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Abstract: Cellular technologies are continuously growing and for that 3G mobile technology has 

been implemented i.e. Universal telecommunication Mobile System (UMTS). In UMTS, services are 
categorized into four UMTS client application classes. The main issue is achieving mobility in 
implementing the 3G protocol. The soft handover supports the continuous service although a user 
equipment start moving from one's base station to the another base station or even from one's cell to 
the another cell and supports the seamless handover. In this paper the soft handover scenario is 
implemented using OPNET 14.5. Their performance evaluation is done by compare with two scenarios 
in it, one of with low traffic & one with high traffic load, and performing the random trajectory on them, 
one with 4 UE and another one with 9 UE. Performing the simulation and conclusion are compiled on 
an interval of 4 min. Various parameters of the soft handover are considered here as total number of 
cells added & removed, ATM load, total throughput (pkts/sec), active cell count, end to end delay (sec) 
 
 

Key words: UMTS, QOS, RNC, GGSN, SGSN, Node B, Soft Handover, UE. 

  
 

I. Introduction 

In this era the mobile communications are 
commonly seen as one of the most advanced 
form of human communications ever. In the last 
decade GSM technology is a leading revolution 
generation wireless system. UMTS is a part of the 
IMT-2000 family of 3G mobile communication 
system. The UMTS network is also called as 
Global System for Mobile communications 
(3GSM) because it evolved from that system and 
the air interface (WCDMA) for the UMTS network 
is based on Wideband Code Division Multiple 
Access (WCDMA) and includes the High Speed 
Packet Access (HSPA) specification. This 
architecture is as according to the third 

generation project (3GP) requirements. Besides 
providing changes in the network infrastructure 
the UMTS specifications point out the evolution 
path from GSM circuit  switched networks 
towards packet switched technologies offering 
higher transmission rates [1]. The UMTS is split 
up into three different parts: the User Equipment 
domain (UE) , the UMTS Terrestrial Radio 
Access Network (UTRAN) and the Core network 
part. The UTRAN further have the three parts: 
radio network controller (RNC), Node B, Radio 
Network Subsystem (RNS).The Core Network 
consists of SGSN, GGSN, MSC, HLR, and VLR. 
The UMTS achieves low-cost, high-capacity 
mobile communication and it also offers the data 
rate up to 2 mbps. 
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In cellular communication, the handover 
has defined as According to, 3GPP “The transfer 
of a user’s connection from one radio channel to 
another (could be the same or different cell)” [2]. 
A handover operation that can lower or 
even drop the delay while establishing the new 
connection called a fast handover. The handover 
process that minimizes the data loss during the 
setup of a new connection, then it called a 
smooth handover. A handover that performed the 
both fast and smooth called a “Seamless” 
handover. Handover aims to give continuity of 
mobile services to a user travelling over cell 
boundaries in a cellular architecture.  

Necessity of Handoff process: 

• When the movement of the cell phone user is 
very fast.  
• The movement of the cell phone user is from 
one Node B to     another during an ongoing 
session.  
• Quality of the signal is very poor. 
• When the interference in the network increases. 
• When the neighbour cell offers the better signal 
quality. 
 

1. Soft handover A 

Soft handover is a process in which the Node 
B adds and removes radio links in such a way 
that the User Equipment (UE) always keeps radio 
link with at least two node B’s. Soft handover is 
the one handover in which connection is set 
up before breaking the connection. This handover 
is known as “make before break”. 

A received signal in Node B is route to 
the RNC (Radio Network Controller). 
The RNC compares the signal on the frame by 
frame basis. The best frame has 
been selected for the next processing; the others 
frames are discarded. In the downlink direction, 
the same signal is transmitted by both Node Bs. 
Combining of these signals (in UE) provides rake 
receiver. 

In soft handover, the signal in the downlink 
direction, received from the two different base 
stations are combine using MRC Rake 

processing. In the uplink direction the received 
signals can no longer be joined in the base 
station but are routed to the RNC. 

In the process of soft handover many 
connections are set up. So there is a larger use of 
the radio resources in the downlink direction, 
which consumes much transmission power and 
causes higher interference problem. Thus there is 
a need of well planned soft handover criteria and 
have to be lies between Soft handover gain and 
some more capacity consumption. The soft 
handover gain is dependent on the environment, 
where the network is operating .The smallest 
adding and dropping threshold was 
between 0DB and 1DB and the largest one are 
lies in between 6db and 9db. The drop call rates 
are strongly dependent on time to trigger values. 
The trigger value to adding and dropping 
threshold is 3db and 6db consecutively. Fig 1 
shows the system model of soft handover and 
how the soft handover takes place. 

 

 
Figure 1.Soft Handover 

 

Benefits of soft handover: 

• Concept of power control is introduced in it. 
• In this betters QoS is achieved. 
• No hysteresis is involved in to it so lesser delay 
is required. 
•It acquires less overhead. 
• It removes the unnecessary handovers. 

 

1. OPNET B 

The OPNET Modeler tool provides the power of 
the graphical program during which the users will 
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model and simulate their networks. For 
developing completely different communication 
structures and implementing different 
eventualities, totally different tradable layers 
square measure gift within the atmosphere of the 
modeling. Users will build a detail model 
consistent with the need to try to do the analysis 
of the system. The systems square measure 
designed within the object destined method, on 
compilation of the model its produces a separate 
event simulation within the C language. When 
playacting the simulation, the results square 
measure analyzed with the various statistics 
associated with the performance provided by 
the OPNET. 

In the first section introduction has 
been explained, in the second section about the 
tool and the technique will explained. The rest of 
the paper describe the design of the network and 
the results illustrate how the network carry 
out with the busy scenario and how with the low 
traffic load scenario 
 

2. Literature Review 

Various researchers have worked on simulating 
altogether totally different UMTS network 
victimization varied simulation tools e.g. Qual 
net, OMNET, and NS2 likewise as OPNET. 
Moreover, there exists an outsized vary of 
techniques or ways in which for evaluating and 
proposing varied enhancements among the 
UMTS network. The foremost of the work 
conducted, has been either 2G to 3G or 3G 
to 2G. Its simulation-based studies carried on 
mobile communication networks. This section 
describes outlook of these ways in which area 
unit designed specifically for enhancements and 
performance analysis of Universal Mobile 
Telecommunication Network. By this idea the 
paper evaluate the performance of soft handover 
in the logical network within the soft limits. 

With OPNET 14.5 the virtual network has been 
created .The paper compares the network 
performance with in two scenarios where one 
with normal traffic load and another with the 
heavy traffic load. 

The paper focused on handover characteristic of 
UMTS network in various simulated environments 
using OPNET MODELER. In this the limits as 
throughput, delay are test out, based on the load 
of the network. Using the logical network the 
two scenarios has been created within its soft 
limits. 

 

 

3. Proposed Work and Simulation 

Using OPNET MODELER, construct UMTS 
logical network. This UMTS network consists of 
two scenarios, where one scenario having the 25 
UE, 4 BS’s, 1 RNC, 1 SGSN node and 4 UE 
nodes performing the trajectory moment while 
another scenario having the 57 UE, 7 BS’s, 1 
RNC, 1 UMTS SGSN node and 9 UE performing 
the trajectory moment.  

   

Figure 2 Normal traffic scenarios (UMTS logical 
network) 

Fig. 2 shows the normal traffic load network 
structure where total 4 UE’s change their position. 
As well see the 2D movement of mobile nodes. In 
Global statistics, ATM load and Throughput 
(pkts/sec), GPRS attach delay are test out. In 
Object statistics UMTS handover parameter for 4 
UE and 9 UE and their comparison are test out, 
as total active cell count, total number Of cells 
added and total number of cells removed,  

Fig3 shows the busy traffic load network structure 
where 9 UE change their place and fig. 4 shows 
the animated view of the UE’s moving in a way 
within the busy traffic network and how the 
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handover takes place in that a UE E has the 
longest path to reach to destination. F, H, I keep 
up the shortest path. A, B, C, D having the 
average path for the movement. 

 
Figure 3 Heavy/Busy traffic scenarios (UMTS logical 
network) 

Figure 4 Movement of UE 

Due to longest path UE E is unable to maintain 
connection with SGSN. To maintain a connection 
with SGSN increase the time of “Timer 3670” 
After increasing timer value to 60 sec, SGSN is 
able to maintain their connections with E UE.The 
simulation parameters are shown in table below: 

 

 

 

 

Parameter Value 

Transmission 
Range  

1000 m 

Data Rate  20  mbps 

Simulation 
Time 

4  min 

Number of 
nodes 

25(normal) /  5(busy) 

Environment 
Size 

Logical area 

Traffic Type Constant Bit Rate 

Seed  128 

Values 
Statistic  

100 

Update 
Interval 

550000 

Mobility 
distance 
threshold 

5.0 

Simulation 500000 events 
Based on Kernel type preference 

Packets per 
interval 

3 

Trajectory 
Inf. 

Random 

Area of 
Movement 

Within soft limits of the logical 
network  

Events 957,486(normal) / 
6,234,364(busy) 

Speed 64,023(normal)/66,003(busy) 
(events/sec) 

No. of runs  10 

Host  Local Host 

Port Offset 0 

Timeout 
(sec) 

5 

   Table 1.Simulation Parameters 
 

Global Statistics: Test out the UMTS parameter 
that includes ATM throughput and load (pkts/sec), 
GMM GPRS attach delay. 
 

Fig.5 shows the UMTS ATM throughput and load 
(pkts/sec) of both the scenario. This represents 
the ratio of the number of bits received to the 
current simulation time for all modules of this 
type. X-axis shows the time (sec) and the Y-axis 
shows the bits/sec. The upper most represents 
heavy traffic, lower represents low traffic 
throughput and load. 
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Here it shows as the load is in the network 
throughput is sends in both the scenario. There 
will be a seamless handover support in entire 
network. 

Figure 5 UMTS ATM throughput and laod (pkts/sec) 

Figure 6 GPRS attach delay 

Fig.6 shows the global statistic for the delay 
experienced by the UEs and their SGSNs during 
UEs' GPRS attachment ways. The delay is being 
measured from the moment when the UE sends 
its first GPRS Attach Request message (it may 

be re-transmitted if needed) to the SGSN node 
until the moment when the SGSN receives the 
GRPS Attach Complete message from the UE, 
which indicates the end of the procedure. This 
statistics will have only a single value for GPRS 
attachment during the simulation duration.  

BSH= Busy soft handover 
NSH= Normal soft handover 
(BSH)t = Busy soft handover at time t 
(NSH)t = Normal soft handover at time t 
At time = 40 sec 
In BSH= 1.3  
In LSH= 1 

Due to more number of user require handover in 
the high traffic network scenario, the GPRS 
attach delay is experience more. 

Object Statistics: - In this the comparison of 
UMTS handover limits are test out. In UMTS 
Handover the comparison of limits as active cell 
set count, cell added to active set and cell 
removed from the active set, end to end delay 
acquire are test out. As normal traffic network 
have the 3 UE random movements and the busy 
traffic network have the 10 UE random 
movements. The graphs are test out as a result of 
the same 3 UE in both the scenario i.e. A, D and 
E.  

 Moving Average UMTS Parameter for 
comparison  

 
Fig. 7 shows the active cells count at the 4 UE’s 
A, B, D, E. The graph shows 
comparison between these 4 UE’s in both the 
scenario and what effect it will have within busy 
traffic scenario as compare to the normal 
traffic scenario. This statistic reports the number 
of the cells in the Active Set of the 
surrounding UE which varies during 
soft handover. 

From the beginning, each UE has connection to a 
single Node-B. So, the statistic starts with an 
initial value of 1. Then, throughout the 
simulation, when an addition or removal takes 
place to/from the Active Set, therefore the new 
count of the cells after this operation is recorded. 
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In this fig. the statistics vary in the range of the 50 
sec. 

In A cells varies 
(BSH) (4) > (NSH) (2) 
In B cells varies 
(BSH) (4-4.5) > (NSH) (1-1.5) 
In C cells varies 
(BSH) (4.5) < (NSH) (2.2) 
In E cells varies 
(BSH)(4.3) > (NSH) (2) 

So, in the busy traffic network due to high traffic 
there is more number of cells in the active set 
surrounding UE as compare to the normal traffic 
network. 

 

Figure 7 Comparison of UMTS Handover Active Set 
Cell Count between 4 UE in both the scenario 

Fig. 8 shows the Cell IDs of the cells that are 
added to the Active Set of the surrounding UE 
throughout the simulation initially and during 
handovers. Cell ID information is recorded at the 
simulation time when the addition takes place. 
The fig. measure up to the number of cells 
between the three UE’s in both the scenario and 

evaluate the total cells added. The statistics vary 
in the range of 50 sec. 

At time=40sec 
On A cell added 
(NSH)t (1.3) < (BSH)t (3) 
On B cell added 
(NSH)t (3) > (BSH)t (2) 
On C cell added 
(NSH)t (3) < (BSH)t (1) 
On E cell added 
(NSH)t (5) < (BSH)t (3) 
 

 

Figure 8 Comparison of Handover Cell Added to 
Active Set between 4 UE In both the scenario 

To support seamless handover more number of 
cells is added in the heavy load network. 

Fig. 9 shows the Cell IDs of the cells that are 
removed from the Active Set of the surrounding 
UE throughout the simulation or during 
handovers. In the low traffic scenario in the node 
B and E no cells are removed. 

At time =40 sec 
On UE A cells removed 
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(BSH)t (1.7) < (NSH)t (3) 
On UE B cells removed 
(BSH)t (3) >(NSH)t (0) 
On C cells removed 
(BSH)t (0) < (NSH)t (2) 
On E cells removed 

(BSH)t (1.7) > (NSH)t (0) 

 

Figure 9 Comparison of UMTS Handover Cell 
Removed to Active Set between 3 UE in both the 
scenario 

Because of diminutive traffic in the low traffic 
network, minimum cells are removed. By adding 
one more Node B within the busy traffic network 
there is less number of cells removed. cell 
being removed for a small amount of  time in 
busy traffic network as compared to the normal 
traffic on UE A. 

Fig. 10 shows the end to end delay at second 
[0],[1],[2]. This statistic represents the end-to-end 
delay of the IP packets from IP module of the 
sending IP nodes to the GMM/IP module of the 
destination UEs. 

 

Figure 10 End-to-End Delay at sec[0],[1][2] 

Global Statistics Packet Info:  

 Module Centric Packet Information’s. 
Nodes Packets 

Copied 
Packets  

Created 

Packets 
Destroyed 

A 478 575 160 

B 567 114 56 

D 526 425 393 

E 383 982 765 

Table 2. No. of packets at each node in the normal 
traffic scenerio 

Nodes Packets 
Copied 

Packets 
Created 

Packets 
Destroyed 

A 678 294 176 

B 307 194 154 

C 686 386 456 

D 986 406 1086 
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E 1011 496 1954 

F 9600 3875 10789 

G 13885 4167 13911 

H 11347 4296 12710 

I 775 357 1012 

Table 3. No. Of packets at each node in the 
heavy/busy traffic scenario 

 
4. Conclusions 

The analysis paper is functioning to judge the 
performance of logical network within UMTS soft 
handover conditions. The Paper conferred a 
number of results for network within nine user 
instrumentation are organized to do 
handover task in busy traffic & four user 
equipment in normal traffic load network. The 
results show comparative performance of soft 
handover in each the state of affairs. The random 
movements of the UE's, 414652 total requests 
are processed. The Soft handover gain in 
downlink transmission power was calculable for 
many sizes of the windows, i.e. adding and 
dropping threshold and their time to trigger 
values. Soft handover gain i.e. macro diversity 
threshold and macro diversity physical 
phenomenon is achieved between the 3db and 9 
db within the busy traffic and the window id set 
between the 3 db to 6 db in the low traffic 
scenario. In real situation soft handover support 
more users, when small soft handover window 
is used i.e. when the number of user increases 
then increase the density of the network. Soft 
handover improves the performance of the 
network but overhead is increase in the low traffic 
scenario. Soft handover as well as increases the 
complexity of the network. 
 

5. Future Work 

The performance of the network test out before 
implementing an oversized network and verify 
their simulation method. To cut the number of 
calls dropped in the large network, try to carry 
out the power control. Work on up the QoS of the 

network .The density of the network increase to 
support seamless handover. Once the measure 
of user will increase than degrades to a small 
degree bit QoS, therefore everybody will 
acquire same level of service. 
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