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Introduction 
 

The 3rd Generation Partnership Project (3GPP) in 
standard release 5 (3GPP R5) introduced IP Multimedia 
Subsystem (IMS) with IETF’s protocol Session Initiation 
Protocol (SIP) for signalling. It is very important to 
investigate the performance of IMS network nodes and to 
find out the influence to quality of service (QoS) providing 
services for users which will be using 3rd generation 
mobile networks or beyond. 

3GPP R5 networks are expected to bring noticeable 
increase of signalling loads and thus correspond to higher 
prices of the core network processing nodes infrastructure. 
SIP based IMS registration signalling calculations are 
presented in [1], however, it does not cover full signalling 
load of the IMS infrastructure. Signalling loads for 3GPP 
R99 and R5 are compared in [2] and a good example of 
calculations using hit count on each node of the signalling 
network is presented in [3]. The main focus here is on 
comparison between two different 3GPP releases and 
signalling loads roaming between them. 

Our goal of this paper is to do research on signalling 
influence of IMS subsystem when service calls are 
established. We propose analytical model based on M/D/1 
queue where arrivals are characterized as Poisson process 
and service times are constant (determined). 
 
The IMS and SIP signalling 
 

IMS provides multimedia services utilizing the SIP 
protocol. Fig. 1 illustrates simplified UMTS network 
architecture; for details reader is referred to 3GPP 
documents [4]. Our work concentrates on IMS signalling 
research, so UMTS network nodes are not described in 
details here. Users with devices (User Equipment - UE) 
connect through UMTS radio access network (UTRAN) to 
the General Packet Radio Service (GPRS) in core network 
and activates Packet Data Protocol (PDP) context. The 
PDP context must be activated at UE before it can access 
the IMS network. The GPRS core network connects to 
IMS network through gateway support node (GGSN). The 
Home Subscriber Server (HSS) serves as master database 
for both networks (IMS and GPRS) and stores user related 

information for mobility, session and services management 
[4]. Activation of PDP context is not a part of IMS 
signalling, so it is omitted from our research here. The 
Media Gateway (MGW) is used by the IMS for user data 
transportation, no SIP signalling needed at this point.  

 

 
Fig. 1. Simplified UMTS network architecture to provide services 
over IMS 

 
The IMS CSCF node decomposed to four different 

nodes that will be described in more details. The first 
user’s contact point into the IMS is Proxy Call Session 
Control Function (P-CSCF). The P-CSCF acts like a SIP 
proxy and takes care of these procedures [4]: a) forward 
SIP request/response to the UE, b) generates SIP 
transaction logs, c) forward of SIP messages from the UE 
to SIP server (e.g. S-CSCF) whose name the P-CSCF has 
received during registration procedure, d) provides 
authorization of bearer resources and QoS management, e) 
SIP register request forward from the UE to an I-CSCF 
determined using the home domain name which was 
received from the UE.  

Interrogating-CSCF (I-CSCF) is the contact point at 
operator’s network for users from that network or roamed 
users which are using services and are located within 
network operator’s service area. Here are the main 
functions of I-CSCF [4]: a) the S-SCSF assignation for 
users which are performing SIP registration procedures, b) 
interrogates the HSS node during UE initiated session set-
up to get the address of the S-CSCF and forwards the SIP 
request/respond messages to it. In some cases operators 
may want to hide network topology from other operators. 
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In such cases they use a Topology Hiding Inter-network 
Gateway (THIG) in the I-CSCF and SIP requests/responds 
are forwarded to other I-CSCF (THIG) nodes which allow 
operators to maintain configuration independently. We do 
not evaluate THIG in this paper.  

Main functions of the S-CSCF are: a) acceptance of 
registration requests from UE (signalling with HSS 
needed), b) provides controlling procedures for registered 
UE sessions, it means that UE’s capabilities is not limited 
and may vary (we do not evaluate this option here), c) 
interacts with application platforms for different services, 
also with service event registration platforms, as billing 
services etc., d) performs acceptance of service requests, 
forwards these requests further if needed, e) performs 
termination or generation of SIP transactions. 

Home Subscriber Server (HSS) is the central database 
which stores user related information. Some of the HSS 
node’s functions are: a) user authentication and 
authorisation control, b) user profile information for 
available services, billing information, network access etc. 

Pre-setup procedures like GPRS attach, PDP context 
activation and CSCF discovery are used when UE is 
powered on and has to establish connection with the 
network. These procedures are not SIP procedures and are 
not evaluated in our research. 

Service Registration procedure is mandatory every 
time UE requests IMS services [1]. For brevity, we analyse 
basic service registration procedures (Fig. 2). 

 

 
Fig. 2. Service registration procedures [4] 
 

Here are the steps: 1) The UE sends REGISTER to 
the P-CSCF with its identity information. 2) P-CSCF 
examines request and sends to appropriate I-CSCF with all 
needed information. 3-6) I-CSCF then exchange user 
related and session related information with the HSS node. 
7) I-CSCF sends request to the S-CSCF with all 
addressing, identifying and network information needed 
for session establishment. 8-12) S-CSCF and HSS nodes 
exchange information about the user for particular session. 
Steps from 13 to 15 are response OK messages which 
confirm about successful procedure set-up. Need to 
mention that this is just basic registration procedure; other 
sources may provide more complex solutions with 
authorization protocols etc. We can conclude that during 
registration procedure node P-CSCF is hit 2 times, the I-
CSCF is hit 4 times, the HSS – 4 times and the S-CSCF is 
hit 3 times when user resides in its home network and 

performing a media session with the user from the same 
network. Other SIP session flow procedures are not 
detailed here.             
 
Analytical model of QoS in IMS signalling 
 

Four common call scenarios are chosen for our 
investigation. In scenario 1, non roaming subscriber from 
the home network initiates a call to subscriber from the 
same network. In other words, originating subscriber and 
terminating subscriber both are from the same network. Hit 
count to the IMS nodes for such session is presented in 
table 1. In scenario 2, originating subscriber from home 
network is initiating call session to subscriber from other 
network who is currently visiting (roaming to) first 
subscriber’s network. For the third scenario, originating 
subscriber from home network is calling to the subscriber 
from the same network but currently terminating 
subscriber is roaming to other network. In the fourth 
scenario, subscriber from the home network is initiating 
call to subscriber from the other network, both users are 
not roaming. For all these scenarios we did calculations for 
hits to each IMS nodes of SIP session flow messages and 
results are presented in table 1.   

 
Table 1. SIP signaling requests hits (kij, where i – scenario, j - 
node) on IMS nodes per different call scenarios 

Scenario 
Node Scenario 1 Scenario 2 Scenario 3 Scenario 4 

1) P-CSCF 24 24 11 13 
2) S-CSCF 25 11 25 14 
3) I-CSCF 16 4 16 4 
4) HSS 4 4 5 4 
Total hits of 
IMS signaling 69 43 57 35 

 
Overall amount of signaling requests hits on all IMS 

nodes per specific scenario call setup can be expressed by 
formula 

 

. (1) 

 

Because of signaling message structure we assume 
that the mean service times of each IMS node are equal 

 

,  (2) 
 

where  – mean service time of P-CSCF;  
– mean service time of S-CSCF;  – mean service 
time of I-CSCF;  – mean service time of HSS;  
– common mean service time of IMS system node. 
Therefore we can build an analytical model based on 
M/D/1 system and can evaluate the service time 
 

, (3) 
 

where µIMS = 2500 [req./s] – signaling request processing 
intensity [5]. Following main system parameters follow 
from the M/D/1 system [6–8] and are adapted to our 
analytical model: 
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IMSIMSIMS µλρ = , (4) 
 

where ρIMS – IMS system utilization rate; λIMS – signaling 
packet arrival rate to whole IMS system. 

The mean value ( IMSW ) of signaling request waiting 
time in the queue 
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ρµ
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−

= . (5) 

 

The mean value ( systT ) of signaling request waiting 
time in whole IMS system 
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From the (6) formula we can find signaling packet 
arrival rate to all IMS system nodes 
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This dimension will not depend on the used scenario. 
The difference will be in the arrival rates of calls and 
signaling requests to separate IMS nodes. That will depend 
on each scenario ( icallsλ  – calls arrival rate to IMS 
system) 
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The signaling requests arrival rate (λij) to separate 
IMS nodes 
 

( )
i

i IMSIMSsyst

ijIMSsystIMS

IMS

ijIMS
ij

kT

k T
k

k







 −⋅

⋅−
−=

⋅
=

2
1

2

µ

µµλ
λ .      (9) 

 

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400

2600

0,000 0,001 0,002 0,003 0,004 0,005 0,006 0,007 0,008 0,009 0,010

P-CSCF
S-CSCF
I-CSCF
HSS
IMS overall
calls

[s] T syst ,

[req./s] ,λ

 
 

Fig. 3. Possible max. amounts of processed signaling requests by 
IMS nodes and successfully handled call setup procedures 
dependence on allowed average total system delay in scenario 1 

 
From calculation results we conclude that node S-

CSCF has the most influence to the signaling delay in all 
scenarios, especially for the scenario 3 (refer Fig.  3 and 
Fig. 5). S-CSCF of the IMS becomes the bottleneck for all 

the system the mobile network for known QoS parameters, 
in our case – total delay of IMS system for processing call 
session queries in all scenarios examined in this paper. 
Other node – P-CSCF has significant influence in those 
scenarios where are users from networks roaming to 
analyzed network (visiting users). In such case, operator 
should consider for load balancing solutions of P-CSCF 
nodes (refer Fig. 4). Other nodes, like I-CSCF and HSS are 
not so loaded in scenarios with visiting subscribers (refer 
Fig. 4 and Fig. 6). 
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Fig. 4. Possible max. amounts of processed signaling requests by 
IMS nodes and successfully handled call setup procedures 
dependence on allowed average total system delay on scenario 2 
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Fig. 5. Possible max. amounts of processed signaling requests by 
IMS nodes and successfully handled call setup procedures 
dependence on allowed average total system delay on scenario 3 
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Fig. 6. Possible max. amounts of processed signaling requests by 
IMS nodes and successfully handled call setup procedures 
dependence on allowed average total system delay on scenario 4 
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Fig. 7. IMS system utilization rate dependence on allowed 
average total system delay 
 
Conclusions 
 

We calculated delay caused by the IMS to the whole 
UMTS network using M/D/1 analytical model. We found 
that the S-CSCF influenced the IMS performance the most. 

Impact of other nodes is highly related with network 
subscribers and their calling habits. If a lot of users are 
roaming from other networks, operator should evaluate the 
node’s P-CSCF capabilities. 

From the Fig. 7 we can conclude that high utilization 
level of the IMS subsystem causes high signalling delays. 
Therefore we would recommend keeping the utilization 
rate at 0,9 or less and that would cause delays about 5 
times lower than for full system utilization.  

The biggest amount of possible call setup procedures 
(from one UMTS operator's point of view) is possible 
when home user is calling to subscriber of different 

network. This amount decreases almost twice when call 
setup is made between the same network home users. 
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Tyrimo tikslas buvo išanalizuoti SIP protokolo signalizacijos operacijas IP multimedijos posistemėje (IMS) ir nustatyti įtaką 
UMTS R5 tinklo kokybiniams rodikliams. Tyrimui atlikti naudojamas IMS tinklo modelis ir analizuojama, kaip jame sklinda SIP 
protokolo signalizacijos informacija. Signalizacijos srautų analizei buvo pasirinktas M/D/1 eilių analizės modelis. Atsižvelgiant į 
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labiausiai yra apkraunamas S-CSCF mazgas. Il. 7, bibl. 8, lent. 1 (anglų kalba; santraukos anglų ir lietuvių k.). 
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