of a mobile station simultaneously by more than one base station. Authors formalized 
the problem as an optimization problem, and showed that in general case this problem is not only NP-hard 
but also cannot be approximated within any reasonable factor. Authors presented two different algorithms 
for cell selection. The first algorithm proposes a solution in which a mobile station can be covered 
simultaneously by more than one base station. The second algorithm produces an approximate solution to 
the situation 

Z. Chen et. al. [5] in 2013 mentioned that carrier aggregation is introduced in LTE advanced to support a 
wider bandwidth up to 100 MHz. The basic aggregated unit is called component carrier (CC). CCs are 
shared among different devices. Therefore it may cause performance degradation due to severe 
interference. Authors proposed a CC selection algorithm called interference management based component 
carrier scheduling (IMCC) to tackle the problem in heterogeneous networking environments of Femto 
Access Points (FAPs) and Macrocell base stations.  

A. Mohamed, et. al. [6] in 2013 mentioned that femtocells have been considered one of the most important 
technologies in LTE networks to solve indoor coverage problem. In this research, a cell selection algorithm 
is proposed that enables new user to select best serving cell whereas several factors are put into 
consideration other than highest instantaneous SNR or maximum RSRP such as cell load. A prediction 
algorithm is designed to predict the performance of (PF) scheduling algorithm to calculate expected 
number of RBs to be scheduled to new user, then reduction in achievable data rate due to both received 
SNR and instant cell load is estimated.  

Supratim et al. [7] in 2013 mentioned that the success of LTE Heterogeneous Networks (Het-Nets) with 
macro cells and pico-cells critically depends on efficient spectrum sharing between high-power macros and 
low power picos. Authors mentioned that the two important challenges in this context are: (i) determining 
the amount of radio resources that macro cells should offer to pico-cells, and (ii) determining the 
association rules that decide which UEs should associate with picos. In this research, authors developed an 
algorithm to solve these two coupled problems in a joint manner. Author’s algorithm accounted for 
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network topology, traffic load, and macro-pico interference map. Authors also presented results for 
evaluations using RF plan from a real network and discuss SON based eICIC implementation. 

Li Huang et. al. [8] in 2013 mentioned that femtocells have emerged as a promising solution to provide 
wireless broadband access coverage in cellular dead zones and indoor environments. To address this 
problem, cognitive radio technology has been integrated with femtocells, in this research. CR-enabled 
femtocells can actively sense their environment and exploit the network side information obtained from 
sensing to adaptively mitigate interference. Authors investigated three CR-enabled interference mitigation 
techniques, including opportunistic interference avoidance, interference cancellation, and interference 
alignment. In this research, authors presented a joint opportunistic interference avoidance scheme with 
Gale-Shapley spectrum sharing (GSOIA) based on the interweave paradigm to mitigate both tier 
interferences in macro/femto heterogeneous networks.  

Kemal et. al. [9] in 2013 mentioned that heterogeneous cellular networks provide significant improvements 
in terms of increased data rates and cell coverage, and offer reduced user rate starvation. In this study, 
authors identified that the cell selection criterion is an important factor determining the user rates especially 
in the uplink transmissions and apply cell breathing to determine the user and base station assignments. 
Authors observed that their interference-based cell selection algorithm provide better load balancing among 
the base stations in the system to improve the uplink user rates.  

Jong et. al. [10] in 2013 proposed an intelligent cell selection scheme for inter-system handovers in 
heterogeneous networks that satisfies user requirements as well as system requirements. Their scheme uses 
uncertain parameters such as user system preference, communication cost, mobile speed, transmission 
delay, packet loss, and cell loads in the decision process utilizing the aggregation functions in fuzzy set 
theory. Contrary to many existing schemes which consider only either system parameters or user 
requirements, their scheme considers both. This scheme hierarchically analyzes the relative value of cell 
selection parameters based on the current state of heterogeneous networks. 

Anna et. al. [11] in 2013 proposed a novel optimization model for resource assignment in heterogeneous 
wireless network. The model adopts two objective functions maximizing the number of served users and 
the minimum granted utility at once. A distinctive feature of author’s model is to consider two consecutive 
time slots, in order to include handover as an additional decision dimension. Furthermore, the solution 
algorithm that author’s proposed refines a heuristic solution approach recently proposed in literature, by 
considering a real joint optimization of the considered resources. Author’s simulation study shows that the 
new model leads to a significant reduction in handover frequency, when compared to a traditional scheme 
based on maximum SNR.  

A. Hassen et. al. [12] in 2012 studied the effect of synchronization problem in cognitive radio based 
overlay systems. In such systems, the secondary transmitter should know the transmission timing of the 
primary transmitter for cooperation to take place between the two systems. Authors investigated the effect 
of relaying in overlay systems. By splitting the secondary transmission power into two parts by a ratio, the 
secondary transmitter can relay the primary transmission while transmitting its own message. Authors 
observed that the performance of the equalizer at the secondary receiver deteriorates for high delays and 
low values. 

H. Shun et. al. [13] in 2012 mentioned a neighbor cell search algorithm for LTE/LTE-A systems in this 
research. To improve the interference problem in channel estimation for coherent SSS detection in the 
conventional neighbor cell search approaches, authors proposed a non-coherent scheme that takes 
advantage of the similarity of channel responses at adjacent subcarriers.  The proposed neighbor cell search 
procedure not only includes both PSS and SSS detection, but also can combat different carrier frequency 
offsets that the home cell signal and the neighbor cell signal may suffer. The removal of the home cell 
synchronization signals in author’s algorithm converts the neighbor cell PSS and SSS into new sequences 
for recognition, respectively.  

Peral et. al. [14] in 2012 mentioned a joint channel and time delay estimator to exploit the flexibility 
advantages provided by the multicarrier waveform adopted in the LTE standard, i.e. the Orthogonal 
Frequency Division Multiplexing (OFDM) modulation. This estimator is based on the maximum likelihood 
(ML) estimation, which can be easily implemented in the frequency domain with the least squares (LS) 
criterion. Using the LTE positioning reference signal (PRS) signal for the lowest bandwidth (i.e. 1.08 
MHz), Their results show that their proposed joint ML estimator is unbiased and attains the Cramer-Rao 



IJRIT International Journal of Research in Information Technology, Volume 2, Issue 2, February 2014,Pg: 135-144 

Murtadha Ali Nsaif Shukur, IJRIT  143 

 

Bound (CRB) for joint estimation in a static scenario, in contrast to the biased-behaviour of traditional 
correlation-based techniques (e.g. matched filter).  

Steven et. al. [15] in 2012 discussed the problem of associating users in heterogeneous network to either a 
macro node or a pico node within a tightly coordinated cell cluster. Authors introduced a theoretical 
framework to model this problem for the downlink and derived upper bounds for achievable sum rate and 
minimum rate using convex optimization. Authors proposed a heuristics based approach, consisting in 
dynamic cell association, enabling to achieve performance close to the upper bounds. Authors implemented 
these heuristics in an LTE simulator and showed the potential of such dynamic cell association for a small 
LTE network. 

C. Bouras et. al. [16] in 2012 mentioned that LTE has developed a new technology in order to enhance 
indoor coverage. However, interference problem between the femtocell and the macrocell decreases the 
system’s capacity and as a result user’s throughput. In this research, author’s studied the interference 
mitigation techniques in femtocell/macrocell networks and authors proposed a frequency reuse mechanism 
that leads to increased overall system performance.  

J. Guillet et. al. [17] 2011 mentioned that the inter-cell interference is a major issue in current wireless 
cellular systems; in particularly, the development of femto-cells. Authors proposed a blind inter-cell 
interference coordination approach, in which each femto base station configures its transmission power 
autonomously. This power setting aims at maintaining a constant macro-cell performance impact of the 
femto base station, whatever its location in the macro-cell, i.e., it equalizes the macro-degradation. In a 
3GPP-LTE context, this approach exhibited a better femto-macro performance trade-off compared to fixed 
femto base station transmission power. 

 

5.0 Conclusion   
In this paper we present the article which has been  proposed cell search and selection for 4G LTE-A 
system. The proposed includes synchronization and cell identification, which are based on SCH and cell-
specific pilot symbols, respectively. Frequency synchronization performance can be improved through 
oversampling SCH at the receiver. Cell identification is obtained by combining the optimum ratio with the 
frequency domain differential cross-correlations. In this work, we presents how the mobile unit establishes 
this connection with the strongest cell station in vicinity. To do this, the mobile unit has to overcome the 
challenges of estimating the channel to communicate with the cell site and frequency synchronization. 
Also, multiple mobile units communicate to the same receiver and from various distances. Hence, it is up to 
the mobile to synchronize itself appropriately to the base stations. 
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