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Abstract 
Together with measurements and analytical methods, the simulation-based 
evaluation of cellular systems will be increasingly important as the deploy
ment of new mobile applications imposes new requirements both on the radio 
interface and on the fixed network infrastructure. Efficient allocation of the 
network's resources must be based on reliable and flexible performance eval
uation techniques. In this paper we describe a simulation environment opti
mized for the performance analysis of wide band cellular networks. To handle 
the complexity of the system without losing low-level details due to a high
level abstraction, a hierarchical simulation structure is developed which is also 
largely based on the integration of analytical evaluations' results into the sim
ulation. The resulting structure can surprisingly efficiently (both in terms of 
simulation run time and in terms of modeling flexibility and speed) simulate 
large and complex systems while the level of abstraction can be freely selected 
in a wide range by the user. For instance, in case studies we find that simula
tion times of ATM based cellular networks can be an order of a magnitude less 
than using most of the readily available simulators. Though the simulation 
environment described here is specific to ATM/ AAL2 based mobile networks, 
the proposed concept is more widely applicable to accelerate simulations. 
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1 INTRODUCTION 

While the penetration of cellular mobile phones increases rapidly and may 
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clear trend that goes beyond this quantitative change. The appearance of 
new applications with higher bit rate and diverse GoS and QoS requirements 
imposes new requirements both on the radio interface and on the fixed network 
infrastructure. 

In this environment the efficient use of the network's resources will be in
creasingly important. While peak allocation and eventually overprovisioning 
may be adequate in today's single application mobile networks, in the future 
mobile operators will need to improve efficiency as high as possible. To do this, 
operators might need to apply variable bit rate coding of traffic, use ATM as 
transport network infrastructure (Eneroth 1997) and optimize resource man
agement. The key to efficiently exploiting this more complex system might 
be to develop an accurate way to analyze its performance - if possible, before 
actually building it. 

For any telecommunication system, performance analysis can rely on the 
following approaches, exhaustively described by (Kurose 1988): 

• analytical methods, 
• simulation, 
• measurement and prototyping. 

Measurements and proto typing usually provides the most precise and reli
able information but the use of this technique is often very expensive, time
consuming and inflexible. Analytical evaluation methods give a larger freedom 
in varying the investigated system's parameters but their applicability is re
stricted by the need to find an analytically tractable model. With simulation 
techniques the level of abstraction can be freely determined though it affects 
largely the required processing capacity and the accuracy. As none of the 
three approaches provide an ideal solution in all situations, the analysis of a 
complex system must use a combination of these. 

In this paper we describe an extension of the PLASMA ATM simulator, 
first described by (Haraszti 1995), which makes it capable to efficiently simu
late ATM-based wideband cellular networks. We argue that in order to meet 
the above listed requirements a new simulation technique needs to be con
sidered. The proposed hybrid hierarchical simulation environment is designed 
specifically for the performance analysis of systems where the complexity re
quires a combination of analytical techniques. The simulation is largely based 
on the integration of analytical results in the simulation which together with 
the hierarchical structure makes it capable of simulating a large and complex 
network without hiding the bit-level details or radio-related features behind 
a high-level abstraction. 

After a brief introduction to the proposed concept, the applied model 
and the simulator's architecture will be described. Two simulation exam
ples will also be provided to illustrate the simulator's capabilities. The ex
amples are taken from the analysis of the new ATM Adaptation Layer No.2 
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where standardization activity was based on detailed performance evalua
tions (Eneroth 1997). The new adaptation layer provides high efficiency and 
low delay for cellular transport. In this investigation of the adaptation layer's 
performance the simulation environment described here played an important 
role. 

2 SIMULATION TECHNIQUES 

For large and complex systems a fully detailed simulation of the entire problem 
is often unrealistic. A byte-level simulation of a single ATM connection is so 
time-consuming that it is impractical in real investigations. While in simpler 
systems (PSTN or other constant bit-rate, single application communication 
systems) a higher level investigation may be appropriate, a more sophisticated 
system's characteristics such as bit error rate or delay can depend largely on 
lower level behaviour. 

In the simulation of ATM based wide band cellular networks an additional 
difficulty arises from the fact that events at various levels of abstraction and at. 
various time scales need to be modeled and simulated. For instance, low level 
changes in the quality of the radio interface may trigger a handover event at 
the connection level, which, in turn, may have cell level consequences inside 
the affected switches. We observe that this basic characteristic has two major 
general requirements for an efficient and practically useful simulator: 

• the description, modeling and simulation of the system must be able to 
capture relevant events at whatever level of abstraction they happen; 

• the description and modeling of the system must support the simulation of 
events at whatever time scale they happen. 

(Note that the term relevant here refers to application specific modeling 
details.) We refer to these two basic requirements as spatial and temporal 
scalability of the simulator respectively. 

Extending the classification of (Frost 1988) and (COST 1992) the various 
techniques for enhancing modeling and simulation efficiency of complex sys
tems fall into the following broad categories: 

• hybrid models increase the efficiency of the simulation by combining ana
lytical models with simulation, see e.g. (O'Reilly 1984), (Lavenberg 1979) 
and (Frater 1989). Our method inherits the basic (rather general) idea of 
combining analytical and simulation techniques, as described in Section 3. 

• variance reduction techniques improve computational efficiency by using 
statistical methods to obtain more accurate performance measures, as in 
(Shanmugan 1980), 1991), (Law 1991), (Fishman 1983), 
(Rubinstein 1985) and (Lavenberg 1982). We have found that finding a 
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good probability transform at various abstraction and time scales can be 
difficult. Even though these methods offer a considerable increase of simu
lation speed without requiring more processing capacity so far their appli
cability has only been shown for relatively simple examples and their ex
tension for more realistic problems needs further research. For an overview 
of these and other special simulation techniques including hybrid and hi
erarchical simulation see {Frost 1988) and (COST 1992). 

• extrapolative methods increase computational efficiency of a simulation by 
employing statistical methods to estimate the tail probability distribution 
outside the sample range (Jeruchim 1984), (Weinstein 1971), (Berberana 
1990), (Dijk 1991). 

• parallel and distributed methods attempt to increase the simulation time 
by employing more computer resources, see e.g. (Fujimoto 1994) and (Pham 
1997) and the references therein. The performance of even advanced paral
lel simulation techniques, however, does not seem to justify the additional 
programming effort which is needed in the decomposition and synchroniza
tion tasks inherent in such techniques. 

• co-simulation techniques aim at loosely interconnecting two or more in
dependently running simulators of different abstraction levels by allowing 
them to exchange messages. This approach though attractive, often suf
fers from problems caused by timing and causability constraints (Coppola 
1997). The challenge of efficient communication between the various levels 
in multiple time scale simulations is addressed in e.g. (Hines 1997), but the 
solution proposed there is not directly applicable to communication net
works. Our approach is in fact a one directional co-simulation technique, 
also importing ideas from the hybrid approach. The main benefit of these 
changes is that the higher level simulator never needs to await results from 
the lower level counterpart. Instead, when needed, the higher level simula
tor uses predictions. 

Recently a new and interesting approach, the fluid-flow simulation tech
nique has been proposed in (Kesidis 1996) and (Gustafsson 1997) which adopts 
basic concepts from the fluid-flow analysis approach into traditional discrete 
event simulation techniques. This approach appears to be very efficient in 
deriving performance measures at the cell level in ATM networks, but seems 
to be difficult to extend to the network level and meet both our spatial and 
temporal requirement at the same time. 

Also recently, some work has been started in simulation of wireless networks 
and services, (Mishra 1996) gives a classification of the proposed solutions 
with some references. An interesting simulation of voice over ATM can be 
found in (Iyer 1997) but this approach does not aim at scalability to large 
networks. Parallel simulation is proposed by (Liljenstam 1997). As in the 
case of broadband networks, the main problem is finding the proper balance 
between modelling complexity and simulation efficiency. Our solution leaves 
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Figure 1 Hierarchical simulation: traditional approaches (a and b) and with 
flexible device-level simulator (c). 

this choice to the user who can set the level of abstraction depending on the 
actual problem and on the required precision. 

3 PROPOSED HIERARCHICAL SIMULATION APPROACH 

3.1 Concept 

In the case of fixed cellular networks the main focus of performance analysis is 
on the trade-off between network utilization and per-connection service quality 
parameters. Typically, the network's response to different connection control 
and routing strategies needs to be evaluated with service quality requirements 
as optimization constraints. This kind of investigation requires that the entire 
network be studied while the model is detailed enough to include the internal 
structure of network elements down to queues and processors. As this does not 
seem to be feasible in one simulator we propose a hierarchical decomposition 
of the problem. 

As Figure 1 shows in the case of a hierarchical decomposition the lower level 
simulator(s) either provide characteristics about a number of identical or sim
ilar network entities (Figure la) or a dedicated lower level simulator must be 
assigned to each network element of interest (Figure lb). While the former 
solution is based on the investigated system's specific inherent feature of hav
ing a number of identical network elements working in similar circumstances 
{which does not necessarily apply for cellular systems) the latter requires the 
use of a number of simulators in parallel which might come back to the prob
lem of insufficient processing capacity with the additional problem of requiring 
a specific simulator for each network element of interest. 

In our approach only one simulator is used at the lower level (Figure lc) 
but that is designed in a flexible way which allows for the device-level simula-
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tion of an almost arbitrary subset of the entire network. The simulation speed 
will, of course, depend on the size and complexity of the selected subset. This 
flexible device-level simulator is equipped with a communication interface us
ing a configuration description language designed specifically for this purpose. 
Configuration descriptions arriving to this interface are interpreted inside the 
device-level simulator and a simulation session starts immediately. After the 
session, simulation results are available through the same interface. 

The device-level simulator can, of course, simulate only one configuration at 
a time. But instead of defining this configuration in advance, it is dynamically 
configured and re-configured by the network-level simulator during simulation 
time. A single device-level simulator running orders of magnitude slower than 
the network-level simulator can not continuously provide information on the 
behaviour of each network element. This is, however, not necessary if the pri
mary output of the investigation is the system's call-level behaviour, typically 
the load at certain network elements, call blocking ratio or network revenue 
as a function of different routing or admission control policies. While lower 
level, for instance Quality of Service parameters might be of equal impor
tance, their exact value is usually of no interest as long as they satisfy certain 
system-specific bounds. 

In this kind of studies a pure network level simulation is not sufficient as 
it does not give reliable information on the number of times the bounds are 
violated. However, a full cell-scale simulation is not only infeasible but also a 
waste of CPU time by providing, for example, cell delay values with millisec
ond precision for paths where delays are tens of milliseconds below the limit of 
tolerable delay. Our approach avoids this waste by concentrating device-level 
simulation power to points in time and to areas in the network when and where 
the violation of bounds is suspected to be frequent. Simulation is primarily 
performed on the upper level, allowing the user to focus on network-level be
haviour. As not all network elements are simulated at the device level, the 
call-level simulator must be prepared for estimating device-level behaviour, 
typically based on the equivalent bandwidth approach. Whatever precision 
this estimation gives will determine the network control and behaviour. How
ever, thanks to the device-level simulation sessions, the accuracy of the infor
mation learned from the simulation is not limited by the estimation. In brief, 
we will obtain accurate information, on both call and cell level, about a net
work controlled by inaccurate estimates. Despite its limitations, this method 
tends to model real networks that are typically controlled by inaccurate esti
mates but allow for measurements of "arbitrary" precision while improvement 
of the estimates is based upon feed-back from these measurements. 
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Figure 2 Simulation time scales. 

3.2 Communication and synchronization 

Figure 2 schematically illustrates the concept in operation for an elemen
tary example: packet-switched connections being established and released on 
a single physical link. The network level simulator controls the process by 
calculating the connections' aggregated equivalent bandwidth and applying 
admission control. Looking at just the network level simulator's output gives 
sufficient information on the revenue subject the equivalent bandwidth esti
mate. It also gives the information that during "most of the time" the service 
quality must have been satisfactory since the estimated equivalent bandwidth 
was far below the link capacity. 

Device-level simulation sessions triggered at critical time spots supplement 
this information with service quality parameters when cell loss was not negligi
ble. At the end of the simulation shown in the figure, we will have information 
on revenue and on service quality subject the equivalent bandwidth estimate. 
At the same time device-level simulation results on service quality provide a 
cross-checking of the estimation accuracy and eventually give indications of 
its error. 

In this basic example the gain compared to a full cell-scale simulation only 
comes from omitting, in the device-level simulator, periods other than the 
critical periods. However, as we will see in the examples of Section 5, for 
larger networks the "cut" can be made both in time and in complexity: at 
the device-level we only simulate the network elements "seriously affected" by 
the critical period. This further increases simulation performance, however, 
for the price of introducing device-level simulation inaccuracy due to neglected 
network areas. 

The time scales shown in Figure 2 also show how simulation performance 
can be traded for accuracy by modifying the definition (threshold) of "critical 
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period", hence changing device-level simulation frequency. In case No.2 an 
additional point in time was considered critical compared to case No.1. This 
obviously increases confidence in results concerning service quality but it also 
increases the number of device-level simulation sessions hence decreases over
all simulation speed. By further adjusting device-level session frequency, the 
precision can be set freely ranging from pure network-level to pure device-level 
simulations. 

Note, that though it would be possible to actually use device-level simula
tion results in the network-level simulator, in our system this is not the case. 
While device-level simulation sessions are triggered and configured by the net
work simulator, their result is only fed back to the network simulator to make 
up a compact representation of the simulation results but are not used to 
automatically modify the estimation algorithm: that is still up to the human. 
The two simulators can therefore run independently; if for example they share 
the same CPU, the network-level simulator might but does not have to wait 
for the device-level simulation session. In our experimental implementation, 
unlike in Figure 2, several instances of the device-level simulation may run in 
parallel which allows the system make use of a network of computers. 

3.3 Limitations and drawbacks 

Despite its flexibility, the proposed concept has some inherent limitations. 
In its current form, it does not eliminate the need for equivalent bandwidth 
estimation in the network-level simulator. The hierarchical structure requires 
that each network element and each traffic source be assigned a model at both 
levels. Furthermore, as traffic is primarily simulated on call scale, the study 
of connection-less traffic is excluded. Due to the load-dependent simulation 
sessions, overall simulation time will depend on network load rather than on 
the amount of traffic. 

The concept can be extended by letting device-level simulation results mod
ify the estimation technique used in the network simulator when matching 
proved to be poor. Though this extension offers some significant advantages 
(primarily the poseibility of "learning"), it also brings up new problems, in 
particular the appearance of a closed control loop and the degradation of accu
racy due to the two simulations being repeatedly based on each other's results. 
This is, however, probably the most promising direction to extend the concept. 
Further extension possibilities include the application of dynamic device-level 
simulations and the introduction of a control level that allows for starting the 
simulation without an equivalent bandwidth estimation method and building 
one up gradually while device-level session frequency is decreased. 
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4 THE SIMULATION ENVIRONMENT 

4.1 Model 

The network-level simulator is an extended version of the PLASMA 
ATM simulator, inheriting most of its networking capabilities. For a de
tailed description of its functionalities and structure, the reader is referred 
to (Haraszti 1995), here we only list the most important features. 

Traffic in the network simulator is modelled at connection-level where users 
are characterized by calling behaviour and mobility parameters. Users ran
domly initiate calls of different applications where each application is assigned 
a traffic description, a set of service quality requirements and a priority level. 
The traffic descriptions might also have some open parameters (e.g. peak rate) 
for which values are taken from a probability distribution at call initiation. 
The traffic descriptions, service quality requirements and priority level are 
used both by the network simulator for the equivalent bandwidth calculations 
and by the device-level simulator to build up the traffic generator and to 
handle traffic in the network. 

At connection setup Call Admission Control is performed for each hop on 
an equivalent bandwidth basis. In each node a destination-based fixed or fixed 
alternate routing decision is taken. 

In accordance with the UMTS (Universal Mobile Telecommunication Sys
tem) concept we have studied networks consisting of MSC (Mobile Switching 
Centre), RNC (Radio Network Controller) and BS (Base Station) types of 
nodes. The nodes are interconnected by ATM VCCs, voice traffic is carried in 
AAL2 connections according to the recent ITU recommendation (AAL2 1997). 
Switching is performed in MSCs and RNCs only, BSs originate and terminate 
connections. Though the simulation environment includes the modelling of the 
air interface, radio characteristics and mobility, these are outside the scope of 
this paper and can simply be considered as a modulation of user location and 
call behaviour and as a shaping of traffic arriving at the BS. 

In the device-level simulator traffic is modelled at packet level. The 
basic unit of user information is the air frame that corresponds to the amount 
of data transmitted to/from the mobile terminal in one burst. Traffic sources 
generate air frames with stationary interarrival time and size distributions 
defined by the application-specific traffic descriptions. The mechanism is iden
tical for upstream and downstream but data connections are not necessarily 
symmetrical or bidirectional. 

Air frames belonging to one connection are transmitted between a BS and 
a MSC through a number of hops in dedicated AAL2 or ATM connections for 
voice and data sources, respectively. The establishment and release of these 
connections is not modelled in the device-level simulator. As defined in the 
recommendation, air frames from voice sources are packed for transmission in 
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AAL2 packets that in turn are packed into ATM cells as shown in (Eneroth 
1997). 

All AAL2 connections on a link are multiplexed in a single VCC and this 
"composite" voice trunk shares the link with other VCCs carrying traffic from 
one data source each. In order to allow mobility-related data processing and to 
support handovers, connections are demultiplexed and re-multiplexed in the 
RNCs. The multiplexing of AAL2 packets into ATM cells and of ATM cells 
onto the link is modelled as single-server finite-buffer queues where service 
time is dependent on ATM cell rate and on link capacity at the two levels, 
respectively. 

4.2 Network to device-level mapping 

To initiate a device-level simulation session first the area defined as "critical" 
needs to be determined, then both the configuration and the actual traffic 
situation must be mapped on the device-level model. In the experimental 
implementation the critical area can be defined with the granularity of one 
node, that is, each node of the network is assigned a model on device-level 
which is either entirely included in a session or is omitted. Hence to investi
gate an overloaded link, apart from the link itself the node generating traffic 
in the overloaded direction must be simulated at device level. With this limi
tation, once the selection of critical area is made, the configuration mapping 
is straightforward. 

As statistical resource allocation in the ATM/ AAL2 system is performed 
at both multiplexing levels, an equivalent bandwidth estimate is necessarily 
maintained at each AAL2 or ATM multiplexer. Correspondingly, thresholds of 
"critical load" can be specified for each level. We refer to these as the critical 
thresholds. A device-level simulation session is triggered for a multiplexer if 
the total equivalent bandwidth of its connections related to the multiplexer's 
output rate reaches a critical threshold. 

Traffic is mapped on the device-level model per-connection: for each con
nection that contributes to the traffic in the critical area a traffic generator is 
built up using the application-specific traffic description and the connection
specific parameters. To take into account the shaping effect of previously 
passed swithes, the ingress ports of the overloaded switches are also mod
elled. 

4.3 Simulation architecture 

The hierarchical architecture of the simulation environment is illustrated in 
Figure 3. The figure also shows that the network-level simulator is actually 
built up of two interconnected simulators: a mobility and air interface sim-
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level 

device
level 

Figure 3 The simulation architecture. 

ulator and the network simulator. As the modelling of mobility and radio 
characteristics are outside the scope of this paper, however, the former can 
simply be considered as a modulation of user behaviour and we can focus our 
attention on the latter. 

The simulators are built in an object-oriented way around discrete event
driven kernels in the PLASMA simulation and management environment. 
(Haraszti 1995) The simulators communicate through a CORBA interface 
allowing the network simulator to "see" a device-level simulator as if it was 
one of its internal simulation objects. This not only makes communication 
simple but directly allows for multiple instances of device-level simulators 
making use of a network of computers. 

4.4 Validation 

The hierarchical structure of the proposed simulation environment implies 
that validation must be performed for both the upper and the lower level 
simulators and for the hybrid system. In this section we present one example 
from a set of test cases that we have used for validation purposes. Since the 
hybrid system is expected to approximate the results of the pure device-level 
simulation, its validation has been based on the comparison with device-level 
results and will be discussed together with the numerical examples in Sec
tion 5. The difficulty of validating the numerical results obtained with the hy
brid simulator stems from the fact that the studied ATM/ AAL2 technology is 
currently being standardized, and prototype systems are under construction. 
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Figure 4 Simulated and calculated maximum number of connections in the 
N · D(z] / D /1 queueing model. 

In order to validate the network level part of the simulator we have consid
ered a number of cases detailed in (Lin 1978) and (Magi 1996). In (Magi 1996) 
a model for multirate circuit switched loss networks with non-zero call pro
cessing time is developed, which allowed us to compare simulation and ana
lytical/approximative results in non-trivial cases. 

To validate the device level part of the simulator, we have used two test 
cases where comparison with analytical/approximative techniques is feasible. 
First, we consider a single queue-single server system with batch arrivals as in 
(Bisdikian 1996). The Dl"'l/D/1 queueing system was chosen because it plays 
an important role in the modelling of any system which carries compressed 
variable bit rate voice samples over ATM, most notably in the modelling of 
GSM/UMTS systems with AAL2 transport, see e.g. (Valko 1997). 

Figure 4 is an example out of the series of test cases where we have com
pared analytical and simulation results on this queueing system. Specifically, 
we use the N · Dlzl / D /1 version of this queueing system to study the maxi
mum number of allowed AAL2 channels over an ATM vee with a given QoS 
constraint. This queueing system operates as follows. Independent, identically 
distributed batches of random size x arrive at the queue from N independent 
sources at discrete, deterministic time intervals. If all N batches arrive at the 
same point in time, we refer to the system as one with a single offset. The 
batches are then queued and served in a FIFO manner. If on the other hand 
groups of batches arrive at different points in time, we refer to the system 
as one with multiple offsets. For instance, if the N independent sources are 
grouped into four groups, we that the system is a four-offset system. This 
is the case in a cellular network, where all mobiles belonging to a base station 
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are synchronized such that there is a deterministic time offset between groups 
of mobiles, each communicating with the base station at periodic, discrete 
time intervals. Here, x corresponds to the number of code bits (and the size of 
the AAL2 packet) generated by the voice coder in the mobile terminal. Since 
the QoS constraints, such as the delay of the air frames have to be fulfilled 
even for the last arriving packet in any batch, it is clear that the multiple off
set synchronization method allows for more connections on a link with fixed 
capacity, as it is shown in Figure 4. In the Figure we note that the simulator 
results are acceptable. 

Building on these ideas and results from N · D[x) f D /1 type queueing net
works, we have compared analytical and simulation results in some multi-node 
cases as well, and have found that the device level simulator performs well. 

5 SIMULATION EXAMPLES AND RESULTS 

5.1 Single-link example 

In this example voice and data connections are established and released on 
a link of capacity C = 1.5Mbps. 50 voice and 20 data sources initiate calls 
according to Poissonian arrival processes with parameters Av = 0.002 and 
Ad = 0.001, respectively and maintain the connections for exponentially dis
tributed times with parameters mv = 500sec and md = 1000sec, respec
tively. Active voice sources generate packets with a constant inter-arrival time 
T = !Oms where the packet size is determined by an embedded state ma
chine of four states such that the mean rate is 9kbps and the peak rate is 
20kbps. The measurement-based four-state model is extensively described in 
(Valko 1997). Active data sources are of on-off behaviour with exponentially 
distributed "on" and "off" period lengths with parameters a 0 nfaofl = 0.23 
and rate r = 64kbps in the "on" state. Traffic sources are all independent. 
Both applications tolerate a maximum packet loss probability of 10-3 . 

Active voice sources are assigned an AAL2 connection each and are all sta
tistically multiplexed in a single ATM vee. This vee is furthermore statisti
cally multiplexed with and is prioritized over the vees assigned to the active 
data sources, one each. Such scenarios are expected in ATM based cellular 
networks, see e.g. (Eneroth 1997). Figure 5 shows the equivalent bandwidth 
estimation maintained by the network-level simulator during a 1000 minute 
simulation. Arrows show the points in simulation time where a critical thresh
old was reached and a device-level session was triggered. The labels attached 
to these points show the results obtained by the sessions. 

Looking at the device-level simulation triggered at the 90% threshold we 
observe that the equivalent bandwidth was underestimated since at the traffic 
peaks service quality was poorer than required. However, from these results 
only we are unable to accurately estimate the per-connection service quality 
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Figure 5 Simulation results for the single-link case. 
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Figure 6 Performance penalty of increased accuracy in the single-link case. 

since device-level results are available for the highest traffic peaks only. By low
ering the critical threshold first to 70% then to 50% we trigger more frequent 
device level sessions. From the figure we see that this gives more accurate 
information on QoS parameters. By further lowering the critical threshold, 
the pure device level simulation can be approached. 

Figure 6 shows the performance penalty of the increased triggering fre
quency. On the horizontal axis the critical threshold varies from 100% (pure 
network level simulation) to 50% (practically a pure device level simulation). 
The curves show the accuracy of the equivalent bandwidth and the required 
run time respectively. The accuracy is expressed in terms of the number of 
occurrences when the QoS constraints are violated, which corresponds to the 
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Figure 7 Network example- configuration. 

"extra" information gained from the hierarchical system compared to the pure 
network level simulator. We observe that approaching the pure device level 
simulation, the run time drastically increases while the accuracy saturates 
which justifies using the hybrid approach. 

5.2 Network example 

As a network example we have used the configuration shown in Figure 7. This 
corresponds to two base station sub-systems each consisting of two BSs and 
one RNC connected in a ring. The two sub-systems are connected to an MSC 
node. Mobile users generate voice and data traffic with traffic parameters 
and QoS requirements as in the previous example. In the first sub-system 
(left side) the offered traffic is significantly higher than the engineered traffic 
which results in an overload on the corresponding RNC-MSC link causing 
high call blocking probability. 

In this example we are primarily interested in the decrease of call block
ing probability if we apply load sharing to make use of a direct RNC-RNC 
connection. In Figure 8 this improvement is shown while the total offered 
traffic is varied on the horizontal axis. In accordance with expectations the 
blocking could be decreased by applying load sharing between the two RNCs. 
However, these changes also affect QoS parameters that are not shown by a 
pure network-level simulation while the cell-level simulation of this network 
is infeasible. 

By exploiting hierarchical simulation we can monitor the packet level QoS 
without an unacceptable simulation time. In Figure 9 and Figure 10 the total 
time of QoS-violation out of a 500-minute simulation is shown for the origi
nal configuration and for the one with load sharing on the RNC-RNC link, 
respectively. We can observe that without load sharing QoS is often violated 
on the overloaded RNC-MSC link and never on the other one. We note on 
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Figure 9 QoS violation without load sharing (min]. 

Figure 10 that applying load sharing results in similar service quality in the 
two subsystems. 

For these simulations the critical threshold was set to 95% for each mul
tiplexer and the network to device-level mapping was configured such that 
only an overloaded multiplexer and its outgoing link was simulated in each 
device-level simulation. With this setting a 500-minute simulation took 300 
to 700 minutes depending on total offered load while a complete de· ice-level 
simulation would take approximately 120 minutes per simulated minute. 
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6 CONCLUSIONS 

In this paper we described a simulation environment optimized for the per
formance analysis of wideband cellular systems. Due to the large complexity 
of these systems we saw the need to develop a new hierarchical simulation 
concept which combines the advantages of fast network-scale simulators and 
detailed device-scale simulators. 

Using the proposed concept a fast network level simulation can be per
formed while conformance to low level quality requirements is also monitored. 
A sub-set of a large network simulated on call-scale can be "magnified" and 
simulated on device-scale if increased traffic or a failure situation deserves a 
closer look. Last but not least, a simulation study can be placed at an arbi
trary point of the "simulation speed versus model precision and confidence" 
trade-off depending on the requirements of the actual analysis. 

These features are made possible by the following main characteristics: 

• the simulation environment is built up in a hierarchical structure where 
the lower level simulator is a generic device-level simulator in which the 
simulated configuration can dynamically be updated (triggered from the 
upper level simulator), 

• the upper level simulator performs estimates on low-level parameters and 
uses the lower level simulator to check these estimates, 

• low-level characteristics such as bit error rate and cell transfer delay are 
not the main output of the simulator: we can specify bounds on these and 
are only interested in the probability of these bounds being violated while 
our main interest is on network-level behaviour. 
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