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Abstract

In this paper radio network dimensioning rules for GSM/GPRS networks focussing on Internet applications
are presented. Taking simulation results for GPRS introduction and evolution scenarios as the basis, the radio
resources needed for a given offered traffic and for given quality of service requirements can be estimated.
Both circuit-switched voice traffic and packet-switched Internet traffic sources are considered that are sharing
the radio resources available in a GSM radio cell. To achieve this, the simulation tool GPRSim is used that
comprises a prototypical implementation of the standardized GPRS protocols.

1 Introduction

In the context of the evolution towards 3rd Generation
(3G) mobile radio networks, packet-switched data ser-
vices like the General Packet Radio Service (GPRS)
and the Enhanced GPRS (EGPRS) are presently in-
troduced into GSM and TDMA /136 systems world-
wide. For network operators, equipment vendors, and
system integrators dimensioning rules have to be de-
veloped to plan and estimate the radio capacity that is
needed for the predicted amount of user data, when
the radio resources are shared between circuit- and
packet-switched services.

For circuit-switched networks the Erlang-B-
Formula has been successfully applied over decades,
while for packet-switched networks such an applica-
ble capacity model is still missing. The analytical
discription of statistical multiplexing and Internet
and Multimedia traffic modelling are more complex
than for circuit-switched networks and have risen to
a great challenge in traffic engineering.

Several papers concerning GPRS performance anal-
ysis were published in the last years [1, 2, 3]. They do
not contain results for on-demand channel configura-
tions with coexisting circuit-switched traffic sources,
which are the typical configurations in GPRS intro-
duction and evolution scenarios. Publications about
on-demand channels like [4, 5], do not focus on higher

layer traffic performance and do not consider the com-
plete Internet stack with TCP.

In Section 2 after this introduction the problem
of GPRS radio network dimensioning is introduced.
After the description of the simulation environment
GPRSim in Section 3, GPRS dimensioning rules are
presented for fixed and on-demand channel configura-
tions in Section 4.

2 Radio Network Dimensioning

A suitable dimensioning approach for the busy hour
assumes the number of active users and the corre-
sponding applications and user behaviour. These pa-
rameters characterize the offered traffic that has to be
served by the network. Second the quality of service,
which the operator wants to offer his customers has
to be defined. Giving these two parameters as input
parameters to an adequate capacity model the needed
radio capacity can be determined.

2.1 Methodology

Although analytical and algorithmic models for the
performance analysis of packet-switched radio net-
works are under development, the full detail of the
GPRS protocol architecture and the Internet proto-
cols including TCP cannot be described simply by



formulas or equations usable in practice. Since GPRS
networks are presently introduced, performance re-
sults are needed very fast, so that capacity and per-
formance estimations can be done for GPRS introduc-
tion and evolution scenarios.

Producing performance results by measurements in
the existing GPRS networks is not easily possible,
since scenarios with well-defined traffic load are hard
to set-up, the calculation of performance and system
measures are very limited, and the analysis of different
alternative protocol implementations is not possible
with the existing network equipment.

Therefore computer simulation with prototypical
implementation of the standardized GPRS protocols
and the Internet protocols, traffic generators for the
regarded applications and a simple model for the ra-
dio channel is chosen as the methodology to get the
needed results rapidly.

2.2 GPRS Radio Resources

In GPRS networks a radio cell may allocate resources
on one or several physical channels in order to sup-
port the GPRS traffic. Those channels shared by the
GPRS mobile stations are taken from the common
pool of GSM physical channels available in the radio
cell. The allocation of physical channels to circuit-
switched services and GPRS is done dynamically ac-
cording to the “capacity on demand* principle [6]. The
operator can decide to dedicate permanently or tem-
porarily physical channels for the GPRS traffic. In
this context GSM physical channels that are allocated
permanently for GPRS are called fized Packet Data
Channels (PDCHs), channels that are allocated tem-
porarily for GPRS are called on-demand PDCHs.

Simulation results [7] have shown that the perfor-
mance for GPRS-based services does not increase dra-
matically, when few fixed instead of on-demand PD-
CHs are used. If the cell capacity is dimensioned with
a low blocking probability for voice services, the use
of on-demand PDCHs makes sense. This is plausi-
ble, since the probability that more than 2 channels
are unused by voice services is around 90 %. On the
other hand operators might allocate fixed PDCHs to
be able to guarantee the availablity of GPRS. So di-
mensioning rules for both fixed and on-demand con-
figurations as well as for mixed configurations with a
combination of fixed and on-demand PDCHs have to
be developed.

3 Simulation

The capacity model for this examination is repre-
sented by the GPRS Simulator GPRSim, which was
developed at the Chair of Communication Networks
and models a GSM/GPRS network with its protocol
architecture, the radio channel attributes and proto-
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Figure 1: The GPRS/EGPRS Simulator GPRSim

col specific traffic sources. Based on this model it
is possible to create dimensioning graphs with the
paradigm of Erlang-Tables and the Erlang-Formula,
so that network dimensioning can be performed.

The (E)GPRS Simulator GPRSim [8] is a pure soft-
ware solution based on the programming language
Ct++. Up to now models of Mobile Station (MS),
Base Station (BS), and Serving GPRS Support Node
(SGSN) are implemented. The simulator offers in-
terfaces to be upgraded by additional modules (see
Figure 1).

For the implementation of the simulation model
in C++ the Communication Networks Class Library
(CNCL) [9] is used that is a predecessor to the
SDL Performance Evaluation Tool Class Library
(SPEETCL) [10, 11]. This allows an object oriented
structure of programs and is especially applicable for
event driven simulations.

The complex protocols like LLC, RLC/MAC, the
Internet traffic load generators and TCP/IP are spec-
ified formally with the Specification and Description
Language (SDL) and are translated to C++ by means
of the Code Generator SDL2CNCL [10] and are finally
integrated into the simulator.

Different from usual approaches to building a sim-
ulator, where abstractions of functions and protocols
are being implemented, the approach of the GPRSim
is based on the detailed implementation of the stan-
dardized protocols. This enables a realistic study of
the behaviour of EGPRS and GPRS. The real proto-
col stacks of (E)GPRS are used during system simu-
lation and statistically analyzed under a well-defined
traffic load.



4 Dimensioning Rules

4.1 Simulation Scenarios

The cell configuration is given by the number of GSM
single-carrier transmitter-receiver units (TRXs) and
the number of PDCHs allocated fixed or on-demand
for GPRS. The simple channel/error model is charac-
terized by a constant RLC/MAC block error proba-
bility of 13.5 % corresponding to a C/I of 12 dB. This
parameter corresponds to a typical coverage planning
value widely used by operators for GSM networks. As
the coding scheme for user data CS-2 is used. Since
(CS-2 is a relatively robust Coding Scheme and the av-
erage C/I of 12 dB is a worst case estimation, capacity
limitations caused by co-channel interference in high
load conditions can be neglected.

LLC and RLC/MAC are operating in acknowledged
mode. The multislot capability is 1 uplink and 4
downlink slots. The MAC protocol instances are op-
erating with three random access subchannels per 52-
frame. All conventional MAC requests have the ra-
dio priority level 1 and are scheduled with a FIFO
strategy. Ongoing Temporary Block Flows (TBFs) in
uplink and downlink are served with a Round Robin
strategy with a Round Robin depth of 10 radio blocks.
LLC has a window size of 16 frames. TCP/IP header
compression in SNDCP is performed. TCP is oper-
ating with a maximum congestion window size of 8
Kbyte and a TCP Maximum Segment Size (MSS) of
536 byte. The transmission delay in the core net-
work and externel networks, i.e. the public Internet
is neglected. This corresponds to a scenario where the
server is located in the operator’s domain. The focus
lies on the radio network and not on the core network,
since radio resources are scarce and representing the
system bottleneck assuming that the core network is
well dimensioned.

The inactive period between two sessions is set to 12
seconds. The Internet traffic [12] is composed of 70 %
e-mail sessions and 30 % WWW sessions (see Table 1).
For simulations with coexisting circuit-switched (CS)
traffic, the maximum number of on-demand PDCHs
is 8. On-demand PDCHs are used for both GPRS and

Table 1: Model parameters of Internet applications
(WWW and e-mail)

WWW Parameter Distribution Mean
Pages per session geometric 5.0
Intervals between pages [s|negative exponential 12.0
Objects per page geometric 2.5
Object size [byte] logz-Erlang-k 3700
e-mail Parameter Distribution Mean
e-mail size [byte| logz-normal 10000
Base quota [byte] constant 300

CS services, with the restriction that CS has a higher
priority and can pre-empt the on-demand PDCHs.
The parameters for the CS traffic sources that were
used for different blocking probability values were cal-
culated based on the Erlang-B-Formula. For the call
blocking probability the term Grade of Service (GoS)
will be used in the following. For details of the pro-
tocol implementations and traffic models see [§].

4.2 Performance and System
Measures

As the performance measure the average downlink IP
throughput per user during transmission periods is
regarded. During an ongoing download of a Web page
or e-mail the downlink IP throughput for each user for
each TDMA frame is evaluated. From these values
the mean value is calculated. The simulations are run
until a confidence interval of 10 % is reached [13].

This QoS measure is the important measure for
WWW and e-mail applications and is chosen here as
the dimensioning criterion. The same dimensioning
approach can be done with delay or throughput quan-
tile measures. Comprehensive simulation results for
other performance and system measures such as de-
lay, utilization and system throughput can be found
in [14, 15].

4.3 Fixed PDCH Configurations

If GSM radio cells have high capacity reserves, i.e.
an acceptable blocking probability for voice calls
can be guaranteed even if traffic channels are with-
drawn, GSM physical channels can be allocated as
fixed PDCHs to ensure the guaranteed availability of
GPRS-based services.
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Figure 2: Mean downlink IP throughput per user



Dimensioning Graph
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Figure 3: Dimensioning graph for fixed PDCH config-
urations

Figure 2 shows the mean downlink IP throughput
per user during transmission periods over the IP traf-
fic offered to the GPRS bearer for different numbers
of PDCHs. If the x-axis is transformed dividing the
offered traffic by the number of PDCHs, the graphs
become equal (see Figure 3). With this dimensioning
graph gained from the GPRSim, capacity planning
can be performed following the next five steps.

1. define the desired QoS
2. estimate the number of users per cell

3. define the offered IP traffic per user and calculate
the offered traffic per cell

4. determine the acceptable traffic per PDCH with
the desired QoS from the dimensioning graph

5. calculate the needed number of PDCHs with:

estimated traffic

PDCH =
acceptable traffic per PDCH

(1)

To visualize the dimensioning procedure introduced
above, the following example is given. With a desired
downlink TP throughput of 12.5 kbit /s, a given offered
traffic per user of 540 kbyte/h, and 10 users per radio
cell the needed number of PDCHs can be estimated
following the next four steps.

e define the desired average QoS. Here the mean
downlink IP throughput of 12.5kbit/s is the QoS
limit that is desired.

e estimate the average number of users per cell:
user = 10

e calculate the total offered IP traffic per cell for
the regarded scenario:
offered traffic/user = 540 kbyte/h = 1.2kbit/s
total offered traffic = 43200 kbit/h = 12kbit /s

e gain the carriable traffic per PDCH from the re-
spective dimensioning graph:
acceptable traffic/PDCH = 3.5kbit/s/PDCH
needed PDCHs = 3.4

Finally it is necessary to round off the calculated
number of PDCHs. In this example 4 fixed PDCHs
have to be provided.

4.4 On-demand PDCH
Configurations

Since GSM networks are dimensioned for a low block-
ing probability for voice calls, the probability that a
few channels are unused by voice services is high. On
the other hand in GPRS introduction scenarios the
offered data traffic will be comparatively low. As a
result the use of on-demand PDCHs that are shared
between voice and data services lead to an efficient
radio resource utilization [7].

4.4.1 Estimating on-demand PDCH
configurations with equivalent fixed
PDCH configurations

A simple dimensioning approach for on-demand
PDCH configurations as proposed in [16] and by other
manufacturers is to calculate the usable bandwidth,
namely the average number of PDCHs, that is left
open by voice services with the Erlang-B-formula and
take this number of PDCHs for capacity estimation
in an equivalent fixed PDCH configuration.

The average number of GSM physical channels that
are available for GPRS can be calculated, with PDCH
as the average number of available PDCHs and TCH
as the total number of GSM traffic channels in the
radio cell:

PDCH = TCH - offered voice traffic - (1 — GoS) (2)

To show that this approach is not accurate enough
for dimensioning, simulation results for an on-demand
example scenario and fixed PDCH scenarios are com-
pared. In the regarded example scenario with a GoS
of 0.5 % the average number of unused GSM TCHs
that are available on average for GPRS is higher than
7 after Equation 2. That means that an equivalent
configuration with 7 or 8 PDCHs should be taken.

However, the simulation results presented in Fig-
ure 4 show that the performance in this on-demand
scenario both for 2, 3, and 4 TRXs is up to 25 %
worse than in a scenario with 6 fixed PDCHs espe-
cially in the range of higher traffic load. That means
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Figure 4: Estimation with an equivalent fixed PDCH
configuration

that the regarded on-demand scenarios can not be es-
timated precisely with an equivalent scenario with 7 or
8 PDCHs. As the result of this comparison an equiva-
lent fixed PDCH scenario with the average number of
TCHs, which are available for GPRS in an on-demand
configuration, can not genarally be applied for precise
dimensioning of on-demand configurations.

4.4.2 Using simulation results for
on-demand configurations

More precise capacity planning for on-demand config-
urations can be done by taking a dimensioning graph
for an existing TRX scenario as the basis and find
the acceptable coexisting CS traffic (corresponding to
a GoS value) so that the GPRS performance for a
given offered traffic can be guaranteed. As an exam-
ple based on the 3 TRX scenario (see Figure 5) this
can be performed after the following steps with the
same example values as in Section 4.3:

e cstimate the GoS for the related TRX scenario
for CS traffic, which is expected for the planning
scenario. Here 1.5 % GoS is assumed.

e estimate the number of GPRS users per cell:
user = 10

e calculate the total offered traffic per cell:
offered traffic/user = 540 kbyte/h = 1.2 kbit/s
total offered traffic = 43200 kbit/h = 12kbit/s

e define the desired average user performance the
operator wants to guarantee (here 12.5 kbit/s).

e regard the operating point p defined by the de-
sired user performance on the y-axis and the total
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Figure 5: Dimensioning graph for on-demand PDCH
configurations

offered traffic on the x-axis and choose the ade-
quate GoS curve as the next that lies above this
operating point p. Here p equals (x = 12 kbit/s,
y = 12.5 kbit/s).

If the offered CS traffic corresponding to this GoS is
predicted to be exceeded a new TRX should be added.
Here p is just below the 2 % GoS curve that means
that coexisting CS traffic corresponding up to 2 %
GoS for this scenario is acceptable. Since a GoS of
1.5 % is assumed an additional TRX is not necessary
in this example.

4.5 Remarks to mixed configurations

with fixed and on-demand
PDCHs

To be able to guarantee the availability of GPRS-
based services an operator might provide 1, 2 or more
fixed PDCHs and the rest up to 8 as on-demand
PDCHs. In these cases the pure on-demand configu-
rations can be taken as a worst case estimation, since
the probability that the first PDCHs are used by CS
traffic are quite low (under 10 %) [7].

If 4 or more fixed PDCHs are provided and the rest
up to eight are on-demand, there are two possibilities.
If another TRX is integrated to reduce the blocking
probability for CS calls, the on-demand channels will
not be highly utilized. Here the capacity can be es-
timated taking a configuration with 8 fixed PDCHs.
If no further TRX is provided, the utilization of the
on-demand PDCHs will be very high. In this case the
capacity can be estimated by a configuration with the
allocated number of fixed and no on-demand PDCHs.



5 CONCLUSIONS

In this paper dimensioning rules for GPRS networks
for fixed and on-demand PDCH configurations were
presented.

The dimensioning graph for fixed PDCH configura-
tions is based on simulation results for different load
scenarios and profits by nearly linear correlation be-
tween downlink IP throughput and the offered IP traf-
fic in the radio cell. With this dimensioning graph the
relationship between desired QoS, offered traffic and
needed radio capacity can be estimated.

Regarding on-demand PDCH configurations, di-
mensioning graphs based on taking the average num-
ber of available PDCHs as an equivalent number of
fixed PDCHs, can not be applied. For on-demand
configurations dimensioning graphs based on the sim-
ulation results for different CS load scenarios can be
used to determine, if a new TRX has to be installed
to serve the GPRS traffic with a desired QoS.

References

[1] G. Brasche and B. Walke, “Concepts, Services
and Protocols of the New GSM Phase 2+ Gen-
eral Packet Radio Service,” IEEE Communica-
tions Magazine, vol. 35, 1997.

[2] J. Cai and D. Goodman, “General Packet Radio
Service in GSM,” IEEE Communications Maga-
zine, vol. 10, 1997.

[3] R. Kalden, I. Meireck, and M. Meyer, “Wireless
Internet Access Based on GPRS,” IEEFE Personal
Communications, vol. 4, 2000.

[4] S. Niand S. Higgmann, “GPRS Performance Es-
timation in a GSM Voice and GPRS Shared Re-
source System,” in Proc. of IEEE Wireless Com-
munication and Networking Conference (WCNC
’99), pp. 14171421, 1999.

[5] K. C. Budka, “Cellular Digital Packet Data:
Channel Availability,” IEEE Transactions on Ve-
hicular Technology, vol. 46, Feb. 1997.

[6] ETSI TC-SMG, “Digital Cellular Telecommuni-
cations System (Phase 2+); General Packet Ra-
dio Service (GPRS); Overall Description of the
GPRS Radio Interface; Stage 2 (GSM 03.64 Ver-
sion 8.3.0 Release 1999),” Technical Specifica-
tion, European Telecommunications Standards
Institute, Sophia Antipolis, France, Apr. 2000.

[7] P. Stuckmann and F. Miiller, “GPRS Radio Net-
work Capacity Considering Coexisting Circuit-
Switched Traffic Sources,” in Proc. of Furo-
pean Conference on Wireless Technology (ECWT
2000), 2000.

[8] P. Stuckmann, “Simulation Environment
GPRSim: Tool for Performance Analysis,
Capacity Planning and QoS Enhancement in
GPRS/EDGE Networks,” Technical Report,
http://wuw.comnets.rwth-aachen.de/ pst.

[9] M. Junius et al., “CNCL: a C++ library for event
driven simulation, statistical evaluation and ran-
dom number generators and distributions,” Tech-
nical Report, Communication Networks, Aachen

University of Technology, 1993.

[10] M. Steppler, “Performance Analysis of Commu-
nication Systems Formally Specified in SDL,” in
Proc. of The First International Workshop on
Simulation and Performance 98 (WOSP ’98),

pp. 49-62, 1998.

[11] Aixcom GmbH.

Produkte_e.php.

http://www.aixcom.com/

[12] P. Stuckmann and P. Seidenberg, “Quality of
Service of Internet Applications over GPRS,” in

Proc. of European Wireless 99, vol. 1, 1999.

[13] F. Schreiber and C. Gorg, “Stochastic Simula-
tion: A Simplified LRE-Algorithm for Discrete

Random Segeunces,” AEU, vol. 50, 1996.

[14] P. Stuckmann and F. Miiller, “Quality of Ser-
vice Management in GPRS Networks,” in Proc.
of the IEEE International Conference on Net-

working (ICN ’01), July 2001.

[15] B. Walke, Mobile Radio Networks - Networking,
Protocols and Traffic Performance. Chichester:
John Wiley & Sons, 2nd ed., to be published in

2001.

[16] R. Pirhonen, T. Rautava, and J. Penttinen,
“TDMA Convergence for Packet Data Services,”

IEEE Personal Communications, vol. 6, 1999.

6 Biographies

Peter Stuckmann (pst@comnets.rwth-aachen.de)
received his diploma (master’s) degree in 1999 from
the Faculty of Electrical Engineering of Aachen Uni-
versity of Technology. Since March 1999 he serves as
a research assistant at the Chair of Communication
Networks.

Oliver Paul (0liver.Paul@d2vodafone.de) received
his diploma (master’s) degree in 2000 from the Faculty
of Electrical Engineering of the Aachen University of
Technology. Since August 2000 he is Project Manager
at the Technical Quality Management department of
D2-Vodafone.



