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Abstract

The IP Multimedia Subsystem (IMS) is a network architecture that consists
of different network elements linked by standard interfaces. It facilitates the
delivery of multimedia services based on Internet Protocol (IP) and makes
the integration of services with the internet much easier. It is a method
to achieve the convergence of fixed and mobile communication devices.
Optimized transmission of voice, data and video communications among
the users can be achieved using IMS architecture, independent of the user’s
location and devices. IMS enables the user to use different services in a
more efficient way in terms of energy saving. Using this technology, it is
possible to make the network distribution in a better way. It reduces the
energy consumption because of the capability to switch network whenever
possible. This paper focuses on establishment of end to end session between
two IMS terminals and analysing the performance for different applications.
The performance is measured on the basis of traffic parameters and call setup
delay. We have compared Inter and Intra IMS network based on a model that
ensures the delivery of services without any data loss and with minimum
delay.
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1 Introduction

The world of communication is emerging towards the trend that supports
integration of user with the outside world in a much easier way. IMS solves the
continuing demand of interoperability where the user can enjoy wide range of
services despite their location and access medium. Interoperability is achieved
by the convergence of fixed and mobile communication devices and networks.
Fixed-mobile convergence means a device can change its connection from one
network to another network, say wired to wireless network. While using IMS
at both the terminals, it is easier for the users to adopt any network without
any interrupt in the services. The application servers used in IMS, performs
the management operations, that basically takes care of energy consumption.
It has become the biggest challenge in today’s generation to achieve less
energy consumptive method while using multimedia. IMS mainly uses Session
Initiation Protocol (SIP), as the protocol for unifying the applications. It is
responsible for VoIP call setup and handling [1]. A standard IMS architecture
comprises of many SIP servers and Home Subscriber Server(HSS) also known
as user database [2]. HSS contains information about the user subscription and
provides subscriber’s location and IP information. The purpose of SIP is to
initiate the session among user agents. The proxy servers used in IMS are the
major part its architecture. They are collectively given the name as Call Session
Control Functions (CSCF). These functions can be further classified as Proxy-
CSCF, Serving-CSCF, and Interrogating-CSCF [3]. P-CSCF is a starting point
of contact with which the user initiates to send the call request. It provides
authentication to an user and inspects the signal ensuring that the IMS terminal
do not misbehave. S-CSCF is a SIP server responsible for registrations by
verifying the address assigned to an user. It takes a decision upon choosing
the application server to which the SIP message will be forwarded. I-CSCF is
responsible for contacting HSS to take the user location and forwarding the
corresponding response to S-CSCF.

The rest of this paper has been designed as follows: Next subsections
describe about the architecture and different processes involved related to IMS.
Section 2 discusses the related work that has been done in past. The model that
has been used in this paper, is described in Section 3. Simulation results have
been presented in Section 4 and finally the conclusions are made in Section 5.

1.1 IMS Architecture

The IMS architecture includes three separated layers, each functioning
independently. The three layers are named as:
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• Transport and End Point Layer: It is responsible for changing the format
of incoming media from analog\digital to real time transfer protocol and
SIP protocol. This layer separates the access layers from the IP network
above it. It is responsible for assigning the IP address and registering of
devices with the upper layers.

• Control and Session Layer: This layer forms the logical connections
between various network elements. As suggested by the name itself,
it controls the authentication, routing and traffic between transport and
service layer. It also provides an interface between service layer and
other services. Layer consists of two important IMS network elements
i.e. CSCF and HSS. CSCF manages the interaction among the users
with the help of SIP servers. HSS contains the whole information about
the user subscription which helps in authenticating the user with the
network.

• Application Services Layer: The application services layer consists of
several Application Servers, responsible for performing different func-
tions on user’s session. This layer is responsible for deployment of new
services in the IMS network with the existing services.

Figure 1 IMS three layered architecture
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1.2 Need of IMS

As stated earlier, IMS provides an integrated architecture for the transmission
of different multimedia services over internet protocol. The main motive
behind using the IMS architecture is to manage the network in a much
easier way. IMS provides the opportunity to network operators for delivering
more reliable and profitable multimedia services with the existing services.
It provides the facility of migration from circuit switching services to packet
switching domain. Different users can be connected as IMS terminal and the
initiated call can be easily handed off from one network to another network
without any interruption. IMS architecture is access independent therefore the
services are delivered independent of access technology [4]. It supports for
roaming between different networks. IMS has provided the options to combine
ongoing voice call with different multimedia elements like sharing photos and
videos while talking. IMS enables the single integrated network for all the
access types. Therefore the cost has come down for the service providers. The
IMS compatible systems are designed to support multiple application servers
which means that same architecture can be reused for new services that is
made to focus on actual service to be provided. The authentication process
is more simpler and has been standardized in IMS as compared to non-IMS
architecture. Once the subscriber is authenticated through IMS, it can access all
the IMS services. In non-IMS scenario each service has its own way to authen-
ticate the user. Conclusively, IMS provides a better secure connection with the
outside world giving the facility to change the communication mode smoothly.

1.3 IMS Challenges

IMS is a new emerging technology towards the evolution of user integration
with the internet. There are several challenges and objectives that can be
addressed over deployment of IMS architecture. IMS has emerged as a solution
to manage the network smoothly. Some of the challenges are mentioned below
related to the IMS architecture

• Quality Of Service (QOS): One of the major issues in implementing IMS
architecture is to enhance the Quality of service parameters, so that user
can meet its demands regarding bandwidth and delay requirements. It is
essential to provide secure connection to the user that protects it from
creating a traffic load for other users.

• Multiple Services: As stated earlier, one of the important feature of IMS
is to enable different services simultaneously. IMS is mainly designed
to achieve this purpose so that user can be able to enjoy wide range of
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services at a time. Handling of multiple services without any delay and
interrupt during the call flow has come up as a challenge before IMS.
Another issue is regarding the security of these services, IMS should be
able to provide a secure connection for each of the services.

• Authentication: IMS architecture uses a completely different methodol-
ogy to provide authentication to a set of users. Authentication process
needs to be strong in terms of security so that private data cannot be
reached to malicious agents or unethical hackers. The registration request
to IMS terminal has to be properly examined by the protocols used so
that unidentified user can be easily ignored.

• Energy Saving: The major issue in today’s world is related to energy.
Main challenge is to develop a technology considering the environmental
requirements. During the wireless transmission of any media, a lot
of energy is consumed in terms of battery power. IMS provides the
best network switching mechanism which enables it to reduce energy
consumption whenever required.

1.4 IMS Registration and Session Establishment

In order to initiate a call among the users, IMS architecture must know where
the user(User Equipment(UE)) is located. All the users must register to the
network during the activation. If the user changes its location it must re-
register to the network so that updated location can be retrieved. During the
registration process, the request is sent to P-CSCF, which is the initial point to
make contact with another user. On receiving the request, this SIP proxy needs
to locate I-CSCF to know about the user’s location and other information.
I-CSCF sends a query to HSS in order to get the subscription information about
the user. Once the registration request reaches to S-CSCF, it challenges the user
by sending an Unauthorised response, so that it can receive the authorisation
data from the user. This data is matched with the data available with HSS, and
if verified, the positive authentication response is reached back to the user.

Once the registration process gets completed, if anyone wants to establish
a session with user at the other end, it sends a SIP invite message to the first
point of contact i.e. P-CSCF. After receiving invite message, it checks for
the location of called user, whether it belongs to the same network or not. If
network is found to be same for both calling and called party, then P-CSCF
directly contacts to the assigned S-CSCF for called user. Invite message is sent
to the S-CSCF, and now S-CSCF will be responsible for the arrival of invite
message to the final receiver. But, if the called party belongs to other IMS
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Figure 2 IMS registration

Figure 3 IMS session establishment

network, then P-CSCF has to locate corresponding I-CSCF of the external
network, so that location of called party can be retrieved. I-CSCF contacts to
HSS that may contain the user’s information. If the user has not registered to
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the network or belong to some other network then HSS returns NOT FOUND
response to the query. In case when the user’s location is found in HSS, the
Invite message is sent to S-CSCF and finally delivered to the receiver. The
receiver then sends an acknowledgement to caller party, and at this point SIP
session is successfully established [5].

2 Related Work

Most of the previous work related to IMS has focussed mainly on protocol
development and complexity of SIP. However, to set up an uninterrupted
connection it is important to take into account, the call setup delay. This
analysis of delay parameter will be able to predict the data loss during the
hand off process from one network to another network. Research of Eyers
et al [6] was based on SIP call setup delay. It mainly focuses on data loss due
to UDP. Kist et al [7] presented the signalling delays, assuming the queuing
delay to be less than 5ms. V.S. Abhayawardhana, R. Babbage [8] presented a
traffic model for the IP multimedia subsystem. In this model, signalling traffic
was created to and from HSS in three processes i.e. registration, session setup
and subscription. In [9], the authors have analyzed the SIP IMS network based
on signalling delays, and their analysis was based on real time server traffic.
Other researches has mainly concentrated on network performance evaluation
based on different network parameters [10–12]. M. Melnyk and A. Jukan [13],
studied the call setup efficiency in IP wireless networks. It presented the
session forming process in IMS, where both the source and destination node
are using same technology standards.

3 Description of the Model

To evaluate the performance of IMS network model and to solve the challenges
related to it, we have designed and tested the network model in OPNET
modeler 14.0. The network is designed in such a way that all the intermediate
proxy servers have been used to complete the process of session establishment
among the users. Two IMS networks are established in different regions,
and three users are made to register with each IMS terminal. The designed
network basically consists of SIP proxy servers at each end, connected with the
Ethernet routers.As mentioned earlier, intermediate proxy servers are P-CSCF,
S-CSCF, I-CSCF, each playing different roles in establishing the session
among two users. Since, it’s a internetwork scenario, we have used IP cloud
to make a connection between the two networks. Traffic has been created by
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Figure 4 IMS internetwork scenario

Figure 5 IMS intranetwork scenario

making use of different applications with VoIP. In this model, we have used
Video Conferencing as secondary application which basically creates traffic
while transmitting voice packets from one end to another.

If any user wishes to make a contact with the user located in same network,
then the intermediate server I-CSCF will directly send invite request to the
corresponding S-CSCF. There will be no need to send a query to HSS for
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Table 1 Applications
Applications Attributes
Voice Application Encoder Scheme PCM quality speech

Voice Frames/packet 5

Compression Delay 0.02 sec

Video Conferencing Type Low resolution video

Frame Interarrival 10 frames/sec

Frame size 128x120 pixels

the user location as the called user belongs to same network. To test the
performance of session establishment within the same network, we have
created another scenario containing two users registered to the same IMS
network.All the attributes and applications are kept same as previous scenario,
the only change that has been made is, only one IMS network is present instead
of two. Since, it’s a intranetwork scenario, there is no need to use IP cloud
for the connection setup. Only Ethernet routers have been used to connect the
proxy servers and the users.

3.1 Application Services

In order to generate the traffic among the nodes, two simultaneous applications
have been used in this model. One is voice application and the another
application is video conferencing. Starting time of execution for both the
applications have been given same, so that motive of designing IMS network
can be successfully achieved.

3.2 Mathematical Delay Model

This section analyses the delay occurred at different stages for the designed
IMS networks. IMS delay collectively comprises of three types of delay named
as, processing delay, transmission delay and queuing delay.

T = tp + tt + tq (1)

where T, tp, tt and tq represents total average IMS delay, processing delay,
transmission delay and queing delay.

• Transmission delay: It is the delay occurred while transmitting signal
message from UE to P-CSCF terminal From [13], it is assumed that
there are total 8 messages included in the registration process from UE
to P-CSCF. The IMS registration transmission delay can be written as:
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tt(ims) = 8 × ttcp (2)

• Processing delay: It is the delay due to packet wrapping and unwrapping
in the network layer. The IMS processing delay can be written as:

tp(ims) = 4 × tp − UE + 10 × tp − PCSCF + 6 × tp − ICSCF

+ 4 × tp − HSS + 8 × tp − SCSCF
(3)

Here, tp-UE, tp-PCSCF, tp-ICSCF, tp-HSS, tp-SCSCF represents the delay incurred
for message processing at the respective nodes.

• Queuing delay: It is the delay occurred, because of queuing of packets at
the network nodes. The queuing model is assumed to be of type M/M/1
queuing model, in which the arrivals occurs at rate λ according to a
poisson process and a single server serves the customers one at a time
from the front. The IMS queuing delay can be written as:

tq(ims) = 4 × E(tq − UE) + 10 × E(tq − PCSCF )
+ 6 × E(tq − ICSCF ) + 4 × E(tq − HSS)
+ 8 × E(tq − SCSCF )

(4)

Here, E(tq-UE), E(tq-PCSCF), E(tq-ICSCF), E(tq-HSS), E(tq-SCSCF) represents
the expected unit packet queing delay at the respective nodes.

As a combination of all the three delays, the total IMS registration delay
can be written as:

Total IMS delay = tt(ims) + tp(ims) + tq(ims) (5)

4 Simulation Results

4.1 SIP Call Set UP Time

Figure 6 analyzes the SIP call set up time for Inter/Intra IMS networks. It is
observed that time taken in Intranetwork scenario is very less as compared to
time taken in Internetwork scenario. This is due to the fact that in Intranetwork
scenario both the users are located within the same network, that is why time
taken to process the SIP call setup request is very less. While in Internetwork
scenario users belong to different networks, therefore time taken is more, as
the location of the called user has to be retrieved first and then the request is
being processed.
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(a)

(b)

Figure 6 SIP call setup time (a) Internetwork (b) Intranetwork
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4.2 Voice Traffic Sent and Traffic Received

Figure 7 analyzes the voice traffic sent and traffic received in terms of
packets/sec for the Intranetwork scenario and Internetwork scenario. It is
observed that there is very less amount of packet loss during the transmission.
So the efficiency for both the networks is achieved very high.

(a)

(b)

Figure 7 Voice Traffic Sent and Traffic Received (a) Internetwork (b) Intranetwork
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4.3 Video Traffic Sent and Traffic Received

Figure 8 analyzes the traffic sent and received for the video conferencing
application in Intra/Inter IMS network. It is again observed that packet
loss in both the networks is negligible. Therefore, it can be concluded that
whenever the IMS network is used, simultaneous multimedia application can
be transmitted/received without any data loss.

(a)

(b)

Figure 8 Video Traffic Sent and Traffic Received (a) Internetwork (b) Intranetwork
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4.4 SIP UAC Active Calls and Call Duration

Figure 9(a) compares the total number of UAC active calls for both the
Inter/Intra network scenario. These are the calls which are activated form
user1 to user2 after the SIP request is accepted at the terminal.

Figure 9(b) compares the active call duration for both the scenarios. Call
duration is more in case of internetwork scenario as compared to intranetwork.

(a) SIP UAC Active Calls

(b) ISP UAC Call Duration

Figure 9 SIP Call Information
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5 Conclusion

As already discussed in this paper, use of IMS network makes the hand off
process much easier during the call transfer from one network to another. We
have analyzed the performance of IMS network based on the call setup delay
and traffic transferred from one user to another. In this paper IMS network
has been designed in two phases .i.e. Intranetwork and Internetwork. We
have simulated both the scenarios using OPNET modeler tool, that takes into
account all the intermediate servers like S-CSCF, P-CSCF and I-CSCF. It has
been concluded that time taken to setup a call is very less in intranetwork
as compared to internetwork. Also we have seen that there is no data loss
in both the networks for voice as well as video transfer. The use of IMS
leads to a solution of energy consumption during wireless transmissions.
It has become possible because protocols adopted by IMS mainly consider
the node according to energy consumption and also handoff techniques are
appropriately adopted by IMS to achieve the goal of energy saving wireless
environment. The network switching mechanism in IMS has been designed
in such a way that it always prefers to choose the network having high range
with less energy consumption.

For future work, we are planning to integrate this IMS network model
with other networks, to achieve the target of proper hand off while switch-
ing between different networks during a call. This IMS model may act as
intermediate network, so that call can be transferred without any interruption.
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