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ABSTRACT–  In this paper an analytical model for GSM/EGPRS is 

developed. It is based on the performance of M/M/C/∞/N queueing system 

with FCFS queue discipline. This model is adapted to guarantee 

GPRS/EGPRS system constraint and Internet traffic (ON/OFF traffic) 

over a single cell. The interaction of voice calls with GPRS/EGPRS 

connections is studied. Different performance parameters are calculated 

as blocking and delay probability, average throughput, average number 

of waiting users and queueing time. These performance parameters are 

obtained under different coding schemes(C-Sc) and three main radio 

resource strategies which are Complete Partitioning(CP), Partial 

Sharing(PS), and Complete Sharing(CS). The obtained results show that 

the (CP) strategy is more superior than the (PS) and (CS) strategies.  

 

1.  INTRODUCTION 
General packet radio service(GPRS) complements Global System for Mobile 

Communications(GSM) to form together a 2.5G system. GPRS implements a packet 

switching network to the existing circuit switching network sharing the original Radio 

Link and Medium Access Control protocol(RLC/MAC) structure of GSM which now 

conveys voice and data services. Enhanced GPRS(EGPRS) is an evolution of GPRS, 

offering greater data rates in the same bandwidth by using nine different Modulation 

and Coding Schemes.                                                                                                                                   
 

The challenge of the wireless network is to guarantee the desired quality of 

service(QoS) requirements for both voice and data services. This can be achieved by 

radio resource dimensioning. For voice traffic over GSM, Erlang model [1] is still the 

main tool for resource dimensioning. GPRS/ EGPRS[2], [3] network is designed to 

transmit several data services such as WAP, Web, E-Mail, FTP, etc... The traffic 

corresponding to each of these services is characterized as ON/OFF process.                                                                                                                                                              
 

Most existing analytical models treating traffic over a communication system are 

classified to two classes. The first class corresponds to "open" vision of the cell. In this 

model, the traffic in the cell is generated by infinite number of users and can be 

modeled using queueing theory [4] or Markov Modulated Poisson Process (MMPP) [5]  
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such that the arrival of traffic is Poissonian  distribution. The  second class corresponds 

to "closed" vision of the cell where the traffic is generated by finite number of users 

based on discrete time Markov chains[6], [7]or modified Engset model[8] which is a 

pure loss system model. In these models, the traffic is modeled by ON/OFF process 

following a geometric or general distribution.                                                                                                                          
 

In our study, a queueing  model with finite users, channels, and infinite number of 

waiting positions  over a closed cell is proposed. The data traffic is assumed to follow 

ON/OFF process with memoryless distribution, based on the actual GPRS/EGPRS 

system. Furthermore, the GSM/EGPRS performance parameters, e.g., delay , blocking 

probability, average queueing time and average throughput, in different radio resource 

allocation strategies are deduced. Also the effect of implementing different C-Sc are 

considered (see Table 1). Variable size of the web page and the reading time are 

considered. 

                   
Table 1. GPRS Coding Schemes [8]. 

                                                                                                                                               

C-Sc-4 C-Sc-3 C-Sc-2 C-Sc-1 GPRS Coding schemes 

53 39 33 23 RLC block radio(bytes) 

21.4 15.6 13.4 9.05 Data rate: μGPRS(kb/s) 

 

 

The paper is organized as following: in section 2, the main features of GPRS/EGPRS 

system are described; section 3 shows a brief explanation of the characteristics of 

ON/OFF data traffic model; section 4 describes the proposed analytical model and the 

derivation of the performance parameters; in section 5 the numerical results are 

discussed; and finally the paper is concluded  in section 6.                                                                                                               

 
2.  THE  MAIN  FEATURES  OF  GPRS/EGPRS  SYSTEM 

 

The GPRS/EGPRS architecture is very similar to GSM. The main difference is the 

implementation of packet switching for data transmission instead of circuit switching, 

which introduced some new components including Serving GPRS Support 

Node(SGSN) , Gateway GPRS Support Node(GGSN) and Base Station Controller 

(BSC) which must be equipped with GPRS hardware Packet Control Unite(PCU) and 

software to support the (RLC/MAC). 
 

Time slots used by GPRS/EGPRS are called the packet data channel (PDCH). The 

basic transmission unit of a PDCH is called a radio block. Nine different coding 

schemes have been defined for EGPRS. Each radio block is coded using one of these 

coding schemes. They may be used alternatively, depending on the quality of the radio 

interface.                                                                                                                    
 

To support the packet switching principle of GPRS/EGPRS, the resources of one 

PDCH are assigned temporarily to one mobile station (MS). The BSC transmits in each 

downlink radio block header an Uplink State Flag(USF) notifying  the MS with the 

downlink Temporary Block Flow(TBF). TBF is a physical connection used to support 

the transfer of a number of blocks. Each TBF is addressed by a Temporary Flow 

Identity(TFI) assigned by the network. When a TBF is assigned, the MS is informed of 
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which time slot(s) to use and its TFI address (5 bit length) so that multiplexing of 

blocks originated from different MSs on the same PDCH is possible. However, there is 

a system limit on the maximum number of MSs that can have a simultaneously 

downlink TBF( 32 per TDMA).                                                                                         

 
3.  CHARACTERISTICS  OF  VOIC/ DATA  TRAFFIC  MODEL  

 

Data sources such as WWW browsing, FTP and e-mail are elastic traffic i.e. the 

packets can be transmitted at any rate up to the limit of system capacity. These services 

are handled by GPRS/EGPRS. In the case of WWW source, the traffic generated by a 

session is characterized by ON/OFF process where the ON periods corresponds to the 

flow of E-mail messages or web pages load. The size of the web page, α(bits), is the 

size of the file which can be downloaded during the ON period. After downloading a 

WWW document (ON period), the user is consuming certain amount of time for 

reading the information (OFF period). This time interval is called reading time, τ(sec), 

(see Figure 1). 

                                                                                                                            

 

 

 

 

 
 

Figure 1:  Typical characteristic of www service.  

 

 
The Internet traffic (both ON and OFF periods)  have shown that heavy-tailed 

distributions characterize these traffics such as Pareto, Weibull and LogNormal [9], 

[10]. Many researches such as [11] compares Pareto and memoryless distributions for 

both ON sizes and OFF times and get that the average performance parameters are 

largely insensitive to the exact input distribution, only the means of the file size and 

think time duration are used in the formulas and the memoryless distributions are the 

most convenient choice. So we can use the M/M/C/∞/N FCFS queue in terms of 

exponential distribution (memoryless) and apply the solution to any other distribution 

with the same mean. 

 
4.  SYSTEM  MODEL 

 

Our model is based on M/M/C/∞/N FCFS discipline. The model is adapted to 

GPRS/EGPRS system constraints which take into consideration the maximum number 

of users that can simultaneously have a downlink TBF and the maximum number of 

users that can use a single time slot. We focus our study on resources employed for 

downlink because of the nature of data traffic.  All data users generate the same type of 

traffic i.e. Web or WAP. Each user generates an infinite number of ON/OFF sessions 

with exponential distribution for the ON sizes and OFF times (insensitive property). 

We also considered a finite number of users in a single cell and there are no re-

transmissions at the MAC/ RLC layer i.e. ideal SNR and BER.                                                                                                                                         

t 

σ  (bits) τ (sec) 

OFF period  ON period 
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Three main strategies allocating the radio resources are considered: 

I. Complete Partitioning (CP) 

II. Partial Sharing (PS) 

III. Complete Sharing (CS) 
                                                                                                         

I- CP  Strategy 
 

With CP strategy, the total channels are divided into two fixed parts between voice and 

data traffic i.e. T is the total time slots, Cd is the number of PDCHs for GPRS, Cv is the 

number of TCHs for GSM such that Cv=T-Cd. N is the total number of data users in the 

cell, m is the maximum number of GPRS users that can use a single time slot and nmax 

is the maximum number of GPRS users in active transfer and is obtained by [8]                                                                                                   
 

),32,min()(max dd mCNCn                                                                          (1) 
 

There are N users, each one alternates between ON and OFF periods. ON period size 

has exponential distribution with mean E[σ] and OFF period duration has exponential 

distribution with mean  E[τ]. Among N users a random number j(t) are in the ON state 

at time t where j(t)=0,1,2, ...,N.  This stochastic process describes the number of users 

in progress so j(t) is a birth and death process with birth and death rates of λj and µj (see 

Figure 2) respectively, which are given by: 
 

                            )( jNj                                                                                    (2)  
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where α= E[σ]/ E[τ]  
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Figure 2: State transition diagram  of GPRS  users. 

 
Let P(j) be the steady state probability that j users are in active transfer, which is 

obtained by solving the steady state equilibrium equation of the birth and death  

process : 
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where  
1])[/][(  GPRSEE            

and P0  is obtained by the normalization condition as : 
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Based on (4), other performance parameters can be derived. A new arrival is accepted 

into the system only if the number of GPRS users in the system(in queue plus those in 

service) below the maximum accepted number N otherwise the new arrival is blocked, 

thus the blocking probability is                                                                                                                                   
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The arriving GPRS user is accepted to transmit/receive data if a sufficient number of 

free recourses are available otherwise it is delayed, thus the delay probability is                                                                                
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The average queue length is identical to the average number of users in the system  
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The average number of new arrivals is 
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In our case the average throughput obtained by each user in the system is the amount of 

data that can be transmitted successfully in a given amount of time and can be obtained 

as [4] 

)(/))(-(1 )(
-

dqdBd CLCPCTH                                                   (10)      
 

The average number of waiting users is equal to the average number of users in the 

system excluding the average number of users in active transfer and is given by 

                                                  GPRSdsdw CNCN /)()(
_

           (11) 

 

Using Little's Law with (9) and (11), the average waiting time can be get as: 
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II- PS  Strategy 
 

Data users have their exclusive bandwidth but they can also use the available 

bandwidth of voice service with pre-emptive service priority for voice calls. Among 

the T available time slots a number Cd is permanently reserved as PDCHs for GPRS 

(static PDCHs) whereas the remaining (Cv=T-Cd) time slots are shared between the two 

services with pre emption for the voice service (dynamic PDCHs) where:                                                                                        
            

    ),32,min()(max mCNCn                                                     (13) 
 

where C is the static and dynamic PDCHs. Since the service time of voice calls is 

much greater than the service time of GPRS users, so the decomposition technique [4], 

[12] can be used. The essential point for this technique is the use of the voice call 

steady-state probability to describe the interaction of voice calls with GPRS 

connections.                                                                                                                        
 

We have assumed that voice calls arrive as a Poisson process with arrival rate λv and 

their call holding time is a negative exponential distribution with service rate μv. We 

further assume that, the network only dedicates one time slot per voice user and if all 

the channels are in use by other voice users the call will be blocked. Using Erlang B 

formula, the steady-state probability distribution for voice calls is: 
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vvvwhere  /   
 

The channels unused by the voice services may be used for the data services. The 

probability that ζ time slots are available for data transfer equal to the probability that 

(Cv - ζ) time slots are used by GSM voice calls. Put x=(Cv - ζ) in (14) we get:                                                                                                                                    
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Following the same procedure considered in evaluating the performance parameters of 

CP, we could get  the average queue length as: 
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                                                     (16)  

 

The average blocking probability as: 
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The average throughput as: 
 

 )(/))(1()( CLPCTH qB  


                                                            (18)                    
 

The average number of waiting users (queue length)  can be get as 
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                                                              (19) 

 

The average waiting time as: 
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                                                                 (20) 

 
III- CS  strategy 
 

In CP and PS strategies, GPRS users use a fixed number of time slots, which are not 

shared with GSM voice users. Therefore, the QoS of GSM users that are circuit 

switched is decreased. Here, we propose a complete sharing policy that prevents 

decrease in QoS for GSM users. In this policy, the data packets are permitted using all 

available free channels(η) that are not already in use by voice users where  
 

),32,min()(max  mNn                                                                        (21) 
 

Among (T) time slots which are not used by the voice calls there are η time slots may 

be used for data traffic. The probability that η time slots are available for data transfer 

equal to the probability that (T- η) time slots are used by GSM voice calls. Put y=(T- η) 

and substitute in (14) we get the probability of (T - η) time slots used by GSM voice 

calls as:                                          
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             for η=0,1,...,T                                      (22) 

 

The performance parameters of the CS strategy can calculated by the following 

equations: 

The average queue length is 
 

                  



T
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                                                               (23)  

 

The average blocking probability of GPRS users is:  
 





Cv

BB PRTP
0

)()()(


                                                                              (24) 



Nawal  EL-Fishawy  ,    Hossam  Ahmed     and     Noha Ramadan 

________________________________________________________________________________________________________________________________ 

1978 

The average throughput is: 
 

            )(/))(1()( TLTPTTH qB


                                                                    (25) 

 

The average number of waiting users(queue length) can be get as: 
 





T
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                                                                             (26)                                                    

 

The average waiting time is: 
 





T

qq TRTT
0
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                                                                                 (27) 

 
5.  NUMERICAL  RESULTS  AND  DISCUSSIONS 

 
 5.1.  The Effect Of The Web Page Size (ON Period)  
 

We will study the effect of the web page size on the queue length and the delay time of 

CP strategy. Figure 3 shows the effect of increasing the size of the web page from 

10kB to 40kB on the average queue length when the number of data users changes 

from 1 to 70, four PDCH available for GPRS users and the reading time is 12 sec. Our 

results show that the web page size has a great effect on the performance parameters, 

where increasing the web page size, increases the service time of each active user. So, 

the number of waiting users increases as the size of the web page increases as shown in 

the figure. Also the average delay time increases with the increase of the web page size 

(see Figure 4).                                                                                                          

 

 

   
 

Figure 3. The effect of the web page 
size on the queue length for CP strategy. 

 
Figure 4. The effect of the web page size 

on the queue time for CP strategy. 
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5.2.  The Effect Of The Reading Time  (OFF Period) 
 

Figures 5 and 6 show the effect of the reading time on the queue length and the 

queueing time respectively.  When the user spends more time for studying the 

information i.e., reading a web page, no data are transferred during this OFF period, 

(i.e. no downloaded traffic), and hence the delay time and the number of waiting users 

are decreased as increasing the reading time.                                                                                                                                                 

  
5.3.  The Coding Schemes Effect 
We will examine the performance parameters for complete partitioning strategies under 

four different coding schemes. The average web page size considered are 30kB, 10kB, 

and 5kB and the average reading time is 12s. The number of time slots available for 

GPRS users are 4 time slots. We assume that up to 7 users can share a single time slot 

(m=7).                                                                                                                      
 

Figure 7 shows the average delay versus the number of data users as deduced in 

Eq.(19). We notice that as the coding scheme increases the average delay decreases. 

This is because of the higher data rate of the C-Sc-4 than the other coding schemes (see 

Table1). The average delay increases as the number of data users increases but no 

delay observed before N equal 32, 5 bit length of TFI address, where the number of 

data users is below the maximum available number in the system(nmax). Figures 8 and 

9 highlight the average queue length and the total average throughput for different 

coding schemes respectively (Eqs. (16), (18)). As the coding scheme increases the 

transfer rate of the download data is increased and then every user is getting service 

faster. This led to the rapid service of the waiting users and so the decrease of the 

queue length. The average  throughput for each user in our case is rather constant and 

equal to the data rate (µGPRS), while the throughput value increases as the coding 

scheme increases.                                                                                                                                            

 
 

  
 
Figure 5. The effect of the reading time 
on the queue length  for CP strategy. 

 
Figure 6. The effect of the reading time 

on the queue time for CP strategy. 
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Figure 7. The effect of the coding 
schemes on the queue time for CP 

strategy. 

 

Figure 8. The effect of the reading time 
on the queue length for CP strategy. 

 
 
5.4.  Comparison Between The Three Different Strategies  
In this part we focus on comparing the performance parameters of the three radio 

resource strategies, where the queueing time, the queue length and the throughput are 

shown in Figures 10, 11 and 12 respectively, for C-Sc-2.. The figures are obtained 

with a number of GPRS users equals 30, the average web page size is 5kB, the 

blocking probability for voice traffic is 2%, the number of static PDCHs is 2 and the 

total number of channels equal 14 (Cv=12). By comparing the results of the three 

different strategies, it is clear that the complete partitioning has the best results in terms 

of the least delay and queue length and the highest throughput while the partial and 

complete sharing have the worst performance.                                                                                                                          
 
 

  
 

Figure 9. The effect of the coding 
schemes on the throughput for CP 

strategy. 

 
Figure 10. Comparing the queue time 

for CP, PS, CS strategies. 
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Figure 11. Comparing the queue length  
for CP,PS and CS strategies  

 
Figure 12. Comparing the throughput for 

CP,PS and CS strategies 

 
 

6. CONCLUSION 
In this paper, an analytical model for measuring the performance parameters for 

integrated voice/data services over the air interface for GSM/EGPRS system using the 

delay system for data users and loss system for voice users is proposed. Our study 

based on a simple mathematical model over a closed cell and a limited number of 

users. Three radio resource allocation strategies are examined and compared. The 

results show that the (CP) strategy has the best performance such that the queueing 

delay, the queue length, and the average throughput are more encouraging for CP than 

that of PS and CS strategies. The proposed model is more practical and close to the real 

system in comparison with the models which consider an infinite number of users and 

open vision of the cell.                                                   
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حساب معاملات الأداء لتكامل خدمة الصوت والبيانات على النظام العام لأنظمة 
 (EGPRS)ونظام خدمات الراديو للحزم العامة المتقدمة  (GSM)المحمول 

 تحت تقسيم لمصادر الصوت
 
في هذا البحث تم عمل نموذج رياضي للنظام العام لأنظمة الموبايل و نظاام دمماة حاام البياناا  

تقممة و يرتكا هذا النموذج علا  ساااأ سمان نظاام اظنتظاار الاذم يتاام بوداوم عامم ظ العامة الم
نهائي من سماكن اظنتظار و عمم محمم لكال مان المااتدممين الموداومين بالدمماة و عامم  ناوا  
الدممااة المدةةااة لهاام بحيااث تةاابل سااابقية الدممااة لأااابقية وةااول الماااتدمم  تاام ضااب  هااذا 

 بيعة النظاام موضاوا المراااة و سيضاا لمعالداة بياناا  ا نترنا  علا  سن النموذج ليتوافق مع 
يتم النظار علا  دلياا واحامط فقا   تام الأداذ فاي اظعتباار تامادل المكالماا  الةاوتية ماع بياناا  
ا نترن  لماتدممي النظامين الاابق ذكرهما  تم مرااة الكثير من معاملا  الأمان و من سمثلتها 

تأدير و متوا  كل من الكفانة و عامم المااتدممين فاي سمااكن اظنتظاار و فتارة احتمال الفقم و ال
يم مدتلفاا و سيضاا تحا  ثلاثاة مان اظنتظار  دميع المعاملا  تم تمثيلها رياضيا تح  سنظمة تكو

سهاام ااااتراتيديا  توايااع مةااامر الراميااو و ماان سمثلتهااا التقااايم التااام و اظ ااترا  الدائااي و 
 اظ ترا  التام و  م سوضح  النتائج سن نظام التقايم التام هو افضل هذط الأنظمة الثلاثة 
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