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Abstract— In heterogeneous (HetNet) networks the handover is an important process that affects the Quality of service performance. 

The decision of handover is the objective rule in the handover process. Due to the fact that the handover is of primary importance in 

QoS for LTE networks, it is considered in the present work using fuzzy logic design procedure. To determine the handover decision for 

macro cell or small cell a fuzzy logic design with the following input parameters: Signal-to-Interference-Noise Ratio (SINR), Data Rate, 

Load, Distance between user and base station and Velocity of user equipment (UE) is introduced. The proposed design is a combination 

of multi stages of fuzzy logic to reduce the number of rules. This will simplify the design for large input parameters, i.e., reduce the de-

sign complexity.  

Moreover, a proposed three stage-fuzzy logic design for QoS in the LTE networks will also be introduced for VOIP application. 

The comparison carried out between the proposed design and the conventional one showed a performance improvement of the fuzzy 

system over the conventional one. Matlab simulation and results will be presented and discussed. 
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——————————      —————————— 

1 INTRODUCTION                                                                     

eterogeneous networks (HetNet) are consists of mobile 

cellular networks such as UMTS, GSM, WLAN, WI-

MAX etc. In these multicellular networks a mixture of multi-

cellular has been used (e.g. macro, pico, or femto cells). Small 

cell is realized as the one to cover limited area and little 

amount power base station, while macro cell is realized as to 

cover big area and large amount of power base station. When, 

the small cell numbers have been increased, the system capaci-

ty is increased; however the amount of power consumption 

will be high. Hence, the users which located in the edge of 

small cells would achieve low amount of throughput due to 

the increased interference [1]. 

 
In cellular networks the basic effect of handover on the 

quality of service (QoS) is considered call drop. Call drop 

would happen because of handover failure, interference, rise 

bit error rate, reduced system capacity, and failure of radio 

link etc. [2]. To reduce the call drop the handover procedure 

would be improved. This in turn could maintain the desirable 

QoS. 

The handover would occur when the user equipment (UE) 

moves away from one base station to another. Handover pro-

cess may be classified into vertical handover and horizontal 

handover. Horizontal handover occurs when the mobile 

moves between different cells that are using the same net-

works technology such as, (WLAN to WLAN). On the other 

hand vertical handover occurs when the UE moves between 

different cells that are used different network technology such 

as, (LTE to WLAN) [3]. In LTE networks there are three types 

of handover [4]. The first is Hand-in handover in which the 

user moves from a macro cell to a small cell. The second is 

Hand-out in which the user moves from a small cell to a mac-

ro cell. The third is the Hand-off in which the user moves 

from a small to a small cell. 

 
In [5] handoff control for microcellular mobile networks 

using fuzzy logic was presented. The effect of received signal 

strength, the load, and the distance between base station and 

user was considered upon the handover decision. The authors 

in [6] take speed, direction, distance, load, and signal strength 

into consideration in their fuzzy logic design. Authors in [7] 

designed intelligent handover decision process using fuzzy 

logic system and in addition to various QoS parameters has 

been introduced. A simulation of fuzzy logic model for verti-

cal handover in heterogeneous networks using eight input 

parameters was presented in [8]. The results illustrated the 
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improved performance and reduced complexity.  Service 

aware fuzzy logic based handover decision for heterogeneous 

wireless network was introduced in [9]. Authors take into ac-

count type of service to determine the handover decision be-

tween macro and femto cells was presented. A context aware 

fuzzy logic based vertical handoff decision strategies for het-

erogeneous wireless network were introduced in [10]. The 

authors take into consideration the available bandwidth, bit 

error rate, jitter, and end to end delay as parameters for QoS. 

 
Fuzzy logic is an intelligent decision-making technique 

which has the ability to treat inaccurate, and/or un-modeled 

data to support in solving control troubles. In the present 

work the fuzzy logic is introduced to determine the handover 

decision of macro base station and small base station with dif-

ferent mechanism parameters. In the decision design, to pick 

out the appropriate cell the velocity of user was taking into 

consideration. Therefore, at high velocity the macro cell was 

chosen, whereas at low velocity a small cell was chosen [9]. 

Moreover, the QoS of LTE for various applications are evalu-

ated using fuzzy logic [11].  

The paper is organized as follows: part 2 introduces sys-

tem model, part3 introduced steps of design for fuzzy infer-

ence system, and part 4 presents comparison between pro-

posed system and the conventional one, part5 presents the 

design of fuzzy logic to evaluate the Quality of service for 

LTE networks and LTE VOIP application. 

2 SYSTEM MODEL 

The system consists of two-tier HetNet which contain a set 

of macro cells overlaid with small cells within the coverage 

area of macro cells. The HetNet base station consists of a 

group of macro base stations (M) and small base stations (S), 

where M=(m1,m2,………,mM), S=(s1,s2,…………,sS) respective-

ly. Therefore, all HetNet base station is (B=M∪S). The user 

equipments (UEs) given by K= (k1,…….,kNUE) are uniformly 

distributed over the entire area. All of the user equipments 

have the same frequency band and all of them move random-

ly as shown in Fig. 1. 

 

 

 

 

 

 

 

 

 

 
 

 
Fig. 1, Two Tier HetNet with Small Cells and Mobile Users 

 
If user k is served by base station b ϵ  B, the signal to inter-

ference and noise ratio of the user γb
kcan be expressed by [12]: 

 

γb
k(x, t) =

pb(t)gb
k(x, t)

∑ pb′(t)b′≠b gb′
k (x, t) + N0

(1) 

 
Where,  pb(t) is the down link transmission power at time 

t,  gb
k(x, t)denotes the total channel gain including path loss 

and lognormal shadow fading from the user location x to the 

base station and N0 is the thermal noise power spectral densi-

ty. The maximum data rate of user k with bandwidth B is giv-

en by the Shannon theorem as [12]: 

 

CK(x, t) = B log2 (1 + γb
k(x, t)).    (2) 

 
When UES achieve constant bit rate RK,  the base station load 
is expressed as [12]: 

 

                                  τb(t) = ∑
RK

Ck(x,t)
k∈kb

.                        (3)       

 

3 STEPS OF DESIGN FOR FUZZY INFERENCE SYSTEM 

Step One: Determine the input parameters: distance be-

tween the base station and mobile, velocity, Signal to Interfer-

ence-Noise Ratio (SINR), Data Rate, and Load. The last three 

parameters are calculated from equations (1, 2 and 3). Matlab 

simulation will be used for an LTE network having a single 

macro cell at the origin and small cells with UE's uniformly 

distribution on the entire geographical area as shown in Fig. 2. 

SBS: small base station 
MBS: macro base station 
          Desired signal 
          Interference signal 
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The simulation parameters used are shown in Table 1. The 

simulation results for each macro and small cells are tabulated 

in Table 2. 

 

 

 

Fig. 2, Two Tier HETNET Macro Base Station at The Origin and Group of 

Small Cells Cover The Entire Area. 

TABLE1  

SIMULATION PARAMETER 

 

TABLE 2, 

SIMULATION RESULTS 

 

Step Two: The crisp input must be converted into linguis-

tic variables. Therefore, this step is known as fuzzification 

step. The input is fuzzified using membership functions. The 

membership functions used in the present work are triangular 

and trapezoidal functions. Note that the triangular shape and 

trapezoidal shape functions are expressed respectively as: 

μ(x) = {

x − a

b − a
, a ≤ x ≤ b

c − x

c − b
, b ≤ x ≤ c

       (4) 

for triangular shape and 

            μ(x) =

{
 
 

 
 
x − l

m − l
 ,     l ≤ x ≤ m

1,               m ≤ x ≤ n
u − x

u − n
, n ≤ x ≤ u

         (5) 

for trapezoidal shape. 

 
The membership functions for macro base station inputs and 

small base station (distance, load, SINR, DATA-RATE, and 

velocity) are shown in Fig. 3 and Fig. 4 respectively: 

 

Fig. 3 (a), Membership Function of Distance 

 

Fig. 3 (b), Membership Function of Load 

 
Fig. 3(c), Membership Function of SINR 

 
Fig. 3 (d), Membership Function of DATA-RATE 

 

 
 
 
 

 
 

 

Fig. 3 (e), Membership Function of Velocity 

Fig. 3, Membership Functions for Input Parameters of Macro Base Station 

*: macro base station 

*: small base station  

*: user   
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Fig. 4(a), Membership Function of Distance 

Fig. 4(b), Membership Function of Load 

Fig. 4(c), Membership Function of SINR 

Fig. 4 (d), Membership Function of DATA-RATE 

Fig. 4(e), Membership Function of Velocity 
              Fig. 4, Membership Function of Input Parameters for Small Cell 

 

Step Three: Perform a rule base between input and output. 

The rule base take the form of IF….AND….OR, THEN with 

the operations AND, OR, etc. The number of the rules =MN. 

Where, M is the number of sets (low, medium, high) and N is 

the number of inputs so the number of rules=35 =243 rules. 

Note that the number of rules is very large. Therefore, a new 

design is introduced to reduce the number of rules using three 

fuzzy logic with five inputs instead of just one fuzzy logic. 

This proposed design is shown in Fig. 5. The first fuzzy logic 

with input parameters (distance and load) and the outputs 

(distance-loadfactor), the second fuzzy logic with inputs(SINR 

and DATA-RATE) and outputs (SINR-RATEFACTOR), the 

third fuzzy logic with inputs (SINR-RATEFACTOR, distance-

loadfactor and velocity) and the output is handover decision 

factor (HOF). The AND logic operation is used to determine 

the firing strength αi as expressed by 

αi = µ(first input)×µ(second input)×µ(third input) (6) 

Where, µ (first input), µ (second input), and µ (third input) is 

the membership function of first input, second input and third 

input respectively. The output rule (zi) is determined by mul-

tiplication of the firing strength αi with membership function 

of the output. 

Step Four: Defuzzification which determines the 

weighted average of all the output rules specified by  

W=
∑ αizi
N
i=1

∑ αi
N
i=1

             (7) 

Where zi is the output membership function value of the rule 

i, and W specifies the Handover of MBS and SBS. 

 
 

Fig. 5, Fuzzy Logic Controller for the Handover Decisoion 

 
5.1 Fuzzy Logic Design for Macro Cell and Small Cell 

 
First Fuzzy Logic: It has two input parameters (distance 

and load) and one output (distance-loadfactor). The member-

ship function of output for first fuzzy logic is shown in Fig.6, 

and the output surface for macro and small cell between dis-

tance, network load and distance-loadfactor are shown in 

Fig.7 and Fig. 8respectively. 
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Fig. 6, MembershipFunction of Distance-Load Factor 

 

Fig. 7, Output Surface between Network Load, Distance, and Dis-

tance-Load Factor for Macro Cell 

 

Fig. 8, Output Surface between Network Load, Distance, and Dis-

tance-Load Factor for Small Cell 

It is seen from Fig. 7 and Fig. 8, that the distance-

loadfactor is increased as both the distance and load increase. 

For macro cell the distance greater than 142 meter and the load 

greater than 0.5, the distance-loadfactor is greater than 0.5. 

However, the distance would equal to 250 meter at a load equal 

to 0.9 and the distance-loadfactor is equal to 1. For small cell 

the distance greater than 15 meter and the load greater than 0.4, 

the distance-loadfactor is greater than 0.5. However, the dis-

tance would equal to 20 meter at a load equal to 0.7 and the 

distance-loadfactor is equal to 1. 

Second Fuzzy Logic: It has two input parameters (SINR 

and DATA-RATE) and one output (SINR-RATEFACTOR). The 

membership function for output of second fuzzy logic is shown 

in Fig. 9 and the surface curve for macro and small cell between 

SINR, DATA-RATE, and SINR-RATEFACTOR are shown in 

Figs. 10 and 11 respectiviely. 

 

 

Fig. 9, Membership Function of SINR-RATEFACTOR 

 

 
 
 
 
 
 
 
 
 

 
Fig. 10, Output Surface between SINR, DATA-RATE, and SINR- RATE-

FACTOR 

 
 
 
 
 
 
 
 
 
 

Fig. 11, Output Surface Between SINR, DATA-RATE and SINR-
RATEFACTOR 

 

It is seen from Fig. 10 and Fig. 11, that the SINR-

RATEFACTOR is increased as the SINR and DATA-RATE 

increase. For macro cell the SINR greater than 30 dB and the 

DATA-RATE greater than 80Mbps, the SINR-RATEFACTOR 

is greater than 0.5. However, the SINR would equal to 46 dB 

at a DATA-RATE equal to 154 Mbps and the SINR-

RATEFACTOR is equal to 1. For small cell the SINR greater 

than 11 dB and the DATA-RATE greater than 41.5Mbps, the 

SINR-RATEFACTOR is greater than 0.5. However, the SINR 

would equal to 22 dB at a DATA-RATE equal to 73 Mbps and 

the SINR-RATEFACTOR is equal to 1. 

Third Fuzzy Logic: The membership functions of outputs 

for the first and second fuzzy logic (distance-loadfactor and 

SINR-RATEFACTOR) shown in Fig. 6 and Fig. 9, were used 

as inputs for the third fuzzy logic. Therefore, the third fuzzy 

have three input parameters (distance-loadfactor, SINR-
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RATEFACTOR, and velocity) and one output (macro base 

station Handover factor and small base station handover fac-

tor). The membership function of the maco base station hand-

over factor (MBS-HOF & SBS-HOF) is shown in Fig.12, and its 

output surface between distance-loadfactor, SINR-

RATEFACTOR, and MBS handover factor and SBS-HOF are 

shown in Fig.13 and Fig. 14 respectively. 

 

Fig. 12, Membership Function of Macro Base Station Handover Factor 
(MBS-HOF&SBS-HOF) 

 
Fig.13, Output Surface between SINR-RATEFACTOR, Distance-Load 

Factor and Handover Decision 

 
Fig.14, Output Surface between SINR-RATEFACTOR, Distance-Load 

Factor and SBS-HoF 
 
 

It is seen from Fig. 13, that the macro base station hando-

ver factor (MBS-HOF) is increased as the distance-loadfactor 

increase and decrease of the SINR-RATEFACTOR. For SINR-

RATEFACTOR less than 0.5 and the distance-loadfactor 

greater than 0.5, the MBS-HOF is greater than0. 5. However, 

the SINR-RATEFACTOR would equal to 0.1 at a distance-

loadfactor equal to 1 and MBS-HOF equal to 1, where velocity 

equal 20 km/h.  

It is seen from Fig. 14, that the SBS-HoF is increased as the 

distance-loadfactor increase and decrease of the SINR-

RATEFACTOR. For SINR-RATEFACTOR less than 50% and 

the distance-loadfactor greater than 0.5, the SBS-HoF is great-

er than0. 5. However, the SINR-RATEFACTOR would equal 

to 0.1 at a distance-loadfactor equal to 1 and SBS-HoF equal to 

1, where the velocity equal to 100 km/h. 

 

When the user moves in the macro cell, there will be two 

cases may occur either user handover to small cell or remains 

in macro cell. Therefore, handover for macro cell must be es-

timated. Simulation results for the handover factor as a func-

tion of velocity for macro cell at different values of distance-

loadfactor are shown in Fig. 15(a). Similar results for hando-

ver factor as a function of velocity at different values of SINR-

RATEFACTOR are shown in Fig. 15(b). It is noticed that, in 

Fig. 15(a), as the distance-loadfactor increases the handover 

increases   whereas, in Fig. 15(b), as the SINR-RATEFACTOR 

increases the handover factor decreases. 

 

Fig. 15(a), Handover Factors as a Function of Velocity for Different Values 
of Distance-Load Factors 

 
 Fig. 15(b), Handover Factors as a Function of the Velocity for Different 

Values of SINR-RATEFACTORS 
Fig. 15, Design of Handover FLC for Macro Base Station (MBS) 

When the user moves in the small cell, there will be two 

cases may occur either user handover to macro cell or remains 

in small cell. Therefore, handover for small cell must be esti-

mated. Simulation results for the handover factor as a func-
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tion of velocity for small cell at different values of distance-

loadfactor are shown in Fig. 16(a). Similar results for hando-

ver factor as a function of velocity at different values of SINR-

RATEFACTOR are shown in Fig. 16(b). It is noticed that, in 

Fig. 16(a), as the distance-loadfactor increases the handover 

increases whereas, in Fig. 16(b), as the SINR-RATEFACTOR 

increases the handover factor decreases. 

 
Fig. 16 (a), Handover Factors as a Function of the Velocity at Dif-

ferent values of Distance-Load Factor. 

 

Fig. 16(b), Handover Factors as a Function of the Velocity at Different 

values of SINR-RATEFACTOR. 

Fig. 16, Design of Handover FLC for Small Base Station (SBS) 

4 COMPARISON BETWEEN PROPOSED SYSTEM AND 

THE CONVENTIONAL ONE 

In this part of study a performance comparison has been 

conducted between our proposed system and the conventional 

one for two cases macro cell system and small cell system and 

the results are shown in Figs. 17, 18, and 19. From these fig-

ures it is noticed that our system provides improvement of 

handover factor than the conventional system by about 87% 

for handover factor from macro to small cells (Fig. 17). How-

ever, for handover factor from small to macro cells our system 

provides an improvement of about 46.8% over the conven-

tional one (Fig. 18). In Fig. 19 the proposed system provides an 

improvement in the throughput of about 21.9% over the con-

ventional one. Note that, the handover factor of conventional 

system is estimated using equ (20) in [15] and cell throughput 

using equ (12) in [16], then the total system throughput which 

is the sum of the system cells throughput. 

 

Fig. 17, Handover Versus UE Velocity for Macro Cell 

Fig. 18, Handover Versus UE Velocity for Small Cell 

Fig. 19, System Throughput Versus UE Velocity (km/h) 

 

5 QUALITY OF SERVICE OF LTE NETWORK 

The second objective of the work reported here is to design 

a fuzzy logic implementation for the QoS in LTE networks. 

There are many parameters that affect the Quality of service 

(QoS) of the LTE network such as delay, loss rate, throughput 

and jitter. Three stages are design to calculate the quality of 

service. The first stage determines the handover decision of 

macro and small cell for the network as shown in Fig. 5, the 

second determines the effect of handover decision on the data 

loss rate as shown Fig. 20, and the third determines the Quali-

ty of services (QoS) of the networkas shown in Fig. 28. 

The loss rate of the network is determined by two parame-
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ters, the handover factor and coverage area as shown in Fig. 

20. Where the coverage area of LTE macro and small cells is 

given byπR2, and R is the radius of LTE macro and small cells. 

 

Fig. 20(a), Macro LTE Loss RATE  

 

Fig. 20(b), Small LTE Loss RATE 

Fig. 20, LTE System Loss Rate (2 Inputs, 1Output and 9 Rules) 

The values of MBS-HoF and SBS-HoF has ranged from 0 to 

1 as shown in Fig. 12. The coverage area of macro cell value 

has ranged from 4 to 196 km and small cell has ranged from 

0.3 to 1.3 km according to the boundary parameters a, b, c, l, 

m, n, and u as shown in Figs. 21 and 22 respectively.  

 

Fig. 21, Membership Function of Coverage Area of Macro Cell LTE 

 

Fig. 22, Membership Function of Coverage Area of Small Cell LTE 
 

The number of rules =32=9 as shown in Table 3. Member-

ship function of loss rate can be calculated from equations (4 

and 5). The value of loss rate has ranged from 1 to 3 as shown 

in Fig. 23. The output surface between the handover factor, 

coverage area of macro and small cells and LTE loss rate are 

shown in Figs. 24 and 25 respectively. 

TABLE 3 

 RULE THAT DETERMINED THE LOSS RATE OF NETWORK 

 

 

Fig. 23, Membership function of LTE Loss Rate 

Fig. 24, Output Surface between MBS-HoF, Coverage Area of Macro Cell, 

and Loss Rate 

 
 

Fig. 25, Output Surface between SBS-HoF, Coverage Area of Small 

Cell, and Loss Rate 

 
It is seen from Figs. 24 and 25, that the loss rate of LTE is in-

creased as the handover factor and coverage area decrease. For 

macro base station handover factor (MBS-HoF) greater than 0.5 and 

the coverage area of macro cell greater than100km, the loss rate is 

less than 2%. For small base station handover factor (SBS-HoF) 

greater than 0.5 and the coverage area of small cell greater than 

0.8km, the loss rate is less than 2%.   

The Quality of service of LTE network can be determined 

by designed the fuzzy logic with four inputs delay, loss rate, 

throughput, and jitter and one output Quality of service (QoS) 

of LTE network as shown in Fig. 28.  

 

Fig. 28, System LTE QoS (4 Inputs, 1Output and 81Rules) 

 
Membership function of input parameters delay, loss 

rate, throughput, and jitter can be calculated from equations 
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(4 and 5). Where the value of delay has ranged from 40 to 60, 

loss rate from 1 to 3, throughput from 40 to 100, and jitter 

from 20 to 60 according to the boundary parameters a, b, c, l, 

m, n, and u as shown in Fig. 29. The number of the rule 

=34=81 rules as shown in Table 4. The output surface of the 

Quality of service of LTE network is shown in Fig. 30. 

It is seen from Fig. 30, that the LTE QoS is increased as 

delay and loss rate decrease. For delay less than 50ms and the 

loss rate less than 2%, the LTE QoS is greater than 25%. How-

ever, the delay would equal to 40ms at loss rate equal to 1% 

and LTE QoS equal to 100%, where throughput equal to 

100Mbps and jitter equal to 20 ms. 

 
TABLE 4 

FUZZY RULE TO DETERMINE THE QUALITY OF SERVICE (QOS) OF 

LTE NETWORK  

 
 

 
Fig. 29 (a), Membership Function of LTE Delay 

 
Fig. 29(b), Membership Function of LTE  Loss Rate 

 
Fig. 29(c), Membership Function of LTE Throughput 

 
Fig. 29(d), Membership Function of LTE Jitter 

    Fig.29, Membership Function of LTE QoS Parameters 

 

 
 

Fig. 30, Output Surface between Delay, Loss Rate, and LTE QoS 
 

In Fig. 31, the LTE Quality of service (QoS) is decreased as 

the delay, loss rate, and jitter increase, so these parameters are 

inversaly proportinal with the LTE QoS. As the throughput 

increased the LTE QoS increased so the throughput is directly 

proportional with LTE QoS.  

 

Fig. 31(a), LTE QoS as a Function of Delay 

Fig. 31(b), LTE QoS as a Function of Loss Rate 

 
      Fig. 31(c), LTE QoS as a Function of Throughput 

Fig. 31(d), LTE QoS as a Function of Jitter 

Fig. 31, LTE QoS as a  Function of Delay, Loss Rate, Throughput, and 
Jitter 

 
5.1 LTE Quality of Service (QoS) for VOIP Application 

 
Fuzzy logic is designed to determine the quality of ser-

vice of VOIP application. Fuzzy has four inputs delay, loss 

rate, throughput, and jitter. The number of the rule=34=81 
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rules as shown in Table 4.  

     

In Fig.32, the LTE QoS of VOIP as a function of delay, loss 

rate, throughput, and jitter. As the delay, loss rate, and jitter 

increased the QoS decreased but the throughput increased the 

QoS increased for each application.  

 

 
Fig. 32(a), LTE QoS as Function of Delay for VOIPApplication 

 
Fig. 32(b), LTE QoS as Function of Loss Rate for VOIP Application 

 
  

Fig. 32(c), LTE QoS as Function of Throughput for VOIP Application 
 

  
 

Fig. 32(d), LTE QoS as Function of Jitter for VOIP Application 
 

Fig. 3.32, LTE VOIP QoS 

6 CONCLUSION 

This paper a study for the handover of LTE network with large 

number of inputs based on fuzzy logic. The proposed design reduced 

the number of rules for large number of inputs by design more than 

one fuzzy logic. The effect of handover decision on the loss rate as 

an input parameter that affects the QoS of LTE network is designed 

by the fuzzy logic with other parameters such as: delay, loss rate, 

throughput, and jitter which are used to calculate QoS performance 

of LTE network. A study was conducted for handover and through-

put to compare between our proposed system and the conventional 

one [14] and the results showed a performance improvement of 

fuzzy system over the conventional system. Finally this paper shows 

QoS for VOIP. The simulation results were obtained using Matlab 

simulation programs. 
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