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ABSTRACT

The design and validation of forthcoming mobile commu-
nication technologies (Beyond 3G and 4G) require appro-
priate tools for building reference models. In this article,
a new tool called WM-SIM (Wireless Mobile SIMulator)
is presented and compared with others recognized tools as
Simulink, Visual System Simulator (VSS) and Ptolemy II.
Benchmark results have proved WM-SIM to be more effi-
cient than aforementioned tools in terms of processing time.
Finally, a model for the coming cellular technology called
Long Term Evolution (LTE) is modelled and simulated with
WM-SIM. Simulation results for LTE technology are shown
in order to prove our platform as a good option to evaluate
this kind of systems.

Categories and Subject Descriptors

1.6.7 [Simulation and Modelling]: Simulation Support
Systems - Environments

General Terms

Performance, Design, Algorithms
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1. INTRODUCTION

Nowadays, there is a growing interest on next generation
of mobile communication technologies (Beyond 3G and 4G).
The definition of these technologies is a quickly changing
process that implies continuous validation of new features
and architectures. Therefore, the development of efficient
and reliable simulation tools for modelling and evaluating
these systems is a hot topic both from academic and business
point of view. Several alternatives as Simulink [1], Visual
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System Simulator (VSS) [2] or Ptolemy II [3], are already
available to validate these complex models.

These simulation tools usually provide graphic user inter-
faces for simplifying the definition of models. However, the
design of new systems is often constrained by the available
blocks and functionalities. On the other hand, existing tools
are general purpose simulators, where neither efficiency nor
resources consumption have been optimized. This may be a
significant limitation for evaluating actual complex systems
that need long simulations.

In this paper, we present the Wireless Mobile Simulator
(WM-SIM) Platform ', a design and simulation tool ori-
ented to the evaluation of wireless communication systems.
WDM-SIM has been developed to support tailored models for
actual systems; thus, integration of real code into a model
is a simple task.

The rest of the paper is structured as follows. In section
2, a brief description of WM-SIM is presented, focusing on
its basic elements and key features. In order to evaluate
the performance of a model created with WM-SIM, section
3 provides a performance comparison between that model
and other models built with recognized tools like Simulink,
Visual System Simulator and Ptolemy II. An example of use
of WM-SIM to model complex system is presented in section
4, where results obtained with a model based on Long Term
Evolution (LTE) technology are presented. Finally, section
5 gathers main conclusions.

2. WM-SIM OVERVIEW

WDM-SIM is a data-flow oriented platform, where the ex-
ecution of the different processes is managed by generation
and consumption of data. Data flow into a process pipeline
made up by several process stages. Interconnection between
different stages is managed by sharing memory addresses for
writing and reading purposes.

WM-SIM allows for multi-rate models and, therefore, it is
possible to combine different processing stages with different
data rates. This is a key feature when it comes to model
mobile communication systems with several asynchronous
processes and complex data transfer between them. The
platform also includes an extensible library of behavioral
blocks for creating modular systems.
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2.1 Basic entities

In WM-SIM Block entity is the elementary building ele-
ment and it represents the minimal executable unit. Specific
blocks, instances of this entity, may be created by designers,
e.g. an Encoder block to carry out channel coding. A block
models a specific process as a 'Black box’, for which only
its inputs and outputs are known. Configuration of specific
block is possible by means of several parameters that may
be included in a parametrization file.

A set of basic operations that are predefined for any in-
stance of Block entity. For instance, interconnection be-
tween blocks (bind operation) or loading configuration pa-
rameters (settings). Besides, operations to manage the life
cycle of any instanced block must be carefully defined for
each specific block. The most important is the process rou-
tine, where block’s processing and functionality are defined.

Communication among blocks is carried out by means of
efficient memory management. Each block is responsible of
allocating memory for its outputs and other blocks address
these memory positions for reading purposes. Each block’s
input has an interconnection attachment called signal that
specifies the memory address to be read. Thus, memory con-
sumption is reduced and inefficient multiple copies of data
are avoided.

Following a modular approach, the System concept is de-
fined to model systems made up by several functional blocks.
A complete simulation model is defined as an overall system
that may contain both blocks and other systems (then called
subsystems).

2.2 Block design

The platform includes a repository of blocks and utilities
called WM-SIM library. However, models created with WM-
SIM are not limited to its associated library. New blocks
may be defined to be added to the platform’s library. Thus,
users can create their own block library that may be reused
by other users following some basic rules:

e Memory operations must be clearly defined and checked.

e Block’s settings and functionality must be defined and
implemented in their corresponding routines.
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Figure 1: Stages in the creation of an executable file
for a WM-SIM model.
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Figure 2: Execution list for WM-SIM example sys-
tem.

e Finally, a block’s behavior in terms of generation and
consumption of data must be checked in order to avoid
blockages in model execution.

WM-SIM and its associated library have been developed
in C++ language. Hence, designers must follow the C++
programming premises when creating a new block in order
to assure backward compatibility.

2.3 Stages in WM-SIM model design

The process of creating a simulation model with WM-SIM
implies several simple steps, as depicted in Figure 1. Firstly,
the designer defines an XML schematic file which specifies
all the building elements (blocks and/or subsystems) and
the interconnections between them. From this architectural
description, the XML parser creates a C++ file (model def-
inition file) automatically.

WDM-SIM library gathers all the predefined blocks and new
specific blocks created by designers, as well as other auxiliary
libraries like Matrix (for vector and matrix operations) or
Comm (which offers utilities for communication systems).
Model definition file is compiled and references to WM-SIM
library are resolved before linking stage. The final result is a
stand-alone executable file that makes possible to simulate
the model.

Thus, a WM-SIM model only uses the required resources
when simulation is performed. This is a significant advan-
tage with respect to other simulation tools that usually load
a kernel with many unused functionalities before the simu-
lation starts.

2.4 Model execution

Model execution is automatically managed by the over-
all system’s Check list, which contains references to each
functional element in the system (block or subsystem). In
fact, the Check list establishes the order in which blocks are
checked for being executed. A block will be executed if it
is not blocked, that is, if its inputs are available for being
processed and its outputs were already consumed by the
following blocks.

Check list is also used to carry out system’s creation and



destruction stages. In a complex system, a Check list may
include other subsystems, each of them having their own
Check list. Thus, nested lists can be defined in WM-SIM.

In Figure 2, a Check list for the previous example is de-
picted. Three different lists are easily identified: one for the
entire model’s execution and one for each of the subsystems.
Checking order in model’s list (marked with squares) is: 1)
subsystem A, 2) subsystem B and 3) Block2. Checking or-
der within subsystems A and B is marked with rhombus and
circles, respectively.

WM-SIM allows for multi-rate models and, therefore, it
is possible to combine blocks with different execution rates
as long as buffers are included into these blocks.

3. SIMULATORS BENCHMARK

This section presents a performance comparison among
WM-SIM and other available simulation platforms.

3.1 Simulink

Simulink [1], developed by The MathWorks Inc., is a soft-
ware package for multi-domain simulation and Model-Based
Design for dynamic systems. Models are hierarchical and
they can be built using both top-down and bottom-up ap-
proaches. Simulink has the ability to simulate discrete sys-
tems, supporting multi-rate processing and systems that mix
discrete and continuous components. The Simulink engine
successively computes the states and outputs of the system
at intervals from the simulation start time to the finish time,
using information provided by the model. Simulink provides
a customizable set of block libraries, which can be extended
for specialized applications.

3.2 Visual System Simulator

The Visual System Simulator (VSS) [2], developed by Ap-
plied Wave Research Inc. (AWR), is a software tool for
the design of complete, end-to-end communications systems.
VSS is data-flow oriented, i.e., the model blocks are executed
only when the required number of data samples are avail-
able at their input ports. VSS performs the interconnection
between blocks by using first-in-first-out (FIFO) queues sup-
porting asynchronous data transfer and multi-rate process-
ing. A robust library of behavioral blocks is included in
VSS platform. Users can incorporate their own algorithm
or legacy code into VSS by several ways.

3.3 Ptolemy II

Ptolemy II [3], developed by a group of researchers at U.C.
Berkeley, is a software for modelling, simulating and design-
ing of concurrent, real-time embedded systems. It is a Java-
based component assembly framework. Ptolemy II includes
a growing suite of domains, each of which realizes a model
of computation. Some of the implemented domains are:
continuous-time modelling, discrete-event modelling, syn-
chronous dataflow and process networks with asynchronous
message passing. It also includes a component library, in
which most components are domain polymorphic as they
can operate in several domains.

3.4 Benchmark Results

Benchmark scenario is a simple Orthogonal Frequency Di-
vision Multiplexing (OFDM) system made up by a trans-
mitter, an Additive White Gaussian Noise (AWGN) chan-
nel, and a receiver. Transmitted bits are compared with

Platform 512 carriers | 1024 carriers | 2048 carriers
WM-SIM 10.25 s 19.75 s 39 s
VSS 24.8 s 50.6 s 101.1s
Simulink 66 s 131.3 s 265.5 s
Ptolemy 1T 225 s 450 s 895 s

Table 1: Time consumption for different compared
platforms.

the received ones to calculate the Bit Error Rate (BER).
Each simulation consists of the generation of 10000 OFDM
symbols and different numbers of carriers have been used,
namely: 512, 1024 and 2048. All platforms have been tested
using the same computer, an Intel Core Duo processor at 2.4
GHz and 2 GB RAM.

Simulation time for each platform is presented in Table 1.
Efficiency gain of WM-SIM with respect to VSS (2.5 times
faster) is related to the non-use of FIFO buffers to intercon-
nect blocks, avoiding unnecessary copies of data. Compari-
son with Simulink is even more favorable to WM-SIM, since
the latter is 6 times faster. On the other hand, Ptolemy
IT has the highest time consumption (over 20 times slower)
and it is clearly behind the other tools, which could be due
to the fact it runs in a Java Virtual Machine (JVM) [5].

4. WM-SIM LTE DOWNLINK MODEL

In this section, WM-SIM is tested for developing and eval-
uating an actual and complex model based on LTE tech-
nology specifications. Modelled scenario consists of a Base
Station (evolved-Node B or eNode B in LTE terms) trans-
mitting data to several User Equipments (UEs). Only down-
link direction of the Physical and Medium Access Control
(MAC) layers has been implemented and evaluated.

4.1 LTE Overview

LTE introduces important changes in the radio interface
to improve the spectral efficiency and it is expected to be-
come a high-data-rate, low-latency and packet-optimized
radio-access technology [4]. Main LTE features are:

e Scalable bandwidth from 1.25 MHz up to 20 MHz.

e Peak data rate up to 100 Mbits/s in downlink and 50
Mbits/s in uplink (for 20 MHz bandwidth).

e Support latency below 5 ms in the user plane and be-
low 20 ms in the control plane.

e Support for Multiple-Inputs Multiple-Outputs (MIMO)
up to 4x4.

e Adaptive Modulation and Coding (AMC) allowing keep-
ing the average Bit Error Rate (BER) below a prede-
fined target value.

e It is based on Orthogonal Frequency Multiple Access
(OFDMA), which allows frequency-dependent link adap-
tation for dynamic resources allocation.

4.2 Simulation Results

Several simulations have been carried out in order to ana-
lyze the implemented LTE downlink system. Different schedul-
ing algorithms and transmission modes (SISO or MIMO
2x2) have been evaluated, as well as the impact of UE speed



on system performance. Simulation parameters are listed in

Table 2.

Parameter Value
Carrier frequency (fc) 1.8 GHz
Sampling frequency (fs) 30.72 MHz

Channel type Flat Rayleigh
UE speed (v) 11 m/s
Cyclic prefix length 144 samples
Bandwidth 20 MHz
Number of data carriers 1200
FFT size 2048
Coding rate 1/3
Feedback delay 0.5 ms
Antenna correlation 0

Table 2: Simulation Parameters

Figure 3 shows delay results for different UEs and both
for RR and BC scheduling algorithms. Average SNR values
for each UE follows a log-normal distribution with 20 dB
mean and deviation of 3 dB. With BC algorithm, delay for a
particular UE depends on channel conditions and, therefore,
users with a worse channel will experience longer delays.
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Figure 3: Delay evolution for 5 UEs with RR and
BC scheduling.

SISO and MIMO 2x2 with Spatial Division Multiplexing
(SDM) transmission schemes are compared in terms of spec-
tral efficiency in figure 4. Spectral efficiency for MIMO-SDM
doubles the value for SISO mode for the same BE Rz (10™2)
value. Efficiency decreases gradually as BE Ry is more re-
strictive.

S. CONCLUSIONS

WDM-SIM platform has been shown as an useful and effi-
cient tool for implementing and simulating complex commu-
nication systems. It includes a library of behavioral blocks
and some auxiliary libraries with useful functionalities for
signal processing and communication systems.

Benchmark results show that WM-SIM outperforms VSS
by a factor of 2.5, and comparison with Simulink and Ptolemy
II are even more favorable. Better performance of WM-SIM
platform is due to the following features:
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Figure 4: Spectral efficiency versus SNR for SISO
and MIMO 2x2.

e Copies of data between blocks are avoided since inter-
connections are managed by memory references.

e Models are built into an stand-alone executable file
that only uses the required resources.

e WM-SIM is dataflow oriented, i.e. execution is man-
aged by generation and consumption of data, which
is suitable for systems that involve signal processing
algorithms.

Finally, several simulation results for a LTE downlink
model built on WM-SIM have been presented as an example
of evaluating wireless mobile systems.
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