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Abstract - This paper includes an optimization of 
parameters for LTE Handover. Self-Configuring and Self- 
Healing networks are considered, and parameter optimization 
is done for the same considering Omnidirectional, Patterned 
ASCII 2D, Patterned ASCII 3D, Patterned NSMA antennas .The 
result of optimization is shown in terms of Throughput and 
Network delivery delay for each of the antennas. Conclusions 
are drawn out by comparing all the antennas and results are 
tabulated. 
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1. INTRODUCTION  
 
Long Term Evolution (LTE) is a 4G wireless broadband 

technology developed by the Third Generation Partnership 

Project (3GPP) as an extension of UMTS. LTE is mainly 

designed for high speed data applications both in the uplink 

and downlink. LTE network offers about 300Mbps data rate 

in the downlink and about 75 Mbps in the uplink.   

Self-configuration mechanism is the capability to configure 

automatically a newly deployed station to achieve the 

necessary basic configuration for network operation. 

Whereas the self-optimize is the process where the User 

Equipment (UE) and the base station (eNB) measurements 

are employed to automatically optimize the network 

operations. Self-healing refers to the capability of the 

network to detect fault, diagnose them and to perform fault 

recovery action. 

A.  Different types of Antenna’s 

 

Antenna is an electrical device which converts electric 

power into radio waves, and vice versa. It is usually used 

with a radio transmitter or radio receiver. In transmission, a 

radio transmitter supplies an electric current oscillating 

at radio frequency  to the antenna's terminals, and the 

antenna radiates the energy from the current 

as electromagnetic waves (radio waves). In reception, an 

antenna intercepts some of the power of an electromagnetic 

wave in order to produce a tiny voltage at its terminals 

which is applied to the receiver to be amplified. Antennas 

can be designed to transmit and receive radio waves in all 

horizontal directions equally (omnidirectional antennas)     

or preferentially in a particular specified direction 

(directional antennas). Omnidirectional antenna is the basic 

antenna which yields the same antenna gain irrespective of 

the direction of the transmitted or received signal. The 

Patterned antenna transmits or receives according to a 

particular pattern specified in the pattern file. Antenna 

pattern files can be specified in Open-ASCII (2-D and 3-D) 

and NSMA formats, in addition to the traditional format. 

B. LTE Handover in SON 
 

A handover is a process in which connected cellular call is 

transferred from one cell site to another without 

disconnecting the session. By adopting the Self-Organizing 

Network (SON) feature, the LTE handover management for 

the serving cell and the neighbouring cell can be optimized. 

These optimizations were important in order to minimize 

HO failure rate. HO process in LTE can be observed through 

the Eventa3. Eventa3 is defined as the triggering event when 

a neighbouring cell offset becomes better than the serving 

cell. The parameter that define trigger include: a3offset, 

Hyteresisa3 (Hys) and Time-To-Trigger (TTT) values.  The 

role of a3offset is to ensure the serving cell look better than 

its current measurement in comparison to neighbouring cell. 

Meanwhile Hysteresisa3 role is to make the measured 

neighbouring cell look worse than measured to ensure it is 

really strong before the User Equipment (UE) decides to 

send a measurement report to initiate a HO. Time-To-

Trigger’s role is to avoid HO Ping-Pong effect. There are 

three ways of optimizing HO in LTE by: 

 

1) Modifying the parameter a3offset and hysteresisa3,  

2) Changing the parameter Time-To-Trigger and 

3) Modifying the parameter filter coefficient for     

eventa3. 

C. Types of handover procedure in downlink  

 
There are two types of handover procedure in downlink LTE 
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for UEs in active mode which are the S1 and X2 handover 
procedures. The X2-handover procedure is normally used 
for the inter-eNodeB handover to balance network load and 
prevent interference. In the preparation phase, the UE needs 
to send measurement reports periodically to the source 
eNodeB. Based on these reports, the source eNodeB will 
decide to which target eNodeB the UE should be handed 
over. Besides the measurement reports, other criteria are 
also considered by the source eNodeB before a control 
message is sent to the target eNodeB to prepare for the 
handover. Upon receiving the control message requesting to 
prepare for handover, the target eNodeB will prepare a 
buffer for the UE. Once the preparation phase is completed, a 
handover command control message is sent by the source 
eNodeB to the UE in the execution phase to notify the UE that 
it is going to be handed over to another eNodeB. 
         Upon receiving the message, the UE will disconnect 

itself from the source eNodeB and request for connection 

with the target eNodeB. At the same time, the source eNodeB 

forwards all packets of the UE to the target eNodeB. These 

packets are queued by the target eNodeB in the UE buffer. 

Once the UE has successfully connected to the target 

eNodeB, the target eNodeB transmits all the buffered packets 

of the UE followed by the incoming packets from the target 

gateway. The handover procedure moves to the completion 

phase after the UE sends to the target eNodeB a handover 

complete message that indicates this handover is completed. 

The main purposes of the completion phase are to release all 

the resources used by the UE at the source eNodeB and to 

notify the upper layer to switch the path of the packet to the 

target eNodeB. Therefore, the target eNodeB needs to inform 

the source eNodeB to release all resources from the UE and 

the target MME to execute path switching to the target 

eNodeB, respectively. 

2. Methodology 

In this section, the process of optimizing the Eventa3 
parameters is discussed. There are two phases in the 
methodology, where in the first phase the value of 
Hysteresisa3 (Hys) is fixed to 4dB while the values of Time-
To-Trigger (TTT) are set at 40ms, 80ms, 160ms, 256ms, 
320ms and 480ms. The first simulation was run with the 
value of Hysteresisa3 is set at 4dB while Time-To-Trigger is 
set at 40ms. The performance of handover algorithm was 
observed and data regarding the network performance was 
recorded and tabulate.  

Then in the next phase the value for Time-To-Trigger is 
permanently set to 320ms, while the values of Hysteresisa3 
were varied. The values of Hysteresisa3 start at 0.5dB up to 
5dB. The topology setting was reset for the next part of 
handover optimization testing. First, the value of TTT was 
set to 320ms and the Hys value is set at 0.5dB. The 

simulation was run and the results from this simulation were 
recorded.  

The simulations were repeated with different values 
of Hys until the value reached 5dB. Finally, all the recorded 
results were analyzed to evaluate the LTE network 
performance in terms of throughput and delay when the 
handover parameters were being optimized. 

Table -1 shows the required parameter setting and 
configuration required for running the LTE HO scenario in 
Qualnet. The network simulation scenarios are set as shown 
in the table. The simulation time was set for 48 seconds to 
observe the overall network performance as well as the 
arrival time for all UE. The initial starting operating value for 
Hys is 4dB and TTT is 40ms. These initial HO parameter 
values are selected since it already gives a good system 
performance for fixed HO point. 

 
Table -1: Simulation Parameter 

Simulator Qualnet 

Terrain Size 2500*2500 m 

Data Type CBR 

Simulation Type 48 s 

Transmission Power 46 dB 

Number of users 7 

Initial Hysteresisa3 4dB 

Initial Time-To-Trigger 40 ms 

Mobility Model Random 

Antenna Model Omnidirectional, 

Patterned (ASCII 

2D,ASCII 3D, NSMA) 

 
Table-2 shows the modification values for a3offset and 
Hysteresisa3. For the first phase of the simulation, the values 
of Time-To-Trigger were varied and the Hysteresis was fixed 
to 4dB and for the second phase of the simulation, the values 
of Hysteresis were varied while the value of Time-To-Trigger 
was set to 320ms.  

 
 

 

 



          International Research Journal of Engineering and Technology (IRJET)      e-ISSN: 2395 -0056 

               Volume: 04 Issue: 05 | May -2017                     www.irjet.net                                                                p-ISSN: 2395-0072 

 

© 2017, IRJET       |       Impact Factor value: 5.181       |       ISO 9001:2008 Certified Journal       |    Page 1549 
 

Table -2: Modification of Hys and TTT 

 Hys(dB) TTT(ms) 

First Phase of 

Simulation 

 
 
 
 

4 

40 

80 

160 

256 

320 

480 

Second Phase 

of Simulation 

0.5  
 
 

320 

1.0 

2.0 

3.0 

4.0 

5.0 

3. Simulation Results 

This section consists of results of simulation. In total there 
was 49 simulation runs including the initial simulation to 
observe the handover performance before deciding the best 
optimize handover parameters. For each type of antenna 12 
simulation are run by varying TTT and Hys and the results 
are tabulated and graphs are analyzed. 

 
A. Simulation Scenario 

 
 The above HO optimization has been studied by using 
simulation scenario that consists of 7 radio cells organized 
for 3 base stations site within the area of 2.5km x 2.5km.      
Fig 1 shows the LTE network simulation scenario developed 
by using the QualNet network simulator. Node 1 is their 
SGWMME node. SGWMME is the combination node between 
the Serving Gateway (SGW) and Mobility Management   
Entity (MME). SGW shall forward the data that come from 
base station and packet data network gateway. MME is    
used to control the high-level operation such as choosing the 
right SGW for the UE and authenticating them. MME           
also responsible to control the mobility between the          
LTE networks with other access networks. 
  

Node 2, node 3 and node 4 are eNB1, eNB2 and eNB3 
respectively that represent the base station. Meanwhile        
node 12 is their core network (CN). The purpose of CN is to 
communicate with the outside world network through their 
packet data network. Internet, private corporate network 
and etc. are the example of the packet data network of 
outside world.  

As the simulation starts, each UE move towards 
their destination. As they approach eNB1, all UEs make radio 
connection to base station as all UEs have a stable 
connection with eNB1 as all are still in the eNB1 network 

coverage. However, after roaming far away from the eNB1 
station, the UE starts to lose the network coverage. At this 
time, a UE measurement report has been sent to the nearest 
cells in order to allow HO process. After the confirmation 
between the target cell and the UE, all UEs start to release 
their connection and perform the HO process at different 
time as they come closer to their target base station. 

 

 
Fig 1: LTE HO Scenario 

 

Fig.1 shows a LTE handover scenario. There are 3 base 
stations placed on the canvas to cover the entire space on the 
canvas.7 UE’s are placed near eNB 1. As they start to move 
towards their destination, they consequently handover from 
one eNB to the nearby eNB.  

Node 1 is the SGW/MME. Node 12 is the CN from which 
control signals are fetched. UE’s are arranged in such  a way 
that some of them get signals from one base station and 
others get signals from next neighbouring base station.  

Self –Configuring scenario is considered first, in a way that 
it starts receiving signals automatically from nearby base 
stations as they start to move from source to destination. 

Same scenario is considered for Self-Healing networks, the 
only change is that one of the base station is turned off. The 
results are compared with previous network and results are 
drawn. 
 
B. Optimization for Self-Configuring networks 

 
Scenario was created in a way that all the mobile nodes 
automatically connect to near-by eNB’s while travelling from 
source to destination. Considering individual antenna’s and 
for each antenna 12 simulation was run. Throughput and 
network delivery delay values are noted down. The results 
are clubbed and comparison are drawn out for all the 
antennas. 
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Chart -1: Throughput for fixed Hys 
 

 
Chart -2:  Network delivery delay for fixed Hys 

 
Chart-1 shows that for a fixed Hys value of 4db, Patterned 
NSMA antenna shows better throughput than all other 
antennas. The performance of all the antennas gradually 
increases among the eNB’s. Patterned 3D antenna is the poor 
performer. 

Chart-2 shows network delivery delay for fixed Hys of 4db. 
Delay is minimum for Patterned 3D antenna which 
undergoes less congestion due to the less coverage area it 
spreads. Patterned NSMA is the next best performer even 
after covering the required area. 
 

 
 

Chart -3: Throughput for fixed TTT 

 
 

Chart -4: Network delivery delay for fixed TTT 
 
Chart-3 shows throughput values for fixed TTT parameter. 

Patterned 2D antenna shows better throughput for eNB1 
and eNB2. Patterned NSMA shows better performance for 
eNB3.On an average Patterned NSMA antenna shows better 
throughput for each of the base stations. 
 Chart-4 shows the network delivery delay for fixed 
TTT value. Patterned 3D shows lesser delay, Patterned 
NSMA and 2D shows almost equal delivery delay for 
successful HO.  
 
C. Optimization for Self-healing networks 

 
Same scenario was used for Self-Healing network, but eNB1 
was disabled so as to create a self-healing environment. 
eNB1 is disabled by setting its Transmission power to zero. 

Here mobile nodes automatically connect to near-by eNB’s 
while travelling from source to destination. Considering 
individual antenna’s and for each antenna 12 simulation was 
run. Throughput and network delivery delay values are 
noted down. The results are clubbed and comparison are 
drawn out for all the antennas. 

Chart-5 shows Throughput value for constant Hys 
parameter. As the eNB1 is disabled, throughput across eNB1 
remains zero. Patterned NSMA antenna shows better 
throughput for varying TTT. 

Chart-6 shows Network delivery delay for fixed Hys, 
Patterned NSMA and Patterned 2D antenna have lower 
delivery delay in spite of showing better throughput , which 
shows that the antenna is better performer while HO 
parameter Hys is fixed, and TTT is varying. 
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Chart -5: Throughput for fixed Hys 
 

 
 

Chart -6: Network delivery delay for fixed Hys 
 

Chart-7 shows the throughput value for fixed TTT. Patterned 
NSMA and Omnidirectional antenna shows better 
throughput for varying Hys parameter. 

 
Chart -7: Throughput for fixed TTT 

 
Chart-8 shows network delivery delay for fixed TTT. 

Patterned NSMA and Patterned 2D shows minimum delay 
with varying Hys parameter. It is to be observed that for self-
healing networks, since eNB1 is disabled, all the UE 
automatically fetch signals from other nearby base stations.  

The throughput of Self-Configuring networks are more 

compared to Self-Healing networks as there are more 
dropped out signals in case of Self-Healing. Network delivery 
delay for Self-Healing networks is more as they are highly 
congested. 

 
 

Chart -8: Network delivery delay for fixed TTT 

4. Conclusion 

The work carried out includes optimizing LTE handover 
parameters for Self-Configuring and Self-Healing networks 
considering Omnidirectional and different types of patterned 
antennas. It is observed that the performance of patterned 
NSMA and Omnidirectional antenna are better for the 
Throughput , and Patterned NSMA and Patterned 2D 
antennas are better for considering network delivery delay. 
Patterned 3D antenna is the poor performer. 
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