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Abstract— The increase in demand for real-time applications 
such as video and audio streams data transfer has resulted in 
the need to find a means of managing the increasing numbers 
of users in the mobile wireless system without affecting the 
quality of service (QoS) requirements. In their work, A. K. 
Salkintzis, C. Fors, and R. Pazhyannur, stated that one of the 
approaches to meeting the high user demands is to interwork 
two different but complementary networks, the Universal 
Mobile Telecommunication Systems (UMTS) which has a 
high mobility but low-data rate circuit-switched and packet-
switched services, and the Wireless Local Area Network 
(WLAN) which has a high-data rate circuit-switched service 
but limited mobility coverage confined to a smaller area 
called the hot-spot [1]. The idea is to interwork the two 
networks such that seamless mobility could be achieved.  

In this paper, the tight coupling of the WLAN at the SGSN 
of the UMTS for the possibility of achieving a seamless 
mobility is examined. The performance of this integration 
approach is evaluated using this QoS parameters, namely 
buffer overflow, Ethernet delay, throughput and Ethernet 
load. A simulation of this integration approach using an 
OPNET Modeler 14.0 is performed and the simulation 
results analyzed. We performed a simulation of the WLAN 
AP tightly coupled to the SGSN node of the UMTS network. 
Also performed in this research are simulations of different 
scenarios of the tight coupling approach at the SGSN by 
varying the number of users in the integrated UMTS and 
WLAN network to show the effect the number of users 
connected to both networks has towards achieving seamless 
mobility in the interworked network. From our study  review 
and the simulation results of this interworking approach, we 
propose that coupling the WLAN AP and the UMTS network 
at the SGSN of the UMTS, and using a suitable mobility 
protocol, has the possibility of providing a seamless mobility 
between these complementary networks. 
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I.  INTRODUCTION  
 

According to Jamalipour, A., the UMTS network is a third 
generation (3G) network providing subscribers of the 3G 
network with a large coverage and high mobility but low-
data rate packet and circuit-switched services. The UMTS 
network can therefore handle the high capacity demand from 
users in large metropolitan areas [2]. The WLAN has high-
data rate circuit-switched services but limited coverage 
usually confined within a smaller area called a Hot-Spot. 
Therefore, the data rate when taken into account makes the 
WLAN preferable over the UMTS network but the UMTS is 
more favourable for provision of services to users spread 
over a large region. Achieving seamless mobility between 

the UMTS and WLAN networks has so many challenges and 
among these challenges is minimizing data dropped during 
handover between the heterogeneous networks. As 
integration of both networks allows users to roam between 
the two networks, limiting the number of roamers that could 
be allowed into the WLAN network at any point in time is 
essential to avoid data bursts in the WLAN. This research is 
exploring the possibility of achieving a seamless mobility 
between integrated 3G and WLAN networks by considering 
the number of users that should be connected to the 
interworked networks at any point in time. This would 
ensure that the amount of data dropped during data 
transmission is reduced, resulting in a minimal delay in data 
transmission and consequently, a high throughput. 

According to Rizvi, S et.al, the SGSN of the UMTS 
network has among its functions session and mobility 
management. The WLAN and UMTS networks could be 
coupled at the GGSN, SGSN or RNC of the UMTS 
network [3]. However, coupling the WLAN AP at the 
SGSN of the UMTS has the possibility of offering users an 
efficient seamless mobility as the SGSN handles the session 
and mobility management in the UMTS network. With this 
function of the SGSN, another factor to be considered 
towards achieving a seamless mobility should now be on 
the choice of mobility protocol to be used. 
 

II.  MOBILITY MANAGEMENT PROTOCOLS 
 

The Internet Protocol (IP) stack consists of different layers 
and between each layer are mobility protocols which are 
unique from other mobility protocols between any other 
two layers. The mobility protocols explain the intra/inter-
technology handoffs within and between the networks. 

A.) Mobile IPV4 : Mobile IPv4 is a network layer 
mobility protocol that uses two IP addresses whereby 
one of the IP addresses is used for unique 
identification of the client and the other specifies the 
clients’ current location in the network. As stated by 
Schmidt, A.L., the first IP address is the Home 
Address (HA) doesn’t change and used for 
identification of the client within the network. The 
second IP address called the CoA is a temporary 
address that specifies the clients’ current location [4]. 
As stated by Perkins, C.E., the mobile IPv4 has been 
effective in managing mobility of a client between 
networks but it has some shortcomings and these 
includes triangular routing, tunnelling overhead, 
deployment and security issues [5]. 
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B.) Mobile IPv6: According to Schmidt, A.L., unlike the 
Mobile IPv4, the FA have been removed in the 
Mobile IPv6 to create a simpler network configuration 
while still incorporating the HA feature and also 
performing encapsulation of packets of data as seen in 
the Mobile IPv4 [4]. 

C.) mSCTP: The mSCTP was introduced as an 
alternative to the network layer in providing a 
seamless mobility. With this protocol an end-to-end 
communication is established between two or more 
applications running in separate hosts. 

D.) Session Initiation Protocol: According to 
Demyttenaere, M. & Legault, S., the Session Initiation 
Protocol (SIP) is a signalling protocol and an 
application layer mobility protocol useful in managing 
multimedia streams which includes shared 
applications, video and audio streams, distributed 
applications, etc. [6].  

Table I. Delay values for the mobility protocols [4] 

 

Based on the previous findings by Schmidt, A.L., the 
numerical delay values in table I. have been established 
for the mobility protocols [4]. 
 

III.  NETWORK SIMULATION AND RESULT 

ANALYSIS  
 

In the design of the network models for the integration of 
the WLAN and the UMTS networks towards achieving a 
seamless mobility when the WLAN is tightly coupled to 
the SGSN of the UMTS, these three stages are involved in 
basic network modelling; project modelling, node 
modelling and process modelling. 

For the purpose of this research, the client could either 
be located in the WLAN or UMTS network but for 
practical reasons the clients is assumed to be initially 
located in the WLAN network. During the course of 
communication between the server and the client, the 
client changes location from WLAN to the UMTS 
network. Theoretically, it is possible for the server to 
change location but for the purpose of this research it is 
assumed that only the client could change location while 
the servers are fixed in their positions. When the client 
changes location it sends a location update to its home 
network, and in this case, the WLAN network and some 
sort of mobility protocol is required for the 
communication between the client and server to continue 
unaffected due to the client’s change of location. 

 
A. Simulation Tool and Parameters 
The network modelling and simulation tool used in this 
research is OPNET Modeler 14.0. The OPNET Modeler 
14.0 has well defined user interface as well as a rich set of 
modules enabling users to create a simulation environment 
by placing the needed object modules in a workspace.  

Configuration 

Profile: Soft Development 

Specifications: Operation Mode – Simultaneous, Start 
Time (Seconds) – Uniform (15, 20), Duration (Seconds) - 
End of Simulation, Repeatability- Once at Start Time. 

Applications: Email (Light) – Start Time Offset (Seconds) 
– exponential (10,000), Duration (Seconds) – exponential 
(50), Repeatability – unlimited.                         

                        Database Access (Heavy) – Start Time 
Offset (Seconds) – exponential (1200), Duration (Seconds) 
– exponential (10), Repeatability – unlimited. 

                        File Transfer (Light) – Start Time Offset 
(Seconds) – uniform (5, 10), Duration (Seconds) – End of 
Last Task, Repeatability – unlimited. 

Profile:  Telecom 

Mobile IPv4 Path Delay (ms) 

Client-server Client – foreign agent – server 50 
 
Server-client Server – home agent – foreign agent – 
client 75 
 
Location update Client – foreign agent – home agent – 
foreign agent – client 100 
Mobile IPv6 Path Delay (ms) 

Client-server Client – server 25 
 
Server-client Server – client 25 
 
Location update Client – home agent – client and 
client – server – client (client-initiated) 50 
Server – home agent – client – server – client (server-
initiated)               100 
Average                                                                                                        
75 
Msctp Path Delay (ms) 

Client-server Client – server – client 50 
 
Server-client Server – client – server 50 
 
Location update Client – server – client – server – 
client – server – client150 

SIP Path Delay (ms) 

Client-server Client – server 25 
 
Server-client Server – client 25 
 
Location update Client – home SIP server – client and 
client – server – client 50 
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Specifications: Operation Mode- Serial (Ordered), 
Uniform (20, 80), Exponential (900), Repeatability – Once 
at Start Time. 

Applications: Voice over IP Call (PCM) – Start Time 
Offset (Seconds) – exponential (10), Duration (Seconds) – 
End of Profile, Repeatability – unlimited. 

Node Model: 

Wireless LAN Workstation 

Node: Ethernet Workstation: wlan_station_adv 

Wireless LAN Parameters: 

BSS Identifier: Auto assigned 

Supported Application: Supported all services 

Access Point Functionality: Disabled 

Operation Mode: 802.11g 

Data Rate (bps): 11Mbps 

Transmit Power (W): 0.005 

WLAN Access Point (AP) 

WLAN AP: wlan_ethernet_slip4_adv 

BSS Identifier: Auto assigned 

Supported Application: Supported all services 

Access Point Functionality: Enabled 

Data Rate (bps): 11 Mbps 

Transmission Power (W): 0.005 

UMTS Workstation 

UMTS Workstation: UMTS UE Workstation 

Processing Speed Multiplier: 1.0 

Workstation Address: Auto assigned 

Node B 

UMTS Node-B ID: Auto assigned 

UMTS CPICH Transmission Power: 1.0 

UMTS Cell Pathloss Parameters: Default 

Radio Network Controller (RNC) 

Node: umts_rnc_ethernet2_atm2_slip2_adv 

Serving GPRS Support Node (SGSN) 

Node: umts_sgsn_ethernet_atm9_slip 

Gateway GPRS Support Node (GGSN) 

Node: umts_ggsn_atm8_ethernet8_slip8 

Internet  

Internet: IP Cloud_32 

Gateway Router 

Node: ethernet4_slip8_gtwy_adv 

Server 

Server: Ethernet Server 

Supported Application: Supported all services 

Connection Links 

Node B – RNC: ATM OC-3 link  

RNC – SGSN: ATM OC-3 link 

• ATM OC-3 link supports 155.52 Mbps data rate. 

SGSN – GGSN: PPP DS-3 bi-directional link 

GGSN – IP Cloud_32: PPP DS-3 link 

WLAN AP – GGSN or RNC: PPP DS-3 link 

• PPP DS-3 link supports data rate up to 44.736 
Mbps. 

WLAN AP – SGSN: 100 Base T link 

Gateway Router – IP Cloud_32: PPP DS 1 link 

Gateway Router – Ethernet Server: 100 Base T link 

B. Performance Metrics  

In our simulation, we examined the performances of the 
different tight coupling approaches in the UMTS and 
WLAN integration using these performance metrics (QoS 
parameters): 

• Data Dropped (Buffer Overflow) 
• Ethernet Delay 
• Throughput 
• Ethernet Load 

Another aim of this research paper is to find a means of 
minimizing packet losses during communication in the 
UMTS and WLAN integration when the WLAN is tightly 
coupled to the UMTS at the SGSN of the UMTS. 
Therefore, we have taken into account the data dropped 
(buffer overflow) performance metric to enable us 
determine how to ensure that less data, or possibly none, is 
dropped during communication between the nodes.  
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Ethernet delay also plays a crucial role in determining the 
quality of communication that could be achieved using the 
different interworking schemes. This is to ensure that 
session continuity could be achieved as communication 
flows from the WLAN to the UMTS and vice-versa, 
uninterrupted.  

Another important parameter we have chosen for our 
performance metric is the throughput. With delays and 
other performance metrics chosen examined, the 
throughput in the integration scheme indicates the 
information that has successfully been exchanged between 
the nodes, hence, establishing the end-point of the 
communication. 

Finally, we have chosen to include Ethernet load in our 
simulation as a performance metric to enable us examine 
how the different integration schemes reacts under 
different loads. Regulating the load can allow for efficient 
communication between the UMTS and WLAN networks. 
 
In the simulated network model shown below in Fig. 1.1, a 
total number of 22 mobile nodes are simulated to be 
accessing either of the two networks. An initial number of 
10 WLAN workstations are assumed to be connected to 
the WLAN AP while 12 UMTS UE are assumed to be 
initially connected to the UMTS Node B. The Wireless 
LAN AP’s BSS identifier is set to auto assigned.  

Similarly, the tight coupling approach is simulated with 
the WLAN AP connected to the UMTS network at three 
(3) different components of the UMTS network, namely 
GGSN, SGSN and RNC. According to a research journal 
published by 3GPP, the consequence of the tight coupling 
approach is that the WLAN data traffic has to flow 
through either the UMTS or the WLAN network before 
reaching the external PDN. The performances of the three 
different simulated tight coupling approaches vary due to 
different functionalities of these UMTS components [7].  
The number and layout of the workstations in these 
simulated tight coupling approaches are designed to be the 
same in all the simulated networks. Fig. 1.0 illustrates the 
tight coupling approach when WLAN AP is linked 
directly to the GGSN component of the UMTS. 

  

Fig. 1.0 shows the tight coupling approach at the 
GGSN of the UMTS network  

Another tight coupling approach is where the WLAN AP 
is attached to the SGSN component of the UMTS network. 
According to M. Buddhikot, G. Chandranmenon, S. Han, 
Y. Lee, S. Miller, the tight coupling of the WLAN AP to 
the SGSN component of the UMTS network enables the 
WLAN to act as an 802.11b access point as well as an 
additional function of a radio access network (RAN) [8]. 
Here, the WLAN does not appear as an external PDN 
unlike the GGSN-WLAN coupling approach where the 
WLAN appears as an external packet data network to the 
UMTS network. Therefore, the WLAN is required to have 
the capacity to process UMTS messages in the SGSN-
WLAN coupling.  

Fig. 1.1 illustrates the designed network model for the 
tight coupling of the WLAN AP to the SGSN of the 
UMTS network. 

 

Fig. 1.1 illustrates the tight coupling approach at the 
SGSN of the UMTS network 

Finally, tight coupling of the WLAN network to the 
UMTS network can take place at the RNC component of 
the UMTS network. The simulated network for tight 
coupling of the WLAN AP to the RNC component of the 
UMTS network is designed with equal number of 
workstations as stated in the previously mentioned tight 
coupling approaches. 

The Fig. 1.2 illustrates the tight coupling approach when 
the WLAN AP is directly attached to the RNC of the 
UMTS network.  

 

Fig. 1.2 illustrates the tight coupling approach at the 
RNC of the UMTS network 
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The designed network models for the coupling approaches 
are simulated and the simulation results displayed in 
graphical forms. The outputs of the tight coupling 
approaches are compared using some QoS parameters to 
determine the performances of these tight coupling 
approaches. These results are explained below: 

A simulation performed with different number of users at 
the WLAN network, when the WLAN is interworked with 
the UMTS at the SGSN component of the UMTS, 
indicates that the interworked networks will experience a 
minimal data dropping (buffer overflow) when moderate 
number of users are connected to the WLAN network at 
any point in time. The simulation results are shown below; 
 

 
 
Fig. 1.3 Interworked WLAN buffer overflow for Tight  
coupling at the SGSN 
 

Fig. 1.3 is a graphical simulation result showing the 
interworked WLAN buffer overflow for tight coupling of 
the WLAN AP to the SGSN of the UMTS network. In the 
graphical result; 

1.) The blue (C) pattern represents the tight coupling of 
the WLAN AP to the SGSN of the UMTS network for 
22 users. Here, only 10 out of the 22 users are initially 
connected to the WLAN while the remaining 12 users 
are connected to the UMTS network.  

2.) The red (A) pattern represents the tight coupling of 
the WLAN AP to the SGSN of the UMTS network for 
44 users. Here, only 20 out of the 44 users are 
connected to the WLAN while the remaining 22 users 
are connected to the UMTS network. 

3.) Finally, the green (B) pattern represents the tight 
coupling of the WLAN AP to the SGSN of the UMTS 
network for 52 users. Here, only 20 out of the 52 
users are connected to the WLAN while the remaining 
32 users are connected to the UMTS network. 

From the simulation results, we observe that in the tight 
coupling of the WLAN AP to the SGSN of the UMTS 
network with fewer numbers of users resulted in a reduced 
data dropping, compared to when the number of users is 
high, thereby reducing the delay in data transmission while 

increasing throughput in the WLAN network. This is as 
shown below on the Fig.1.4 and Fig.1.5: 

 
 
Fig. 1.4 Interworked WLAN delay for Tight coupling 

at the SGSN 

 
 
Fig. 1.5 Interworked WLAN Throughput for Tight 
coupling at the SGSN 

 
IV. CONCLUSION  

 
This research paper evaluated the existing UMTS and 
WLAN integration when the WLAN AP is tightly coupled 
to the SGSN of the UMTS network for the possibility of 
achieving a seamless mobility between these 
heterogeneous networks. From our simulation results, the 
performance of the interworked networks improved when 
the number of users in the integrated network is regulated. 
This enhanced the possibility of achieving a seamless 
mobility when the WLAN AP is tightly coupled to the 
SGSN of the UMTS network since minimal delay in 
transmission is essential for a user in either of the 
integrated networks to switch into the other network.  

Future work should focus on finding the appropriate 
mobility protocol that could provide users the lowest 
latency handoffs when the WLAN AP is tightly coupled to 
the SGSN of the UMTS network as the SGSN handles 
session and mobility management in the UMTS network. 
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Therefore, we propose the below-listed factors should be 
considered, namely; 

1.) Number of Users in the WLAN: 

The traffic generated by the users on the WLAN 
network determines the handoff delay and 
throughput. As the WLAN network offers users a 
higher data rate transmission compared to the 
UMTS network, there is a tendency for the data 
traffic in the WLAN network to be higher than 
the data traffic in the UMTS network in order to 
quicken transmission when the users are within 
the WLAN hotspot. Subsequently, this also will 
result in some of the data being dropped during 
communication, mostly through channel bursts. 
Therefore, it is important that the number of 
subscribers and roamers in the WLAN network 
are regulated to enable efficient use of the 
channels in the integrated UMTS and WLAN at 
any point in time. 

2.) Mobility Protocol:  

The Session Initiation Protocol (SIP) and the 
Mobile Internet Protocol v6 (MIPv6) have the 
least delays between client and server compared 
to other mobility protocols. SIP performs well for 
real-time applications but runs only on the UDP 
while the MIPv6 runs on TCP connections. The 
focus here should be on how to incorporate both 
mobility protocols in the tight coupling of the 
WLAN AP at the SGSN of the UMTS network. 
This has a tendency to make seamless mobility 
feasible taking into consideration the least delays 
in transmission between the client and the server 
when these mobility protocols are used. 

3.) Communication Channel: 

The channel capacity plays a vital role in 
determining how much delays the packets 
undergo during the handoffs between the UMTS 
and WLAN networks. It has been observed in 
previous experiments that the entire network 
experiences more data flow at the lower parts of 
the network especially from the SGSN to either 
the RNC or the WLAN AP. As downloads are 
often requested by the user from the internet, 
therefore, appropriate links should be used to 
accommodate these high data traffics. 
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