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ABSTRACT: The analysis of the work on the assessment of the probability-time characteristics of registration, re-

registration, connection and the provision of IPTV services in IMS (IP Multimedia Subsystem) is carried out. A 

generalized model is developed and the probability-time characteristics of servicing various classes of requests in 

functional IMS servers are evaluated. Based on the developed model, the problems of the optimal distribution of the 

total computing resource between the IMS functional servers and the assignment of service priorities to various classes 

of requests are solved. 
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I. INTRODUCTION 

Currently, the basis for building Next Generation Networks (NGNs) is the concept of integrating various 

technologies, systems and networks based on IP (Internet Protocol). This concept is also consistent with IMS (IP 

Multimedia Subsystem) technology, which at the current stage of development of ideas about NGN networks most 

closely matches them. 

         The functional diagram of the NGN / IMS network includes: a transport layer that implements access functions on 

various technologies; Session management level, including CSCF (Call Session Control Function) and HSS (Home 

Subscriber Server) subscriber database; application layer, which includes PS (Presence Server) and SIP AS (SIP 

Application Server) application servers. The CSCF module includes three levels (functions) [1]: 

1. Proxy CSCF (P-CSCF): the level of interaction with the network - an intermediary for interaction with 

subscriber terminals. The main tasks are subscriber authentication and account formation. 

2. Interrogating CSCF (I-CSCF): the level of switching - a mediator for interaction with external networks. The 

main tasks are determining the privileges of an external subscriber for access to services, selecting the appropriate 

application server and providing access to it. 

3. Serving CSCF (S-CSCF): the level of service implementation is the central element of the IMS network, 

processes all signaling messages exchanged between terminal devices. 

       Functional CSCF servers exchange SIP (Session Initiation Protocol) signal messages, and Diameter is used to 

access the HSS server (Figure 1). UE (User Equipment) subscriber terminals are connected through the P-CSCF 

functional elements of the networks in which they are currently located. 
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Figure 1. Functional organization of IMS. 

 

The functional organization of IMS allows you to serve many classes of requests: re-registration, registration, 

establishing an IMS-IMS connection, establishing an IMS-PSTN (Public Switched Telephone Network) connection, 

establishing an IPTV session, and others [2]. When establishing an IMS-PSTN connection, BGCF (Breakout Gateway 

Control Function) and MGCF (Media Gateway Control Function) are involved, and MCF (Media Control Function) is 

involved in the IPTV session. 

   In the existing works, models of signal traffic [3,4] and estimates of the performance of SIP-servers under 

congestion conditions [5,6] were developed. Many works analyze the quality of service indicators of only one class of 

request. For example, a model of the registration procedure [7], a model of the re-registration procedure [8,9], a model 

for establishing a connection between IMS subscribers (IMS-IMS) [10] and a model for establishing a connection for 

the provision of IP TV services [11-13] were developed. 

This work is a continuation of the studies conducted in [7–13] and its goal is to develop a generalized model 

for evaluating the probability-time characteristics of serving multiple requests and optimizing the parameters of 

functional IMS servers. 

II.GENERALIZED REQUEST SERVICE MODEL IN IMS 

 

           A generalized request service model in IMS is represented as a BCMP network [14]. It will be an open 

heterogeneous queuing network (CEMO) with several classes of requests and service disciplines M / M / 1 at all nodes 

of the network: P-CSCF (1), I-CSCF (2), HSS (3), S- CSCF (4), AS (5), BGCF (6), MGCF (7), MCF (8), where the 

numbers of the nodes (functional servers) are indicated in brackets. 

Five request classes are considered: re-registration (1), registration (2), establishing an IMS-IMS connection 

(3), establishing an IMS-PSTN connection (4) and establishing an IPTV session (5), where the numbers of request 

classes are shown in brackets. The probability of receipt of the ith request is denoted by    . Moreover, it must be taken 

into account that    
 
       

On the basis of the query servicing algorithms described in [15], the formulas for the mathematical expectation of the 

query flow intensity for each functional server are obtained: 
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                                                 (1) 

                            

               

               

            

 

where     is the total intensity of requests. 

The number of calls per second during NNT is determined by the formula: 

  
  

                       
  (2) 

 

where N is the number of subscribers, Y is the load        is the probability of a normal conversation,       is the 

probability of a long conversation          is the duration of a normal conversation,       is the length of a long 

conversation. 

The number of IMS-IMS and IMS-PSTN connection establishment requests is determined by the formulas: 

                                                                                                   (3) 

where               are the probabilities of IMS-IMS and IMS-PSTN connection establishment requests, with  

              

Number of requests for registration and re-registration: 

                                        
 

  
                                                          (4) 

where timer T1 is 90 seconds [2]. 

During the registration procedure, HSS sends 5 authentication vectors [16], one of which is used for 

authentication during registration, 4 remaining ones will be used during re-registration procedures. Thus, after 4 re-

registration cycles, a registration procedure is required to obtain new quintuplets. Then the number of requests per unit 

of time for registration and re-registration:  

                            
          

 
                                                      (5) 

 

                           
            

 
                                                     (6) 

 

The number of requests per second for establishing an IPTV session is denoted by      . 

Thus, the probability of receipt of the ith request is determined by the formula: 

                             
  

                            
                               (7)            

 

The calculation of the probability-time characteristics of the node and network characteristics at         

              is carried out according to the well-known formulas of the M / M / 1 model [17]. 
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Let the IMS network serve 100,000 subscribers, the load is 0.3 Erlang. The average duration of a normal 

conversation is 3.30 minutes, the average duration of long conversations is 10 minutes. Ordinary conversations: 80%, 

long conversations 20%. We assume that the number of requests for establishing an IMS-IMS connection is 60% of the 

requests for establishing connections, and the number of IMS-PSTN requests is 40%. Let 30 requests to establish an 

IPTV session be received per second. The results of calculations of nodal characteristics are summarized in table 1. 

 

 

Table 1 

Summary table of node characteristics 

Characteristics 
Nodes (Queuing System МО) 

1 2 3 4 5 6 7 8 

1 2 3 4 5 6 7 8 9 

The intensity of 

applications, λ 
4607 4011 2729 6489 1939 452 452 119 

The average duration of 

service applications, b, 

ms 

0,08 0,08 0,1 0,08 1 0,08 0,08 0,08 

Node load, ρ 0,37 0,32 0,27 0,52 0,19 0,036 0,036 0,01 

Intensity of service, μ 12500 12500 10000 12500 10000 12500 12500 12500 

Timeout, w, ms 0,047 0,038 0,037 0,087 0,023 0,03 0,03 0,001 

Average residence time 

of applications in the 

system, u, ms 

0,127 0,118 0,137 0,167 0,123 0,083 0,083 0,081 

Average order queue 

length, l      
216 152 101 565 45 1 1 0,1 

 

Based on the algorithms for servicing the classes of requests in question, formulas are obtained for calculating 

the average time spent (delay) of requests in the network: 

                                             

                                           

                                                                                (8) 

                                                      

                                        

 

Figure 2 presents graphs of the dependence of the average request delay time on the load for the requests in 

question with a uniform distribution of the total computing resource IMS between its functional servers. 
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Figure 2 - The dependence of the average time delay of requests from.load at various requests uniform distribution of 

computing resources. 

 

Figure 2 shows that, with loads greater than 0.17, the average delay values for requests to establish SIP-SIP 

and SIP-PSTN connections sharply increase. This is because when the distribution of the total computing resource is 

evenly distributed, the functional IMS servers are loaded unevenly (Figure 3). 

 

Figure 3 - Dependence graph of the load of functional servers 

IMS from load with uniform distribution of the total computing resource. 

 

At a load of 0.18, the S-CSCF load approaches one, while other functional servers are not overloaded. 
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The probabilistic-temporal characteristics of request servicing can be improved by optimally distributing the 

total computing resource between functional servers and assigning priorities to requests when servicing them. 

 

III. OPTIMAL DISTRIBUTION OF SHARED COMPUTING RESOURCES BETWEEN IMS FUNCTIONAL 

SERVERS 

 

It is necessary to optimally distribute the total computing resource (the total intensity of service requests) in 

order to balance the load of functional IMS servers. 

               According to the “square root" rule [18], we determine the optimal values of service intensities         for 

applications in IMS functional servers with a total service intensity     : 

                                         
            

    
 
   

                                          (9) 

                                
 

    
   

 
                                                         (10) 

where: R is the total load of the IMS subsystem; 

  - the intensity of requests for input of the i-th functional server. 

             The result of the determination of          is an increase in the area of stable functioning of IMS (Figure 4). 

 

 
Figure 4 - Graph of the average delay time of requests in IMS from load with optimal distribution of total  computing 

resource. 

 

IV. OPTIMAL PRIORITIZATION OF SERVICE REQUESTS IN FUNCTIONAL IMS SERVERS 

 

          In the theory of schedules, it is proved that a minimum of average response time (delay) is provided if the work 

(request servicing) is performed in increasing order of their complexity. Serving requests in order of increasing their 

complexity provides a shorter average delay time compared to the average delay time when servicing requests in the 

order they are received (FIFO). The planning algorithm based on the use of this rule is called the SJF algorithm 

(Shortest Job First, Shortest Job First) [18]. This position can be used to schedule the servicing of various requests in 

IMS servers. 

Thus, in accordance with the SJF, service requests in the IMS must be performed in increasing order of their 

complexity. With an increase in the complexity of the request, the time of its servicing increases. 

Let M enter the server with the simplest query flows with intensities            and the service time of the 

queries of each query flow has the expected value           . Each type i stream creates a server load     
           . The average waiting time for requests with priorities           is determined by the values [17,18] 
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   ,                                                      (11) 

where:                             and                      - downloads created by 

streams                and           . 

The average delay time of requests with priorities k = 1,2, ..., M, is determined by the values 

                              ,                                                            (12) 

 

The total average delay time of all requests is determined as 

                                  
     
 
   

 
                                  (13) 

A measure of the complexity can be the number of calls to functional IMS servers when servicing requests. 

The complexity of the various classes of queries are shown in table 2 [19]. 

                                                                                                     table 2 

Query complexity 

№ Request Classes Complexity 

1 Re-registration (rereg) 9 

2 Registration (reg) 18 

3 Establishing a sip-sip connection 45 

4 Establishing a sip-pstn connection 66 

5 Service Delivery (iptv) 16 

 

The distribution of priorities between request classes during their servicing in IMS functional servers is given 

in Table 3 [20]. 

Table 3 

Request Service Prioritization 

Functional IMS Servers                        Request Classes 

SIP-SIP SIP-PSTN reg re-reg IPTV 

P-CSCF 4 2 3 5 1 

I-CSCF   1 2  

HSS 1  2 3  

S-CSCF 5 2 3 4 1 

AS 3 2   1 

BGCF  1    

MGCF  1    

MCF     1 

 

Based on formulas (11-13), we obtained graphs of the dependence of the total average request delay time on 

load (see Figure 5). 
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Figure 5 - A graph of the dependence of the total average time delay of requests on the load with a priority and priority 

discipline of service. 

Figure 5 shows that the priority discipline of servicing requests in increasing order of their complexity reduces 

the overall average latency of requests to 1.2 times compared with the priority discipline of service. 

V. CONCLUSION 

Based on the results of the study, the following conclusions are formulated: 

- when servicing requests, each IMS functional server participates more than once, this causes an increase in 

the intensity of requests to functional servers; this increase was taken into account in the construction of a generalized 

model; 

- when servicing a request to establish an IMS-IMS connection, during which a stream arrives at the S-CSCF 

with an intensity of 45 greater than the initial one; 

- to increase the efficiency of IMS functioning, the optimal values of the speed of functional servers were 

determined; 

- an approach is proposed for the optimal distribution of priorities for servicing requests in functional IMS 

servers. 
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