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Abstract 
 
As a result of the evolution of computer and 

networking technologies, the Third Generation 
Partnership Project (3GPP) has proposed the IP 
Multimedia Subsystem (IMS) as a key element in Next 
Generation Networks (NGN) that supports multimedia 
services in the packet switched domain. To use IMS 
services, users should register in IMS network and to 
have their information be registered in IMS 
Databases. When transport media is mobile and user 
handover in the access network, the re-registeration 
procedure is needed. This is similar to initial register 
procedure and leads to excessive transmission delay. 
In this paper a solution is introduced to reduce the re-
registration delay by reducing the number of required 
contacts with IMS Databases. We have compared re-
registration time in our proposed scheme with the 
standard scheme in OPNET modeler 10.5. Simulation 
results have confirmed better performance for the 
proposed scheme. 

 
 Keywords: IP Multimedia Subsystem (IMS), Re-
registration procedure, CSCF discovery procedure. 
 
1. Introduction 
Second generation mobile phones, originally 
supporting circuit-switched voice and data, have 
expanded in capability to 2.5G packet-mode GPRS 
data. General Packet Radio Service (GPRS) gives 
GSM users direct IP network access while achieving 
significantly higher spectral efficiency than 
previously available circuit-switched data services [8].  
Third Generation (3G) networks aim to merge two of 
the most successful paradigms in communications: 
cellular networks and the Internet. The IP Multimedia 
Subsystem (IMS) is being defined and developed by 
the 3GPP but has been adopted by bodies such as 
ETSI TISPAN (Telecoms & Internet converged 
Services & Protocols for Advanced Networks), ITU, 
3GPP2. IMS is the key element in the 3G architecture 
that makes it possible to provide ubiquitous cellular 
access to all the services that the Internet provides. 
IMS, the next generation IP based infrastructure 
enables convergence of data, video and mobile 

networks technologies. The fixed-mobile convergence 
based on IMS is feasible and widely accepted. 
To access IMS services, first IMS service provider 
should authorize the end user. This procedure 
typically requires a subscription or contract signed 
between the IMS network operator and the user. 
Second, the IMS terminal needs to get access to the 
access network. Then IMS terminal must obtain an IP 
address from IP-CAN (IP-Connectivity Access 
Networks), for example GPRS or DHCP server. After 
these two steps IMS terminal discovers P-CSCF IP 
address that will be acting as an outbound/inbound 
SIP proxy server. All the SIP signaling sent by IMS 
terminal traverses this P-CSCF. Finally the IMS 
terminal registers at the SIP application level to the 
IMS network. The IMS registration procedure allows 
the IMS network to locate the user. It also allows the 
IMS network to authenticate the user, establish 
security associations, and authorize the establishment 
of sessions. 
UE can perform re-registration procedure by sending 
a new REGISTER request. Periodic application level 
re-registration is initiated by the UE either to refresh 
an existing registration or in response to a change in 
the registration status of the UE. A re-registration 
procedure can also be initiated when the capabilities 
of the UE have changed. When transport media is 
mobile and handover occurs in the access network, 
the re-register in the IMS network is needed. This 
procedure is similar to initial register procedure and 
leads to delay in communication.  
To decrease this communication delay in [9] a 
solution is introduced that reduces the handover delay 
in macro mobility by sharing the registration 
information and call states. The optimization makes it 
possible to use the information known from previous 
REGISTER and INVITE flows. By changing access 
technology, UE obtains a new IP address and perform 
re-registration in IMS. If the P-CSCF changes during 
the handover, a context transfer is performed from the 
old P-CSCF. Thereby the new P-CSCF obtains the 
necessary information from the old P-CSCF to reduce 
the message flow. 
Authors of [10] investigate the performance of IMS 
incoming call setup. They utilize a cache at the I-
CSCF to speed up the incoming-call-setup process. 
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When the 200 OK is sent from the S-CSCF to the I-
CSCF, S-CSCF address is saved in the cache for later 
signaling, I-CSCF can obtain S-CSCF address without 
connecting to HSS. In this paper a scheme is proposed 
that reduces the re-registration delay by eliminating 
the need to contact IMS Databases. In this solution, I-
CSCF should be the same in all SIP signaling 
messages. However, the I-CSCF does not keep a 
registration state, mainly because it is typically 
considered to be serving as a load-balancing 
procedure. When a SIP proxy needs to contact another 
SIP proxy located in another network, it gets a 
different IP address of an I-CSCF, because of the 
DNS load-balancing mechanisms. As a consequence, 
I-CSCFs do not keep any state associated to 
registration. In particular, I-CSCFs are not aware of 
whether an S-CSCF is allocated to the user and what 
the address of such an S-CSCF would be. 
The rest of the paper is organized as follows: Section 
2 focuses on IMS architecture and its functional 
entities. Section 3 covers the registration and re-
registration procedure in IMS. In Section 4 we 
introduce our proposal for re-registration procedure. 
We conclude our paper and evaluate its performance 
by simulation in section 5. 
 
2. IP Multimedia Subsystem (IMS) 
Architecture 

 
3GPP has decided to use a layered approach for IMS 
architectural design. As shown in Figure 1, IMS 
network comprises transport layer, session control 
layer, and application layer. The application layer 
includes application servers and data bases and 
provides service logic for users. The session layer 
includes such functional entities that provide 
connectivity between users and applications. This 
layer provides policy decision, routing, and subscriber 
management functions. SIP servers and connectivity 
gateways are the main entities of this layer. The 
transport layer (or connectivity layer) is responsible 
for the end user’s basic access functions and rules as a 
connector between IMS core and users [2]. 

 
Fig. 1 IP Multimedia Subsystem logical Architecture 

IMS entities and key functionalities are discussed in 
the following paragraph [1], [3]: 
There are two main databases in the IMS architecture: 
Home Subscriber Server (HSS) and Subscription 
Locator Function (SLF). The HSS is the main data 
storage for all the subscriber and service-related data. 
The main data stored in the HSS includes user 
identities, registration information, access parameters 
and service-triggering information.  
Networks with a single HSS do not need an SLF. On 
the other hand, networks with more than one HSS do 
require an SLF. The SLF is a simple database that 
maps user’s addresses to HSSs. 
CSCF is a SIP server which processes SIP signaling 
and policy management in IMS. Three types of 
CSCFs are defined, each type provide different 
functionality. 
The P-CSCF is the first point of contact between the 
IMS terminal and the IMS network. All the requests 
initiated by the IMS terminal or destined to the IMS 
terminal traverse the P-CSCF. This node provides 
several functions related to security. It also performs 
SIP message compression to reduce the amount of 
data sent to or from the UE.  
Serving Call Session Control Function (S-CSCF) is 
the focal point of the IMS as it is Responsible for 
handling registration processes, making routing 
decisions, maintaining session states and storing the 
service profiles. 
Interrogating Call Session Control Function (I-CSCF) 
is a contact point within an operator’s network for all 
connections destined to a subscriber of that network 
operator. I-CSCF may optionally encrypt the parts of 
the SIP messages that contain sensitive information 
about the domain. This functionality is referred to as 
THIG (Topology Hiding Inter-network Gateway). 
The AS (Application Server) is a SIP entity that hosts 
and executes services. The AS interfaces the S-CSCF 
using SIP. Also it has ability to send accounting 
information for charging functions.  
MRF (Media Resource Function): The MRF provides 
a source of media in the home network. It is further 
divided into a signaling plane node called the MRFC 
(Media Resource Function Controller) and a media 
plane node called the MRFP (Media Resource 
Function Processor).  
The BGCF (Breakout Gateway Control Functions) is 
essentially a SIP server that includes routing 
functionality based on telephone numbers. The BGCF 
is only used in sessions that are initiated by an IMS 
terminal and addressed to a user in a circuit-switched 
network, such as the PSTN or the PLMN. 
One or more PSTN gateways that contain SGW 
(Signaling gateway), MGCF (Media Gateway 
Controller Function) and MGW (Media Gateway), 
provide an interface toward a circuit-switched 
network, allowing IMS terminals to make and receive 
calls to and from the PSTN (or any other circuit-
switched network). 
 

143



3. Registration and Re-registration in 
IMS 
 

This section describes the registration and the re-
registration procedures for IMS. The mobile station 
should perform application level registration in the 
home network, prior to any session setup. During this 
procedure, home network allocates one S-CSCF for 
the session control dynamically. Moreover, the S-
CSCF saves the P-CSCF information for the mobile 
station during registration procedure. The registration 
flow is shown in figure 2 [5]. 

 
Fig. 2 Registration procedure in IMS [5] 

 

The mobile station sends a SIP REGISTER request 
that contains its home network domain name, to the P-
CSCF. The P-CSCF discovers the entry point into the 
home network and forwards REGISTER request to 
the related I-CSCF. I-CSCF requests necessary 
information about the session from an HSS. The HSS 
performs AAA (Authorization, Authentication and 
Accounting) operations using Diameter protocol. 
Then I-CSCF selects one S-CSCF, based on received 
response from HSS, and forwards the REGISTER 
request to it. Afterward, interaction between the S-
CSCF and HSS is performed to save S-CSCF name 
and receive subscriber information. The S-CSCF 
forwards registration information to the service 
control platform and sends a 200 (OK) message at 
last.  
UE can perform re-registration procedure by sending 
a new REGISTER request in any time. Periodic 
application level re-registration is initiated by the UE 
either to refresh an existing registration or in response 
to a change in the registration status of the UE. A re-
registration procedure can also be initiated when the 
capabilities of the UE have changed. Re-registration 
follows the registration process. If the UE does not re-
register, any active session may be deactivated. Doing 
re-registration process during the session leads to 
delay increase [6], [4]. 

4. The proposal for improvement S-CSCF 
discovery procedure 
 
In this section we describe our proposed scheme to 
obtain lower delay in re-registration procedure.  
 
4.1.  Current problem in re-registration 
 
As mentioned before, like registration, re-registration 
procedure requires message passing between I-CSCF 
and HSS to obtain S-CSCF information. The I-CSCF 
shall send the Cx-Query/Cx-Select-Pull information 
flow to the HSS (Public User Identity, Private User 
Identity, P-CSCF network identifier) [5]. The HSS 
checks whether the user has been registered already, 
and returns an indication that an S-CSCF is assigned. 
The Cx-Query Resp is sent from the HSS to the 
I-CSCF. It contains the S-CSCF name. The I-CSCF, 
using the name of the S-CSCF, shall determine the 
address of the S-CSCF through a name-address 
resolution mechanism. I-CSCF then sends the register 
information flow including P-CSCF address/name, 
Public User Identity, Private User Identity, P-CSCF 
network identifier and UE IP address to the selected 
S-CSCF. As mentioned before, having S-CSCF 
address without connecting to HSS, the latency 
caused by obtaining S-CSCF address by I-CSCF can 
be decreased.  
   
4.2.  Proposed scheme  

 
Our proposed method considers that when initial 
registration procedure occurs, the S-CSCF address is 
saved in P-CSCF. For next re-registrations, I-CSCF 
obtains S-CSCF address from P-CSCF to eliminate 
interaction between I-CSCF and HSS. In the proposed 
scheme, re-registration procedure latency is less than 
traditional scheme, because I-CSCF does not connect 
to HSS to obtain S-CSCF address, instead the 
information of S-CSCF is includes in re-register 
massage sent by P-CSCF (Msg. 2 in Fig.3). 
 

 
UE P-CSCF I-CSCF S-CSCF 

2.re-register
1.re-register 

HSS 

3.re-register 
4.cx put/cx pull

5.cx put-resp/
cx pull resp 

6.Sevice control
7.200 ok 

9.200 ok
8.200 ok

 
Fig. 3 Our proposed scheme for re-registration procedure 
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4.3.  Performance of our proposed scheme 
 

The following expression gives the average 
transmission delay of SIP messages [7]. 
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where D is the end-to-end propagation delay, k is the 
number of frames contained in UDP datagram, τ  is 
interframe time, pr is the probability of packet 
retransmission, Nm is the maximum number of 
transmissions in SIP (which is fixed to 7), and Tr (1) 
is the initial value of retransmission timer which is 
doubled after each retransmission (according to SIP 
protocol). 
Registration delay in IMS consists of SIP messages 
transferring delay, queuing delay in IMS elements and 
communication delay of HSS interaction with I-CSCF 
and S-CSCF. Noticing to the diagram shown in figure 
2, one can calculate the registration delay as:  
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Where Nr is the number of required messages for 
registration, Tq is the queuing delay, Tttransm is the 
delay of transport and radio link protocols used to 
transmit SIP messages, Tinternet is the internet delay for 
transmitting SIP messages, and TDiameter is the delay of 
performing Diameter protocol by HSS, which is 
estimated as 0.599 [11]. 
Considering N as the number of required UDP 
datagram, Tttransm is calculated for transferring over 
UDP without RLP (Radio Link Protocol) as the 
following [2], [3]: 
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In re-registration procedure, there is two interactions, 
between I-CSCF and HSS, and between S-CSCF and 
HSS. These interactions use diameter protocol. 
In our proposed method, I-CSCF receives S-CSCF 
address from P-CSCF, so there is no need to further 
interaction between I-CSCF and HSS. Therefore in re-
registration procedure Tregister is modified as: 

InternetrDiameterTransmqHSS

CSCFqSCSCFqICSCFqPqSTrgister

.TNTTtT
)TTT(TNT

++++
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(4) 

The average re-registration delay versus frame error 
probability in proposed method and existing method 
is shown in figure 4. The proposed method has lower 

delay, and better performance in comparison with the 
standard method. 
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Fig. 4 Re-registration delay versus frame error probability 

 

For model validation, the curve of re-registration time 
with FER below 0.003 is shown in figure 5. 
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Fig. 5 Average re-registration delay versus FER 

4.4.  Simulation  
To investigate the performance of the proposed 
method, we have used OPNET modeler 10.5. In this 
simulation, diameter delay and processing delay are 
assumed to be 5 msec and 0.1 msec respectively. 
Simulation result for re-registration time in proposed 
method and standard method are shown in figure 6. 

Figure 5 shows that re-registration time is between 1 
and 2. As well proposed method has lower delay 
respect to standard method.  Figure 6 deduces that re-
registration procedure in our proposed method has 
lower delay than standard method. 
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Fig. 6 Average re-registration time in standard and proposed 

methods 

 

5. Conclusions 
In mobile IMS network the mobile station should 
perform application level registration in the home 
network, prior to any session setup. A re-registration 
procedure is initiated by the UE to update user 
registration information, in response to change in 
capabilities of the UE or to refresh an existing 
registration. In re-registration procedure, I-CSCF 
should query the HSS to identify the S-CSCF. In this 
interaction diameter protocol is used. This leads to 
delay in re-registration procedure, in this paper we 
proposed that, S-CSCF address is cached in P-CSCF, 
so that in re-registration procedure, P-CSCF sends the 
S-CSCF address to I-CSCF. Therefore, there is no 
need to interaction between I-CSCF and HSS. The 
simulation results show considerable decrease in re-
registration delay comparing to standard method. 
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