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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].

GPRS Coding schemes C-Sc-1 C-Sc-2 C-Sc-3 C-Sc-4
RLC block radio(bytes) 23 33 39 53
Data rate: pcprs(kb/s) 9.05 13.4 15.6 21.4

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, a(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, t(sec),
(see Figure 1).

T (sec) o (bits)
“«—>
- - "
OFF period ON period

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/o/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/o/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.
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Three main strategies allocating the radio resources are considered:
I Complete Partitioning (CP)
Il.  Partial Sharing (PS)
I1l.  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, Cq is the number of PDCHs for GPRS, C, is the
number of TCHs for GSM such that C,=T-Cg. 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 Ny
is the maximum number of GPRS users in active transfer and is obtained by [8]

Nax (C4) =MIN(N,32mC;) (1)
There are N users, each one alternates between ON and OFF periods. ON period size
has exponential distribution with mean E[c] and OFF period duration has exponential
distribution with mean E[t]. 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 ;and p; (see
Figure 2) respectively, which are given by:

A;=(N—=ja 2
j:uGPRS 0< J < N ax -1
[ = ©)
nmax:uGPRS max - J < N

where a= E[c]/ E[1]

Na (N-1) o (N-Npaxt2) o (N-Npgut1) @ (N-Npy) @
& 77777 < :nrna:)( " 1 ;_nm_:X " 1
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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 :

P,p'C} 0<j<n

P(j) = @

icl : Nire — ]
Pop CN'n |'nma>< max = J < N

max *
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where p = (E[0]/ E[7])tigpes
and P, is obtained by the normalization condition as :

Z piCh+ Y pCl N ®)

=N Niax

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

N
P.(C,) = POpN.ﬁ.nmax e N (6)

max*

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

ZP(J) %, . piCL. L ™

J=Nax max

The average queue length is identical to the average number of users in the system

N
L (Co)=N,(Cq) = D (i —Nm)P(i) =D, iP(]) (8)
=N +1
The average number of new arrivals is
- N
A= 2/1 P())
j=0

—E[cf]/E[r][NZP(J) ZJP(J)]

=[N-L,(C,)] EloV E[T] 9)

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]

TH(C,) = 2 (1- P (Cy))/ L, (C,) (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

N, (Cy) =N, (Cy) - Al Haprs (11)

Using Little's Law with (9) and (11), the average waiting time can be get as:
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N.(Cy) _ L, (Cy)

- =1/ ppps
2 Elc]/E[7][N - L, (C,)]

T,(Cy) = (12)

lI- 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 Cq4 is permanently reserved as PDCHs for GPRS
(static PDCHSs) whereas the remaining (C,=T-C,) time slots are shared between the two
services with pre emption for the voice service (dynamic PDCHs) where:

Npax (C) = MIN(N,32, mC) (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 A, and
their call holding time is a negative exponential distribution with service rate p,. 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:

"l
R(n)=T_€:¢ forn=0,1,...T-C, (14)
Zp\i,/i!
i=0
wherep, = 4, / 1,

The channels unused by the voice services may be used for the data services. The
probability that { time slots are available for data transfer equal to the probability that
(Cy - ©) time slots are used by GSM voice calls. Put x=(C, - {) in (14) we get:

X 1
R(&) = - 21X (15)

Zp\i, /!
i—0

Following the same procedure considered in evaluating the performance parameters of
CP, we could get the average queue length as:

L,(C) = R(&L,(C, +&) (16)
£=0

The average blocking probability as:
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Cv
P, (C) =D R(&)P:(C, +&) (17)
£=0
The average throughput as:

TH(C) = A(L- Py (£))/ L, (C) (18)

The average number of waiting users (queue length) can be get as
Cv
N, (C) = D RN, (C, +¢) (19)
£=0
The average waiting time as:

T,(C) = RE&T,(Cy +9) (20)
=0

llI- 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(n) that are not already in use by voice users where

Niax (77) = MIN(N 32, m77) (21)

Among (T) time slots which are not used by the voice calls there are n time slots may
be used for data traffic. The probability that n time slots are available for data transfer
equal to the probability that (T- 1) time slots are used by GSM voice calls. Put y=(T- 1)
and substitute in (14) we get the probability of (T - n) time slots used by GSM voice
calls as:

Yyl
R(n) = M forn=0,1....,T (22)

> py il
i=0

The performance parameters of the CS strategy can calculated by the following
equations:
The average queue length is

T
L,(T) = 2 R(7)L, () (23)
n=0
The average blocking probability of GPRS users is:

P (T) =2 R(1)P; (1) (24)
=0
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The average throughput is:

TH(T) =4~ Py (T)/ L, (T) (25)
The average number of waiting users(queue length) can be get as:
N,(T) = RN, () 29
=
The average waiting time is:
T, = R, () @
=

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).

The effect of the web page size on the gueue length The effect of the web page size on the queue time
T T T I

&0 T T T T T T T T
| H H | | + 10kB H H | | L H
---- 20kB ]
— 30kB

+ 40kB ]

Awerage queue time(ms)

0 1m = Ed) 40 50 &0 70
Nurnber of data users Mumber of data users

Figure 3. The effect of the web page Figure 4. The effect of the web page size
size on the queue length for CP strategy. 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
gueueing 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
Tablel). 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(nn.x). Figures 8 and
9 highlight the average queue length and the total average throughput for different
coding schemes respectively (Egs. (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
gueue length. The average throughput for each user in our case is rather constant and
equal to the data rate (Ugprs), While the throughput value increases as the coding
scheme increases.

Aveb page of 20kB average size Avweb page of BOKB average size
0 ‘ ' ' ‘ : L 1 : : : : 1

.
=

Average gueue time(ms)

Average gueus length

30 40
Murnber of data users Murnber of data users

Figure 5. The effect of the reading time Figure 6. The effect of the reading time
on the queue length for CP strategy. on the queue time for CP strategy.
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Aoweh page of 30KB average size and average reading time of 125 A wieh page of 10KE average size and average reading time of 125
T T T T

120

8

o
)
WG
o
w
=]

)
5]

Ayverage queue time(ms)
Ayerage gueue length

1} 10 20 30 40 50 60 70 1} 10 20 30 40 50 B0 70

Mumber of data users Number of data users
Figure 7. The effect of the coding Figure 8. The effect of the reading time
schemes on the queue time for CP on the queue length for CP strategy.
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 (C,=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.

A web page of 10KB average size and average reading time of 12s A web page of BKB average size and average reading time of 12s
22 T T T T T T
D R e BN R
:gggi I ++++J:r++++J:r++++{r++++J:r+++"§_+CP
+ C-Scd — Pg
T : : ; : + (8
g : | o
E E : : : :
= 3 = L
s g 1 B tety
4 ' ' ‘ ' ' ‘ - IR TSUI TR TOU TUUI 0
0 10 20 30 40 a0 0 70 0 5 10 15 20 5 30
Murber of data users Nurnber of data users
Figure 9. The effect of the coding Figure 10. Comparing the queue time
schemes on the throughput for CP for CP, PS, CS strategies.

strategy.
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Aweb page of 5KB average size and average reading time of 123 A web page of 5KB average size and average reading time of 12&
1
T T

T T T T T
P R R e R R e S R
+ : : :
: : : + CF

+ C3

Ay erage gueue length

Average throughputikhys)

5 i i ‘ i i
1] ) 10 15 20 2 30
Mumber of data users Nurber of data users

Figure 11. Comparing the queue length  Figure 12. Comparing the throughput for
for CP,PS and CS strategies 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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