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Abstract 
Deployment of low power base station (pico) in macro cell is a key for providing high data rates. Cell range expansion is one of 

the features of LTE-advanced where low power base station in a heterogeneous network can increase their coverage area and 

neighboring cells can offload users to low power base station to reduce overload in macro cell. This presents a very challenging 

multi-user communication problem. Co-channel deployed Het-Net will experience interference between pico and macro. The main 

challenge of pico cells embedded into a macro cell is to let more users profit from the additional bandwidth introduced into the 

network. Enhanced Inter-cell Interference Coordination (eICIC) has been introduced to solve interference problem. Scheduling 

for eICIC is used to provide best solution for interference mitigation, overload in macro cell, fairness in resource usage by users. 

In this paper we have analyzed Round Robin scheduling for eICIC, results prove that fairness is maintained between users and 

throughput has been improved. 
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1. INTRODUCTION 

A heterogeneous network (HetNet) is a deployment of the 

conventional macro cell systems with small base station 

cells, pico. In heterogeneous networks, in addition to well-

coordinated high power macrocells, low-power cells such as 

pico, femto, and relays are underlaid in a macrocell area[12]. 

This approach consists of complementing the Macro layer 

with LPN (low power nodes) Pico base stations. This 

approach has been considered a way to improve the capacity 

and data rate in the areas covered by these low power nodes; 

they are mostly distributed in an unplanned manner 

depending on the areas that generate higher traffic[3]. 

Heterogeneous networks and specifically on the Pico base 

stations deployments that will be referred to as Pico-eNB. 

For small base stations with open access, those techniques 

offer the opportunity of relaxing the traffic demand at the 

macro-layer by offloading some of the macro user 

equipments (UEs) to the pico-layer. However, transmit 

power difference between macro and low power nodes is 

large enough to the users connected to the pico cell suffering 

from severe interference by a macro cell, which is one of 

major problems in  LTE-heterogeneous network. 

 

2. PICO CELL RANGE EXPANSION 

In order to further increase the number of users offloaded 

from the macro cell, a technique of range extension is used 

to extend the Low Power Node coverage area and push more 

users to connect to the small cell [2]. A pico base station is 

regular eNB with lower transmit power compared to macro 

base stations and generally placed ad-hoc in the network. 

 

 
Fig-1: Heterogeneous network using Pico-eNBs 

 

The deployment of these networks can cause large areas 

with low signal to interference values, resulting in a 

challenge to improve the performance of cell-edge users[4]. 

The huge difference between the transmit power levels of 

macro and small (e.g. pico) cells (around 15 - 20 dBm) 

implies a much smaller downlink coverage of a pico cell 

compared to that of the macro cell. Cell selection in LTE is 

based on terminal measurements of the received power of 

the downlink signal or more specifically the cell specific 

reference (CRS) downlink signaling. Due to the low signal 

strength least number of user moves to the pico cell and the 

increased number of users are present in the macro cell.  
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Fig-2:Range extension interference 

 

2.1 Interference associated with Range Extension 

In the increasing traffic demands of wireless data service the 

resources to cell border of pico cell provide unfairness in 

resource to mobile users which leads to the unfairness in 

load between the macro and the pico[6]. A high value of RE 

is desirable to get the most of the pico eNB. Addition and 

co-existence of cells with different size and scale introduce 

several interference that which is not managed appropriately, 

can degrade the  the overall user throughput and coverage. 

Due to the difference in transmission powers of the Macro-

eNBs and the Pico-eNBs, in the range extension area, Pico-

eNB is selected by the terminal while the downlink power 

received by that terminal from the Macro-eNB is much 

higher than the power it receives from the Pico-eNB, this 

makes the users in the range extension area more prone to 

interference from the Macro-eNB. 

 

2.2 Enhanced Inter-Cell Interference Coordination 

Enhanced Inter-cell Interference Coordination (eICIC) is a 

framework by the 3GPP project to handle inter cell 

interference in Het-Net environments. In this approach 

transmissions from Macro-eNBs inflicting high interference 

onto Pico-eNBs users are periodically muted (stopped) 

during entire subframes, by this stategy, the Pico-eNB users 

that are suffering from a high level of interference from the 

aggressor Macro-eNB have a chance to be served[14]. Since 

RE pico UEs are only scheduled during mandatory ABS in 

the macro eNB, the number of mandatory ABS (i.e. TDM 

muting ratio) in the macro eNB should increase or decrease 

accordingly with the RE in the pico eNB and, 

consequently,with the number of cell-edge UEs in the 

cluster. 

 
Fig-3: TDM eICIC for LTE-Advanced 

 

 

 

2.3 User cell selection and bias  

Cell selection by the user equipment is done by the user with 

respect to the maximum received signal strength[1]. Let the 

reference signal received power in dBm be P(i) from the cell 

as measured by the user equipment(UE) The user equipment 

selects the cell-S by 

 

S= arg max(P(i)+α) 

Where, 

α -bias value. 

 

Thus, by assigning larger bias to pico cell compared to 

macro cell, then one can ensure that the pico cell are not 

Underutilized[9]. 

 

3. SCHEDULING ALGORITHMS 

Scheduling is simply allocating or reserving resources to 

users in a communication system to maximize throughput 

and system efficiency. Scheduling in LTE downlink takes 

advantage of various factors including channel variations by 

allocating frequency and time resources to a user with 

transiently better channel conditions [5]. The quality of 

service requirement in a multi-user communication system 

varies therefore the choice of a scheduling algorithm 

critically impacts the system performance. These techniques 

are evaluated on the basis of quality of service requirement 

of a user, and in terms of the maximum benefit the system 

can derive from it using metrics of fairness, system 

throughput and most especially service level agreement. 

 

3.1 Round Robin Scheduling 

Round Robin is one of the fundamental and widely used 

scheduling algorithms. Its running process is very simple 

and easy to implement. Each active UE in a cell have equal 

access to resources and services at equal amount of time 

slots hence round robin algorithm is not a channel-dependent 

scheduling algorithm 

 

 
Fig-4:Round Robin Scheduling 
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4. SIMULATION RESULTS AND DISCUSSIONS 

Table-1:Simulation Parameters 

Parameters Value 

Macro cell 

 (TX power) 

20 dBm 

Pico cell  

( TX power) 

6 dBm 

Scheduler Round Robin 

Carrier frequency 2GHz 

Bandwidth 10MHz 

Bias values 0,15 

 

Pico cell Range is increased by the bias value, which forces 

mobiles to perform a handover into the Pico cell, even if the 

received signal strength of the Pico cell is comparatively 

low, but this results in the interference in Range extended 

region. 

 

 
Fig-5:Scenario indicating the interference for UE in RE 

region 

 

Figure1.5 indicates the region of the two cells with range 

extended region of picocell being interfered by macrocell. 

This offloading is done various bias value, the consideration 

here is for 0db and 15db. The performance under various 

load condition has been analyzed in the following section. 

 

4.1 Performance Under Different Load Condition 

The Figure 1.6 gives Resource usage ratio for the Users in 

the cell with the bias value for macrocell(0db), 

picocell(0db), All cells (Macro+pico)(0db). The result 

indicates that the Macrocell resource has been used 

maximum since there is no offloading for the user arriving in 

the cell. The Picocell resources has been used at the 

minimum due to the reduced transmitting power. 

 

Fig-6:Resource Usage Ratio (0dB) 

 

The Figure 1.7 gives Resource usage ratio for the Users in 

the cell with the bias value for macrocell(15db), 

picocell(15db), All cells (Macro+pico)(15db). The result 

indicates that the Picocell Resource has been used maximum 

since there is offloading for the user arriving in the cell. The 

Macrocell resources usage is reduced  due to the offloading 

of users to picocell. 

 

 
Fig-7:Resource Usage Ratio (bias-15dB) 

 

4.2 Throughput of Mobiles In Dependency of 

Traffic Load 

Figure 1.8 gives the Mean mobile throughput for the user 

arrival in the cell. The Mean user throughput for the Bias 

value of 0db and 15db without eICIC is reduced with the 

user arrival rate but the round robin scheduling for eICIC 

throughput shows the fairness in throughput is improved 

with the user arrival.   

 

 
Fig-8:Mean Mobile Throughput 

 

Figure 1.9 gives the Load dependent Cell border throughput 

for user arrival in the cell. The Cell border throughput for 

the Bias value of 0db and 15db without eICIC is reduced 

with the user arrival rate but the round robin scheduling for 

eICIC throughput shows the fairness in throughput is 

improved with the user arrival and the throughput for the 

cell border is improved using round robin.    
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Fig-9:Cell-Border Throughput 

 

5.CONCLUSIONS 

The performance analysis shows that the eICIC performance 

for various load condition has been used to reduce the 

interference between the pico and macro cell. 

The pico layer range extension offset should be properly 

chosen according to the scenario, and especially be adapted 

to the UE distribution (i.e. load balancing). 

 

When the range expansion scheme is applied to encourage 

more users to select pico cells as their serving cells by 

adding a positive bias, the almost blank subframe is 

inevitable to protect offloaded pico cell users from macro 

cell interference. 

 

In this paper, Round robin scheduling has been performed in 

enhanced inter cell interference coordination. In future 

various scheduling strategies can be applied to eICIC and 

the performance can be improved by providing fairness and 

load balancing in muti cell environment. 
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