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ABSTRACT Satellite networks are expected to perform a vital role in future communication systems,
with complex features and seamless integration with ground-based infrastructure. This paper presents a
novel simulation framework capable of providing a detailed assessment of a satellite communication’s
network performance in realistic scenarios. The proposed framework employs an event-driven methodology,
models the communications network as a DES (discrete event system), and focuses on the return link of
the DVB-RCS2 standard. Three different scenarios demonstrate possible uses of the simulator’s outputs to
understand the network’s dynamic behavior and achieve optimal system operation. Each scenario explores
different features of the simulator covering a large territory with thousands of users, which in our case study
was the country of Brazil.

INDEX TERMS DVB-RCS2, event-driven simulator, network performance, radio resource management,
SymPy, system-level simulation, user allocation.

I. INTRODUCTION
The current percentage of the worldwide population with
Internet access is nearly 60%, which is unequally distributed
between developed and undeveloped countries. According
to ITU-D statistics [1], the global availability of Internet
access in 2019 per 100 users varied from 90% for developed
countries to 20% for nations on the UN list of Least Devel-
oped Countries (LDCs), where poor social and economic
development are the primary factors that limit ubiquitous
and affordable Internet. In several countries, large territorial
extension and geographic obstructions, such as mountains or
dense forests, prevent the deployment of conventional cellular
or cabled-based infrastructure.

Beyond the necessity to provide sufficient Internet access
to the population, the recent increase in Machine-to-Machine
(M2M) traffic, resulting from 5G/6G and IoT networks,
imposes new challenges for service providers. Current
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estimates predict that the number of devices connected to the
Internet within five years will be approximately 25 billion [2],
which further emphasizes the urgency for efficient utiliza-
tion of radio resources and its integration among different
Radio Access Technologies. This scenario is a challenging
environment for network deployment and operation, not only
in terms of Capital Expenditure (CAPEX) and Operating
Expenses (OPEX) management, but also in the realms of
initial network planning, heterogeneous traffic demand man-
agement, and coexistence with legacy infrastructure.

As an alternative telecommunications technology that can
potentially serve inaccessible regions of the world, satel-
lites can provide extended coverage for terrestrial networks
and perform traffic offloading. Access to satellite commu-
nications can operate independently of ground-based cellu-
lar infrastructure, but the convergence trend to an IP-based
service platform requires new approaches for combined
planning and the operation of ground and space segments.
Although challenges associated with the integration of cel-
lular and satellite networks can be traced back to 2G GSM
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systems [3], recent studies [4] address new interoperabil-
ity challenges and joint radio resource management (RRM)
strategies for 5G and 6G network architectures.

For complex communication systems, the accurate
inference of a network’s performance requires system-level
simulations, typically due to the difficulty of obtaining ana-
lytical solutions that consider all details related to protocol
specifications and user behavior. Furthermore, the effect
of complex relationships among the system’s configuration
parameters and the corresponding network operations can
be better understood through a careful design of simulation
scenarios. A controlled environment may stress the relevance
of specific parameters that: (i) are not directly accessible
by the network management system, or (ii) are out of the
scope of a control system operated by the service provider.
Planning and operations activities may use system-level sim-
ulations as a tool for potential savings on CAPEX and OPEX.
Finally, representatives in standardization forums often use
system-level simulations to address open issues, improve
recommendations, and propose new features for the network
nodes.

Considering the general scope of wireless networks sim-
ulation, reference [5] describes challenges for simulating
5G networks. In the context of Wireless Sensor Networks
(WSNs), a review of simulation tools can be found in [6] and
its references. Regarding the simulation of satellite commu-
nications [7] [8], describes modeling aspects for the medium
access control (MAC) layer. More recently, NS-3 was used as
the base framework engine to build a detailed implementation
of RCS2 as described in [9] [10].

With a focus on the optimization of radio resources in
DVB-RCS2, reference [11] presents an algorithm for the
DVB-RCS2 superframe design and user allocation based on
Jain’s fairness index, but it does not explicitly mention the
system performance in terms of capacity. In [12], the authors
consider MF-TDMA allocation in a multi-spot scenario for
Very High Throughput Satellites, but do not provide any
details related to the MAC layer being employed as the logon
phase and using random access channels.

AMAC procedure using Successive Interference Cancella-
tion (SIC) with direct application to the MF-TDMA structure
of RCS2 (CRDSA) can be found in [13]. An algorithm [14]
created to optimize RCS2 radio resources; in this work, sim-
ulations were performed with fewer terminals and within a
spatial range of 250 km.

In general, an event-driven simulation framework can
be implemented in different ways and programming lan-
guages. The SimEvents framework [15] uses the Simulink
and Matlab, and has been used in connected vehicle com-
munications [16]. The framework presented in this paper
employs a fusion of a static simulation used in standardization
contributions [17] and the event-driven library SimPy [18].

There are other satellite simulators available in the open
literature as well as commercially available software. A com-
parison of similar computer simulators to the proposed imple-
mentation is shown in Table 1. The decision to implement

the proposed simulator instead of using existing solutions
were based on the following criteria as well as summarized
in Table 1:

• Easy to maintain: The code base for the proposed
implementation is version controlled and extensively
tested using standardized approaches to assess simulator
behavior.

• Integration with link level from [22]: There exists
two other simulator platforms related to the proposed
SatSysSim framework. One is a link level simulator
and the other is antenna simulator, both of which were
developed by a teams with regular meetings during the
development of this framework. The system level sim-
ulator were created to provide an easy integration with
those other two projects.

• Join results with Anatel (Brazilian Government):
The proposed code base framework possesses results
employing Anatel contributions related to satellite com-
munications. Sharc [27] possesses several joint contri-
butions with Anatel that have been proposed in ITU
meetings such as [23] and [24]. This is important since
the primary focus is the Brazil operating environment,
and thus needs to consider the scope of the sponsors for
this research project.

• Compatible with DVB-RCS2: The evaluation scenario
for this proposed framework is targeting the Brazilian
operating environment.

• Control of the source code: Due to the incorporation
of sponsor intellectual property, the initial version of the
proposed simulator is close source.

• Extended from: DVB-RCS2 simulators were created
extending the functionality of previous simulators. This
item show which software each framework used.

To our best knowledge, there is no similar published study
with results obtained by system-level simulations consider-
ing an M2M traffic configuration. This paper proposes an
event-drive framework for the system-level simulation of the
resource allocation in DVB-RCS2 satellite networks. The
contributions of this work consist of the following items:

• Application of the proposed event-driven simulation in
large scale DVB-RCS2 deployments based on the struc-
ture shown in Figure 4.

• Incorporation of collision detection within the proposed
framework and user customization covering different
operation scenarios as shown in Figure 3.

• Implementation of a flexible platform for the evaluation
and comparison of allocation algorithms inside a dis-
crete event simulator as described in Section V-A.

• Creation of geospacial performance results to extend
the analysis of the satellite network running using the
proposed framework.

The rest of the paper is organized as follows: Section II
describes the event driver used concepts to create the frame-
work. Section III provides a brief description of the archi-
tecture of the DVB-RCS2 system. Section IV explains the
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TABLE 1. Simulations frameworks features.

FIGURE 1. Typical cellular coverage in Brazil. Users are mainly located
along the coastline and in the southeast region of the nation (adapted
from [28]).

design, life cycle, and algorithms used in the proposed frame-
work for the simulation of the DVB-RCS2. Section V illus-
trates the usage of the framework in three different scenarios.
Section VI concludes with final comments and future steps in
the framework development.

II. FUNDAMENTALS OF EVENT DRIVEN SIMULATION
As described in [30], input components interact inside a
system to produce an output. The challenge is to create a
model of a system that will provide a simulation in order
to obtain an output based on these inputs. A Discrete Event
System (DES) can be used to help model this unknown
system. A DES implementation has a set of discrete states
with an event-driven transition mechanism that triggers a
state change to produce an output. If the original system to
be modeled possesses a continuous-state behavior, its states
smoothly change as time moves forward. However, when the
original system is mapped to a DES implementation, only
instantaneous transitions at predefined points in time need
to be tracked. In this way, the simulation structure for an
event-driven design requires a central scheduler to act as a
bookkeeper and register all the event transition times in the
model. As the events are asynchronous and may be concur-
rent, the register with the central scheduler must announce

any changeswithin the set of states. Furthermore, other events
can be affected by the state changes, so a list of scheduled
events to be processed at any simulation step must be kept.

For the DES implementation, the state space X is a count-
able set that of states si which is defined as:

X = {s1, s2, · · · , sn, sn+1, · · · }, (1)

and a set of countable events E that consists of event ei which
is defined as:

E = {e1, e2, · · · , ek , ek+1, · · · }. (2)

The time sequence of events to be processed is defined as a
list L of pairs of events ej and states si,which can be written
as:

L = {(e1, t1), (e2, t2), (e3, t3, ), · · · }. (3)

Furthermore, the simulation runs in a way such that there
is a time ordered scheduled event list Ls, with the smallest
schedule time processed first. This way, the first event in the
list is always the triggering event that produces the changes
in the X set.

The mapping of these events and states in this frame-
work was performed using the SimPy library [18], which
implements event-driven behavior using the Python program-
ming language. As Python allows for object-oriented pro-
gramming, it creates a generator for each event that can be
mapped to a function or a class method. When an event is
triggered, it awakens other events registered in a core class
called environment. This way, e1 is mapped to a function
that also defines the corresponding waking time t1. Details of
the implementation require that, in order to register, events
share the same environment. This object also controls
time sequencing.

III. SYSTEM ARCHITECTURE
Before the details of the simulator’s design and its capa-
bilities are provided, a brief architectural description of the
DVB-RCS2 standard [31] is provided below. RCS2 makes
use of a hierarchical and flexible frame structure. The min-
imum resource block that composes the frame is called the
bandwidth-time unit (BTU), which has a configurable length
(in symbols) and symbol rate.

A timeslot (TS) is a contiguous sequence of BTUs in time.
A TS may possess a different size based on the number of
BTUs assigned to it. Furthermore, a TS is the minimum
allocation unit used by the packet scheduler. Users with dif-
ferent throughput requirements may be allocated to TSs of
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FIGURE 2. Organization of the MF-TDMA hierarchy in the simulator (SF, frame, TS and BTU) with two pools of channels: RA for signaling and DA
for traffic data. All logon messages use 12 BTUs as a worst case for Waveform 41 in Table 10.4 in [29]. The data BTUs are dynamically allocated,
based on current Es/N0 and and recommended waveforms, both obtained from link level simulations.

different lengths, which allows the allocation algorithm to
manage radio resources. All lengths allowed by the RCS2
physical layer standard [32], which also called burst lengths,
are defined by the amount of data symbols assigned to a set of
distinct Adaptive Modulation and Coding Schemes (ACMs).

A third element of hierarchy is the frame, which is
a set of TSs arranged in both time and frequency. It is
incorporated into a superframe (SF), which is an arrange-
ment of frames that is ordered both in time and frequency.
A superframe sequence (SFS) is an ordered time sequence
of superframes. An RCS2 system may use different SFSs
within a satellite transponder according to the overall band-
width requirements or capacity restrictions. From an alloca-
tion algorithm perspective, a user is a TS number identified
by its position inside a particular frame within an SF. The
global configuration is communicated to all MCTs by tables
(SCT/FCT2/BCT/TBTP2) that are broadcast to all users via
a signaling procedure. Details can be found in [32] and [29].

Figure 2 illustrates a simplified view of the MF-TDMA,
which is employed within the proposed simulator. The RA
(Random Access) pool consists of logon frames represented
by incoming RCST (Return Channel via Satellite Terminal)
login requests. The Deterministic Access (DA) pool corre-
sponds to the RCST data traffic frames. Inside a DA pool,
the packet scheduler is active and performs the TS allocation
procedure defined by the algorithms described in Section V.
The burst lengths are 266, 536, 1616, and 3236 symbols,
respectively. Adding four symbols as guard symbols results in
TS lengths of 270, 540, 1620, and 3240 symbols, all multiples
of 270 (1×, 2×, 6×, and 12×). The largest one (12x) is
also selected to carry random access (RA) signaling, as the
standard assigns it to the most robust ACMs.

DVB-RCS2 standards also define four different types
of mechanisms to assign resources to RCSTs: Constant
Rate Assignment (CRA), Free capacity Assignment (FCA),
Rate-Based Dynamic Capacity (RBDC), and Volume-Based
Dynamic Capacity (VBDC). In CRA, the data rate is

negotiated before channel assignment and guaranteed by
the Service Level Agreement (SLA) between the client and
the service provider. The FCA mechanism allocates spare
resources that might not have been allocated after a Dynamic
Bandwidth Allocation (DBA) process performed at the Net-
work Control Centre (NCC). RBDC and VBDC use capacity
requests— either a volume of data or data rate request—
from the RCST, to define the optimal resource allocation
distribution. This method is usually referred to as Bandwidth
on Demand (BoD) or Demand Assigned Multiple Access
(DAMA).

IV. PROPOSED FRAMEWORK
The proposed simulator framework is presented in Figure 4.
Text files contain input parameters related to the link nodes
(RCSTs, satellite, NCC), channelmodeling,MF-TDMAhier-
archy, link-level performance curves, traffic profiles, anten-
nas, and simulation campaigns. The event handling block that
corresponds to the discrete-event simulation is described later
in this section. During the simulation, each new superframe
generates partial results in the output files. After the simu-
lation reaches the end, the output files are post-processed to
generate the plots indexed by load or simulation time. The
simulator also provides geo-referenced results for an analysis
of bandwidth utilization. Some of those results are shown and
discussed in Section V.
At the core of the simulator is a discrete event manager

responsible for handling the dynamics of all connections in
the network. SimPywas used as the discrete-event framework
for the simulator implementation. For example, the SimPy
framework handles multiple events related to the arrival and
departure of RCSTs, their access to the network, and packet
transmission. One important event is a possible packet colli-
sion in the RA pool during the logon procedure. In particular,
SimPy provides a store object [33], which is a FIFO (first-
in, first-out) storage object that can trigger other processes
whenever its contents are changed. The MF-TDMA structure
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FIGURE 3. Terminal lifecycle in the system. Optimization of resources
within the RCS-2 MF-TDMA structure is performed at each superframe.

follows the structure of Figure 2, where each channel in
frequency is represented by one store object in memory.
When a packet is inserted into the store object, which rep-
resents a packet being sent through the channel, the receiver
process becomes awake (here modeling the NCC reception),
handles the triggered event, and checks if more than one
packet was received at the same time in order to detect
collision.

Figure 3 shows the life cycle of each user (or RCST) in
the network. There are two possible ways that an RCST can
enter the system, and once accepted, becomes part of the
active users set. The first way is when the RCST is part
of the initial load, defined by the simulation scenario setup.
In this case, the RCST is already an active user. The second
follows a Poisson probability distribution with an arrival rate
λ generated at the start of each new SF. The arriving RCST
needs to follow a logon process, which includes an attempt
to get a resource from the RA pool. After a successful login
(without collision with other RCSTs), an algorithm performs
the proper TS allocation of the RSCT’s data traffic at the DA
pool.

Each active user allocated in a superframe has a data
buffer to transmit. When an RCST transmits a packet, it is
evaluated for packet error rates through a combination of a
link budget procedure and a check of Es/N0 requirements
for the waveform used for transmission. All Es/N0 curves are
obtained from an external link-level simulator [22] that han-
dles the details of the channel coding and digital modulation
for all ACMs in the standard documentation [34]. It is worth
noting that link-level results affect system-level performance.
From the perspective of the system-level simulator operation,
link-level curves are tables retrieved at the beginning of the
simulation. If changes in the receiver design affect the perfor-
mance, the corresponding new tables can be replaced without
changing the rest of the code. Also, it is possible to use the

reference values for physical layer performance from [29,
Sect. 10.2].

If a packet is successfully received, the total amount of
data remaining in the RCST’s buffer is decreased. If there is
an error, the RCST retransmits the packet and maintains its
active user status.When a new SF is created, the deterministic
allocation algorithm handles the currently active RCSTs and
all RCSTs that had their channel requests granted from the
previous SF.

As the simulation continues to operate, output files with
partial results are produced. A set of key performance indi-
cators (KPIs) were selected in this simulation framework to
assist with the system performance analysis, such as latency
due to the logon process, the number of frequencies used in
the SF, the raw throughput at the PHY layer, and the goodput
at theMAC layer. Results are collected for each RCST and for
all SFs in the simulation. This allows for the post-processing
and statistical analysis of the performance indicators.

A. RESOURCE ALLOCATION ALGORITHMS
To assess the resource allocation functionality in the event-
driven system-level simulation software, we implemented
simple versions of the CRA and FCA mechanisms.

For the CRAmechanism, we chose an algorithm based on a
greedy strategy, referred to in this work as the Greedy Priority
Allocation (GPA). It is defined in Algorithm 1. It traverses the
SFDA pool sequentially, allocating at each step the necessary
timeslot length to meet the RCST’s QoS requirements. The
allocation continues until the exhaustion of SF resources.
Supposing an agreed data rate Ri to the RCST i and defining
TSF = 1 second, the necessary timeslot length Li (in BTUs)
can be calculated as:

Li =
⌈
Ri
Pi

⌉
Bi, (4)

where Pi is the payload in the ACM of the RCST, which
is a function of its Es/N0 in the return link connection. Bi
is the value of BTUs per burst, which is also referred to as
the BTUs per waveform. A set of k = 4 dynamic resource
allocation (DRA) blocks, which corresponds to the four TS
lengths (1×, 2×, 6× and 12×) as described in Section III.

Algorithm 1 describes the procedure for the GPA algo-
rithm. While there are BTUs available in a Superframe (SF
BTUs) and a feasible DRA channel is available. GPA algo-
rithmmust inspect if allocating the current RCST i is feasible.
In case of true condition, the RCSTmust be allocated, and the
utilized BTUs must be subtracted from the total available.
The final step is to attend to the next RCST in the queue.
In case of false condition, GPA algorithm skip to the next
DRA channel and reiterate.

The allocation procedure also prioritizes users according
to their SNR. RCSTs with a larger SNR will be served first,
in contrast to the RCSTs with lower SNR, which typically
need a more significant portion of the SF in order to complete
their QoS requirements.
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FIGURE 4. General structure of the system-level simulator, with examples of input and output files. The event handling subsystem is responsible for
RCSTs transmission management.

Algorithm 1 GPA - Greedy Priority Allocation
1: Sort RCST queue based on SNR
2: while SF BTUs > 0 and DRA k ≤ kmax do
3: if DRA k BTUs −Li ≥ 0 then
4: Allocate Li to RCST i
5: Subtract Li from DRA k BTUs and SF BTUs
6: Go to next RCST i+ 1
7: else
8: Go to next DRA k + 1
9: end if

10: end while

To verify the simulator performance in an FCA allocation
context, we employed an algorithm that equally divides the
surplus capacity between each RCST. In this algorithm,
called Simple Division Algorithm (SDA), which is presented
in Algorithm 2, the scheduler equally divides the number of
BTUs in an SF to each RCST. This strategy is not a greedy
one, as it needs the information of all RCSTs in the queue
to perform the resource allocation. If any of those RCSTs do
not meet the QoS requirement, then the least element in the
RCST list is temporarily discarded to be allocated in the next
Superframe. This process repeats until all RCSTs meet their
QoS requirements.

Algorithm 2 explains the SDA algorithm operation. The
total number of BTUs in a SuperFrame (SF BTUs) is
divided by the total number of RCSTs to be served (N ).
This variable is denoted as Div. It must be verified whether
Div is greater than all RCSTs’ required timeslots (TSi),
i.e. whether all RCSTs receive more BTUs than the min-
imum to satisfy the QoS requirements. If this is the case,
Div as a multiple of the waveform length in BTUs must
be allocated to each RCST. Otherwise, one less RCST
should be served, and the algorithm should be reiter-
ated until all RCSTs allocated satisfy the minimum QoS
requirements.

Algorithm 2 SDA - Simple Division Allocation
1: Div = SF BTUs/N
2: while any TSi−Div < 0 do
3: Pop last RCST in the RCSTs list
4: Decrement N
5: Div = SF BTUs/N
6: end while
7: Allocate to each RCSTDiv as a multiple of the waveform

length in BTUs.

V. SIMULATION RESULTS
Through the use of the proposed simulation framework,
which was designed to analyze and evaluate solutions for
problems that appear when performing planning and scal-
ing activities in satellite networks, proposed use cases are
described below.

We implemented two different algorithms to assess
multi-user scheduling and allocation within the RCS2
MF-TDMA structure to provide a comparative study. The
optimal resource allocation problem for the reverse link mul-
tiple access is investigated thoroughly in the academic litera-
ture [35], [36] [12], although it is rarely analyzed through the
entire DVB-S2X/DVB-RCS2 system pipeline, with a realistic
link performance, request queues, and spatial distribution for
the RCSTs. In this case, we addressed all of these within
the constraints of the ETSI RCS2 standards [32], [37] [38],
which implied a need for a detailed evaluation of link perfor-
mance for each user in the spatial dimension. End-to-end link
quality is affected by the channel conditions and satellite foot-
print, both of which are functions of space. Hence, the use of
maps and location coordinates, which is particularly relevant
to satellite communications, was considered in this study. The
last problem that was addressed focused on the spectrum allo-
cation decision; namely, the amount of frequency allocated
for both login and traffic channels, and how this proportion
would affect the global behavior of the network.
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TABLE 2. Parameters used in the system-level simulations.

We considered values of mobile users’ traffic demands
from low to moderate data rates (below 100 kbits/s). The
chosen geographical area was the entire country of Brazil,
since it possesses the following features: (i) its geographical
extension, suited to be covered by the footprint of GEO satel-
lites; (ii) its span of different climate zones, which include
both rainy and dry regions; and (iii) the uneven spatial dis-
tribution of its population, which has a higher density in the
littoral coast and the south/southeast areas. Figure 1 depicts a
cellular coverage map of Brazil that verifies a concentration
of available wireless services in the regions mentioned above.

Below, the features of the simulator are evaluated through
an analysis of the satellite network behavior in three cases:
(i) choice of the allocation algorithm, (ii) results displayed
spatially over a geographical territory, and (iii) bandwidth
requirements for RA and DA pools. Each simulation scenario
wasmainly defined by the initial RCSTs in the system and the
arrival rate λ of new ones. Other system parameters with fixed
values within the scope of this paper are presented in Table 2.

A. COMPARISON OF RESOURCE ALLOCATION
ALGORITHMS
The first application example that was chosen to show the fea-
tures of the system level simulator was to evaluate the impact
of using distinct user allocation algorithms and verify how
those strategies influence the overall network performance.
We implemented the GPA and SDA algorithms to evaluate
how the simulator can predict network behavior in a realistic
scenario.

Each load point NU ,t in the network represents the number
of RCSTs in the system. In a simulation, NU ,t is defined by:

NU ,t = NU ,0 + λTsim, (5)

where NU ,0 is the initial number of users, λ is the arrival
rate, and Tsim is the value of simulation time taken from
Table 2. Here we addressed the effect of changing NU ,0 and
λ of new users according to Table 3. For both options of the
allocation algorithms, and for different loads, Figure 5 shows
that the total throughput was similar in an SF regardless of
the allocation algorithm.

However, it is possible to verify from Figure 6 a difference
between GPA and SDA when the average throughput per
RCST is considered. While the GPA algorithm attempted
to maintain a GBR of 10 kbits/s for each user, the SDA
algorithm used spare BTUs to increase individual data rates.
On the other hand, as the load increased, unused resources in

TABLE 3. Load points for simulation scenarios.

FIGURE 5. Global throughput of GPA and SDA allocation algorithms for
different load points.

FIGURE 6. Average throughput per user of each allocation algorithm for
different load points.

an SF gradually disappeared, and the SDA algorithm could
not make use of them.

There was also a second impact on the network perfor-
mance if the dynamic behavior of active RCSTs in the sys-
tem is considered. As each RCST had a buffer with data to
transmit, there were differences in the time needed to empty
them. As shown in Figure 7, this time duration was shorter
when using the SDA algorithm when compared to the GPA
algorithm. As a global result, there was a better dynamic
utilization of the DA pool.

Another way of interpreting this result is by observing
Figure 8. In this case, simulations showed that the average
number of active users in an SF was different for both cases.
With the GPA algorithm, there were more users when com-
pared to the SDA algorithm, but they remained in the system
for a longer time. This result reinforces the need for a policy
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FIGURE 7. Average lifetime in seconds of completed users of each
allocation algorithm for each load point.

FIGURE 8. Behavior of the mean number of simultaneous active users for
different load points.

of load management that uses the flexibility of dynamical
allocation of the RCS2 standard and the admission policy
of new users. Finally, while the GPA algorithm allows for
a distribution that will always satisfy the predefined rate
requirements, it may also waste bandwidth capacity as it only
allocates the necessary amount of BTUs to each RCST. This
effect was most evident in scenarios with low values of the
rate of arrivals λ.

B. GEOSPATIAL NETWORK PERFORMANCE RESULTS
Beyond the statistics obtained from theMF-TDMA structure,
the simulator displayed spatial results. The simulator pro-
duced the geographical information by calculating the link
budget for each point on the map. The complete calculation
required information about the transmitter, receiver, channel
impairments, and noise, such as transmitted power; the posi-
tion of the satellite (which in this case was geostationary);
the channel modeling (free path loss and troposphere effects);
and the main characteristics of the antennas used on link end-
points (NCC and RCSTs), namely the antenna gains G and
their effective noise temperature T . For the satellite antenna,

FIGURE 9. Heat map of maximum RCST data throughput under the
selected coverage area using the SDA algorithm.

FIGURE 10. Heat map of G/T for a GEO satellite, used as a parameter to
obtain spatial information of system performance.

it was also possible to use the G/T footprint for the coverage
area, as G and T were not always separately available.

One example is shown in Figure 9, which shows the max-
imum throughput achieved by one user born in the system
at specific latitude and longitude coordinates. The start loca-
tion of the RCST was generated using a probability density
function that considers the population density in the region of
interest. It is possible to verify that the SDA algorithm pro-
vided maximum throughput in regions with higher G/T by
following the G/T footprint depicted in Figure 10. As shown
by the results of the link budget procedure, areas with bet-
ter performance corresponded to regions with larger values
of Es/N0.

C. EVALUATION OF RANDOM ACCESS AND DATA
CHANNEL BANDWIDTHS
According to the life cycle diagram in Figure 3, every RCST
that attempted to enter the system needed to request an
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TABLE 4. Scenarios for analysis of bandwidth allocated to RA and DA
resource pools.

FIGURE 11. Average percentage of collisions in the RA frames for
different proportions of RA and DA pools. In all cases, the system has the
same total bandwidth.

FIGURE 12. Average number of active users in the system affected by the
collision rates shown in Figure 11.

access channel (RA). It was of practical interest to set the
best proportion of both pools, RA and DA, to maximize the
overall system spectral efficiency. We fixed the total system
bandwidth for the comparisons performed here, but the band-
width values assigned to RA and DA pools were different,
as depicted in Table 4.

In order for the results from Figures 11, 12, and 13 to be
understood, they must be analyzed together. Considering the
values of Table 4, Scenario A had the lowest level of resources
assigned to the RApool; as a result, it had the highest collision
rate at every load point, as shown in Figure 11. When the
system had more collisions, it increased the queue of users
attempting to enter the system, and fewer users entered as

FIGURE 13. Average percentage of BTU usage for different proportions of
RA and DA pools using the same scenarios as Figures 11 and 12.

FIGURE 14. Average percentage of collisions in the RA frames for
3 scenarios described in table 4 with both allocation strategies. SDA uses
circle markers and GPA uses X markers.

allocated users. The consequence of the high collision rate,
as shown in Figure 12, was that system A had the lowest
number of active users at any load point, despite having a
higher number of channels to be used in allocation. Thus,
theoretically, Scenario A could handle more users, but those
users never entered the system because of the collision in the
request to transmit. Scenario B started to decrease at a user
load point of 1500 for the same reason because the collision
rate was above 90%. Scenario C reached this decrease at
2000 users for the same reason. Therefore, the number of
BTU in random access area needs to be optimized by the
arrival rate of the new users in order to avoid this high
collision rate. The expected behavior of the system without
the high collision rate is shown in Figure 8.

Figure 13 shows how Scenario A could handle more users
if more users had been allowed to enter the system, as more
than 10% of the BTU resources were unused. This could have
been related to the allocation algorithm, but that was not the
case in this scenario. There were fewer users of user in this
system because those users could never be allocated in the
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system, due to the collision rate always being above 80% after
the 750 load point. The behavior of the random access pool
are not affected by the SDA and GPA allocation as shown
in Figure 14 because the curves of allocation overlap within
the same scenario. The reason is the collisions happen during
the random access phase and it happens before the RCSTs
become active and enter in the green area of the life cycle
depicted in Figure 3.

VI. CONCLUSION
This paper presented an event-driven, system-level simulator
with implementation details for the PHY and MAC layers
compliant to the DVB-RCS2 ETSI standard. We provided
three use case examples for the proposed simulation frame-
work in order to help evaluate and design a GEO satellite
system with a large coverage area within a realistic scenario.
This proposed framework showed two allocation strategies,
and can be used in the future to test and evaluate new allo-
cation strategies. Additionally, the output was georeferenced
and plotted on the map of the scenario. Finally, the collision
detectionmechanism showed how this could affect the perfor-
mance of the whole system. The framework is also capable
of providing an extensive set of results and KPIs, such as
packet loss rate (PLR). Performance of other receivers will
be presented in future works and an extension of the code
to handle LEO trajectories is currently under development.
The purpose of this article is the focus on the behaviour and
analysis of DVB-RCS2. Optimization of the code is a topic of
future research, as well as an evaluation of the performance
and code complexity.
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