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Abstractd] GPRS is designed for transmitting packet data and
supposed to take its radio resource from the pool of channels
unused by GSM voice services. The number of channels allocated
to GPRS is a random variable depending on the voice traffic. In
this paper, an approximation method is used for evaluating the
GPRS performance of single-dot service in the variable radio
resource. The method could be used for evaluating the GPRS
performance when the average service time of circuit switched
services is much longer than that of GPRS. The multi-slot
services cause higher blocking probability and longer delay to
the network than the single-lot service. However, those effects
can be reduced by implementing a GPRS resource allocation
scheme with flexible multi-slot services.

|. INTRODUCTION

The current method of data transmission in the pan-European
Globa System for Mobile Communications (GSM) and the
American Advanced Mobile Phone Standard (AMPS) cellular
networks is circuit switching. This technique reserves the
traffic channel for the entire communication time, and wastes
the radio resource when data traffic occurs in bursts with long
silent intervals. In the development of GSM phase 2+, the
European Telecommunications Standard Ingtitute (ETSI) has
specified a general packet radio service (GPRS) over the
GSM to increase the utilization efficiency of the radio
resource. The physical channels unused by circuit switched
services are allocated dynamically to the GPRS according to
the actual needs for packet transfers.

Earlier studies of GPRS performance found in the literature
[1-2] focus on the protocol behavior with a fixed number of
channels used for data transmission. However, the number of
channels available to GPRS is a random variable depending
on the voice traffic and the voice channels occupancy, thus,
the service statistics is a movable boundary Markov process
[3-4]. The analysis of GPRS performance is a complicated
problem especially as multiple classes of quality of service
and multiple classes of users are supported in GPRS. In this
paper, the GPRS performance, e.g., the average queueing time
and blocking probability, in the variable resource is evaluated
by an approximation method and simulations. The paper is
organized as following: in section Il, the principles of the
radio resource allocation for GPRS calls are described; in
section |11, an approximation method for evaluating the
performance of single-dlot service is introduced and the
performance of GPRS is discussed by the approximation
method and simulations; the multislot services are discussed
in detail; the conclusions are given in section [ V.

I1. PRINCIPLES OF THE RESOURCE ALLOCATION FOR GPRS

GPRS is designed to support from intermittent and burst data
transfers to occasional transmission of large volume of data.
The GPRS and GSM circuit switched services share the same
radio resource. Whenever a channel is not used by circuit
switched services, it may be utilized by GPRS. The allocation
of physical channels for GPRS can be based on the needs for
actual packed transfers which is referred to as “capacity on
demand” principle. When the packet data channels (PDCHS)
shared by all GPRS users are congested due to the GPRS
traffic load and more resource available in the cell, the
network can allocate more physical channels as PDCHs.

The GPRS does not require permanently allocated PDCHs.
The operator can decide to dedicate permanently or
temporarily some physical channels for GPRS traffic.
However, the high speed circuit switched data (HSCSD)
service supports as well multiple slot services and has higher
priority to access the physical channels. As the introduction of
HSCSD service into the GSM system, it might be difficult to
guarantee the quality of service of GPRS if no channel is
dedicated to GPRS.

The number of allocated PDCHs in a cell can be increased or
decreased according to demand. In order to implement this
principle, a load supervision function, which monitors the
load of the PDCHSs and the number of alocated PDCHs in a
cell can be increased or decreased, must be used in the
system. Upon resource demand for circuit switched services,
some PDCHs must be released as soon as soon as possible.
The release can have two alternatives:

1) Immediate Release; the GPRS user isforced to stop its
transmission until resource is available for GPRS again
and the channel released by GPRS is allocated to circuit
switched services.

2) Delayed Release: the GPRS user can continue its
transmission up to some frames or until the ending of
packet transmission, before the channel is alocated to
circuit switched services.

In the paper, the immediate release is assumed in order to
investigate the relation between the average interruption time
and interrupting probability and the GPRS traffic. If the
average interruption time and interrupting probability are low,
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the “Delayed Rel
the system.

ease” protocol can be considered to simplify

I11. GPRS PERFORMANCE EVALUATION

A. System model

For a system with m physics channels, m, channels are shared
by voice and GPRS services and my channels are dedicated to
GPRS (Fig. 1). In the pool of m, channels, when channels are
not used by voice services, those channels are used for GPRS
transmission. The voice services own preemptive priority over
GPRS, i.e., whenever channels used by the GPRS service are
needed by voice services, the GPRS transmission in those
channels is stopped until some channels are available for
GPRS. The users interrupted service have higher priority for
resource allocation than those in queue.

L1127 [ |
Voice mv

™ [ m]

Data mu

<4+ P>
Fig. 1. lllustration of radio resource structure allocated
to GSM voice services and GPRS. The number of m,
channels are shared with voice and GPRS services
and my channels are dedicated to GPRS.

Assume that voice users arrival is a Poisson process with a
rate of A, and the call service time is exponentially distributed
with a mean of 1/y,. All GPRS users share the physical
channels unused by the voice services. The arrival of GPRS
data users are assumed to be a Poisson process with rate Aq
and the service time is exponentially distributed with a mean
of 1/pg. The maximum number of data users accepted into the
system (in service and queue) is N. GPRS calls are served
according to the first in first out (FIFO) principle. The
arriving GPRS user is allowed to transmit data if a sufficient
number of free channelsis available; otherwise it is queued or
blocked.

B. An Approximation Method for Performance Evaluation

The voice services are independent of GPRS. Because GPRS
is mainly designed to transmit intermittent and burst data, the
service time of GPRS is rather smaller than that of voice
services. As an approximation, the decomposition technique
[4] can be used to analyze the GPRS performance. The
essential of this technique is to use the voice services
probability distribution to describe the interaction of voice
services to GPRS. Thus, the GPRS performance in the
dynamically variable resource is obtained by combining this
distribution with the performance in a fixed resource.

For the voice services, the probability of n usersin serviceis

A
rn=r0(—V)”i, n=12..m, 1)
u,- n

where r, = {Z( ) }_

n=0 M,

0-7803-5668-3/99/$10.00 O 1999 |EEE

The channels unused by the voice services may be used for
the data services. The probability of x channels available for
the data services is equal to that of m,-x channels used by
voice services and is obtained as by (1):
A
— “vVym-x___—
909 =" G gr mo @
For the transmission of single slot GPRS in a fixed number of
C channels, the average queueing time can be obtained from
the M/M/C/N queueing system, where N is the maximum
number of users in the system (in service and in queue). The
steady-state probability p, is:

Xx=1,2,..
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where n is the number of usersin the system, p = Ay/jlg and
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A new arrival is accepted into the system only if the number
of GPRS users in the system is below the maximum accepted
number N. Otherwise, the new arrival is blocked. The
blocking probability is
P

P (C) = Pocrone
The average number of user in the system is obtained as
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Combining (2) with (4) and (5), the average blocking
probability, throughput and average queueing time of single
dot GPRS in a dynamically varied resource are obtained as
following expressions respectively:

N

(4)

n CC
=11 CI

Ms

P=2 g(0R,(x+m,) (6)
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T= mZg(x)W(w+x)—— ®

For multiple class (dot) services, it is very difficult to analyze
the state distribution probability of queueing system evenin a
fix number of transmission channels because of the large size
of the state space. Here, we use simulation to evaluate the
performance.
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C. Numerical and Smulation Results

For single dlot service, the results from the approximation and
simulation are presented, but for multiple slot service, only
results from simulation are given.

In the numerical calculations and simulations, 4 carriers, i.e.,
4x8=32 channelsin a cell are assumed, from which 1 channel
is reserved for GPRS data and 31 channels are shared by
circuit switched services and GPRS. In the simulations, when
a new circuit switched call arrives, if no free channel is
available and the number of circuit cals in service is below
31, one of GPRS cadlls is stopped its transmission in order to
alocate one channel to the new circuit call. When resources
are available, the interrupted GPRS calls have higher priority
to be alocated resource than the queueing calls. The average
interruption time and probability of interruption are simulated.
The average service time of circuit switched services is
exponentially distributed with a mean of 180 s. This traffic
load of circuit services is 22.83 Erlang corresponding to 2%
blocking probability for 31 channels. The maximum number
of GPRS users allowed into network is 40.

C1 coding scheme is mainly used for signaling traffic and C2,
C3 and C4 coding schemes are used for user data traffic. The
C2 scheme corresponding with a transmission rate of 13.4
kb/s is assumed to be used. The GPRS message size is
exponentially distributed with means of 2x13.4 kb, 5x13.4 kb,
10x13.4 kb respectively, corresponding to the mean service
time (1/p) of 2s, 5s and 10s with single dot transmission. The
approximation results of single slot service are calculated
from (6) and (8).

Fig. 2, 3 and 4 show the mean queueing time and blocking
probability of single-dot service distributed to the traffic load
for the average service time (/) of 2s, 5s and 10s
respectively. In this paper the average interruption time is
included into the mean queueing time. Comparing the
approximation results with simulation results, we find the
approximation method could be used for evaluating the GPRS
performance when the average service time of circuit switched
services is much longer than that of GPRS, e.g., pg/,>100.
As the average service time of GPRS increases, the error
becomes larger. The reason of error might be that the
approximation method over-estimates the blocking probability
(Fig. 4). The dsmulations show that the interruption
probability of GPRS calls depends on the average message
size (service time) more strongly than on the traffic load.

In the smulations of multislot services, the traffics in Table 1
are used. Two schemes are used for resource allocation to
GPRS cdlls.

- scheme-1: On the arrival of a multislot (two or three dots)
call from the queue, if the available channels are not enough
for the call’s requirement, it still stays in queue until its
resource requirement is fulfilled.

- scheme-2: On the arrival of a multislot (two or three dots)
call from the queue, if the available channels are not enough
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for the call’s regquirement, the available channels are
allocated to the call.
TABLEL: GPRS traffics

[Traffic-1 | All arrival traffics are required single-slot service.

Traffic-2 | In the arrival traffics, 70%, 20%, 10% of them are
required single-dot, two-slots and three-dots
services respectively, i.e.,, A=A1/0.7=A,/0.2=A5/0.1.

Traffic-3 | In the arrival traffics, 50%, 30%, 20% of them are

required single-dot, two-slots and three-dots

services respectively, i.e.,, A=A1/0.5=A,/0.3=A5/0.2.
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Fig2. The mean queueing time of single-dlot service for
the average service time (1/p) of 2 s.
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Fig3. The mean queueing time of single-dot service for the
average servicetime (1/p) of 5sand 10 srespectively.
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Fig. 4 The blocking probability of single-slot service
for the average servicetime (1/p) of 2s,5s and 10 s
respectively.
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Fig. 5 and 6 show the mean queueing time of the three types
of services with the resource allocation scheme-1 distributed
with the call arrival rate for the average message size of
2x13.4 kb and 5x13.4 kb respectively. The solid lines are
used for the traffic-3 and the dashed lines for traffic-2. In the
same traffic type, the mean queueing time of the three types of
services does not have much big difference, but it is much
higher than that of single-slot service.

Fig. 7-10 show the mean queueing time (average for all served
cals) and blocking probability with resource allocation
scheme-1 and scheme-2 distributed with the call arrival rate
for the average message size of 2x13.4 kb and 5x13.4 kb
respectively. The performance of scheme-2 is better than that
of scheme-1 and is similar to that of the single-dot-service
system.

To investigate the multidot service, a parameter of the
multislot served rate is defined as:

number of calls served for three slots (or two slots)

served rate = -
number of callsrequired for three slots (or two slots)
5500
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Fig. 5 The mean queueing time of the three types of
services with the resource alocation scheme-1 for the
average message size of 2x13.4 kb. The solid lines are
used for the traffic-3 and the dashed lines for traffic-2.
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Fig. 6 The mean queueing time of the three types of
services with the resource alocation scheme-1 for the
average message size of 5x13.4 kb. The solid lines are
used for the traffic-3 and the dashed lines for traffic-2.
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Fig. 7 The mean queueing time (average for al served
calls) with resource allocation scheme-1 and scheme-2
for the average message size of 2x13.4 kb.
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Fig. 8 The average blocking probability with resource
dlocation scheme-1 and scheme-2 for the average
message size of 2x13.4 kb.

Fig. 11 shows the served rate of multislot services with
resource allocation scheme-2 distributed with call arrival rate
for the average message size of 2x13.4 kb and 5x13.4 kb
respectively. The solid lines are used for an average message
size of 2x13.4 kb and dashed lines for an average message
size of 5x13.4 kb. For the traffic with the same average
message size, the served rate for the same type of multisiot
service is amost same even though those traffics have
different percentage of multislot service traffics. The served
rate decreases as the increment of call arrivals and the average
traffic size. Therefore, the resource alocation scheme-2 not
only can reduce the blocking probability and delay caused by
multislot services, but also can adapt to the GPRS traffic to
provide the optimal performance to the network

The simulations of the multidot services aso show that the
interruption probability of GPRS calls depends on the average
message size more strongly than on the traffic | oad.

Those simulations show that the higher blocking probability
and longer delay caused by multidot services could be
reduced by using a flexible multisot service scheme. The
protocol of aflexible multislot service schemeis:
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on the arrival of amultislot call,

- if the available resource is enough to provide its required
service, the call is allowed to transmit its required rate;

if the available resource is not enough to provide its
required service, the network negotiates with the call to
reduce its transmitted rate to the value which the network
can provide;

if the call agrees to transmit with the rate which the network
can provide, the network further inquires the call if it wants
to restore its required transmission rate when the network
can provide;

if the call does not agree to reduce its transmission rate, put
it into the queue until the network can provide its required
transmission rate.

IV. CONCLUSIONS

In this paper, an approximation method is used for evaluating
the GPRS performance of single-dot service in the variable
radio resource. By the comparison of numerical results and
simulated results, it shows that the method could be used for
evaluating GPRS performance when the average service time
of circuit switched services is much longer than that of GPRS,
eg., Ud/i>100. The smulations show that the interruption
probability of GPRS calls due to releasing its channel to the
demand of circuit switched services depends on the average
message size more strongly than on the traffic load. The
multi-ot services cause higher blocking probability and
longer delay to the network than the single-dot service.
However, according to the simulation those effects can be
reduced by implementing a GPRS resource allocation scheme
with flexible multi-dlot services. In this scheme, when the
available network resource cannot provide a call with its
required transmission rate, the network negotiates with the
user and agrees on a transmission rate which the network can
provide.
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