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Abstract— This paper presents SPHERE, a Simulation Platform
for HEterogeneous wiRFEless systems, and describes its
motivation, methodology and implementation approach. This
advanced system level simulation platform emulates
simultaneously the transmission of GPRS, EDGE Multi-slot,
HSDPA and WLAN at the packet level, which allows conducting
novel investigations on common radio resource management for
beyond 3G systems or on the optimization of radio resource
management techniques. This paper presents the simulation
platform, validates it and introduces its research potential.

Heterogeneous Access Networks, Simulation Platform, System
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1. INTRODUCTION

Once commercial 3G deployments are well on their way,
research activities on the definition of beyond 3G (B3G) or
fourth generation (4G) systems have started for a few vyears.
There is a strong research consensus in that B3G or 4G systems
will be characterized by the integration and joint management
of various Radio Access Technologies (RATs), including
current 2G/3G/3.5G cellular networks, WLAN, broadcasting
systems and any potential new technology that might appear in
the future. In this context, an important challenge in the path
towards B3G heterogeneous wireless systems 1s to guarantee
the interoperability and efficient management of the different
RATSs with the aim to guarantee the required Quality of Service
(QoS) level and increase system capacity. As a result, strong
efforts are being undertaken in the research community to
define and optimize a Common Radio Resource Management

(CRRM) framework [1].

The increasing complexity of current and future mobile
wireless technologies requires the implementation of adequate
platforms to evaluate and optimize their performance. Before
considering a prototype or full-scale deployment, the use of
simulation platforms 1s becoming increasingly common within
the research commumity due to its cost/benefit ratio. However,
it is important that to conduct meaningful and appropriate
studies, such simulation platforms implement accurately the
entities and process under evaluation The implementation of
such advanced simulation tools has become a very challenging
task when mvestigating CRRM techniques since different
RATSs need to be simultaneously emulated in a single platform.
Different research projects have been looking at the
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development of heterogeneous simulation platforms. For
example, the work reported in [2] investigated different traffic
distribution policies among a variety of RATs. However, the
work was conducted at the session level and the simulation
platform employed did not model each RAT’s radio interface
or the radio propagation effects. As a result, although the
simulation platform allowed an investigation on load balancing
schemes, it was not able to accurately determine final user
perceived QoS values given its limitation on the radio
modeling side. Related investigations on traffic distribution
algorithms in heterogeneous wireless networks were presented
in [3]. To conduct their investigations, the authors implemented
a simulation tool that takes mnto account propagation models
and some specific RAT-features although it does not model the
complete radio transmission process. A different approach was
considered in [4] where the authors considered an analytical
model that relates the experienced CIR to the user perceived
throughput. Nevertheless, the increasing complexity of mobile
and wireless communication systems increases the difficulty of
studying the performance of new techniques through analytical
models. In fact, analytical studies usually require many
simplifications and approximations that limit the accuracy and
reliability of the obtained results. Important European projects,
such as EVEREST, have also conducted advanced research
work on heterogeneous wireless systems and CRRM
techniques (EVEREST considered a GERAN-UMTS-WLAN
scenario). This project has developed an interesting real-time
emulator to demonstrate potential benefits of CRRM
mechanisms [5]. This approach differs from the considered in
this project where interest is place on system performance of
CRRM techniques. Another significant heterogeneocus wireless
project is WHYNET project [6]. This project intends to
develop a wireless hybrid network testbed to assess cross-layer
interactions in heterogeneous wireless systems. However this
project is more centered on sensor and mesh networks rather
than focusing on CRRM in cellular systems.

The previous discussion has highlighted the availability of a
variety of simulation tools devoted to conduct research on
heterogeneous wireless systems. As explained, the modeling
detail of these tools strongly depends on the type of work being
conducted. Although each presented simulation platform 1s
valid within their research framework, to the best of the
authors’ knowledge, there is not any simulation platform
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available that implements at the packet/slot level different
RATSs and enables their simultaneous and parallel emulation.

In this context, the University Miguel Hernandez and the
Polytechnic University of Valencia have developed a novel,
ambitious and scalable radio simulation platform for
heterogeneous wireless systems, named SPHERE (Simulation
Platform for HEterogeneous wiRkEless systems), under a
common national research project. The platform currently
integrates four advanced system level simulators, emulating the
GPRS (General Packet Radio Service), EDGE (Enhanced
Data-rates for GSM/Global Evolution), HSDPA (High Speed
Downlink Packet Access) and WLAN RATs. The unique
simulation platform emulates all four RATs in parallel and at
the packet level, which enables an accurate evaluation of the
final user perceived QoS through the implementation of novel
CRRM and RRM mechanisms. The radio interface
specifications of these four technologies have been faithfully
implemented in the SPHERE simulation platform, which
works with a high time resolution (in the order of some
milliseconds). This modeling approach validates the capability
of the SPHERE simulation platform to dynamically and
precisely evaluate the performance of RRM/CRRM technmiques.
The platform has been developed following a modular and
scalable design, which guarantees an easy adaptation of the
platform configuration to specific requirements, and allows the
rapid integration of new RATs. In particular, the research team
1s considering the future expansion of the platform to also
emulate the UMTS and Mobile WiMAX radio interfaces.

The interest of the SPHERE platform and the research
being conducted 1s highlighted by the support of important
companies in the mobile and wireless industries, such as
Motorola, Swisscom Innovations and Telefonica I+D, to the
research project developing SPHERE.

II. RaDIO ACCESS TECHNCLOGIES

As it has been previously said, the SPHERE simulation
platform currently emulates GPRS, EDGE, HSDPA and
WLAN transmissions. This section briefly summarizes the
main characteristics of these radio interfaces with regard to
SPHERE.

A GPRS

The GPRS radio interface is based on a combined
FDMA/TDMA multiple access mechanism and a FDD scheme.
The GPRS standard can be modeled as a hierarchy of logical
layers with specific functions. Prior to transmission, data
packets are segmented into smaller data blocks across the
different layers, with the final logical unit being the Radio Link
Control block which has a duration of 20ms. The resulting
RLC data blocks are then coded and block-interleaved over
four normal bursts in consecutive TDMA frames. Although
GPRS is based on a single modulation scheme it defines four
different coding schemes (see Table 1) that have all been
emulated within SPHERE.

A GPRS TDMA frame is equal to 4.615 ms and is divided
into eight 0.577 ms time-slots. Such time-slots impose the
SPHERE time resolution for the GPRS radio interface. GPRS
defines a temporal hierarchy with higher order structures such

as super- and hyper-frames that have not been implemented in
SPHERE since the platform is aimed at radio resource
management investigations.

TABLEI. GPRS TRANSMISSION MODES
. Code Bits per Bit Rate
Mode | Modulation | pop Radio Block (bps)
Cs-1 GMSK 1/2 181 5.05
cs2 GMSK ~2/3 263 13.4
CS3 GMSK ~3/4 312 15.6
sS4 GMSK 1 128 204
B. EDGE

The EDGE radio interface is based on the same multiple
access scheme as GPRS, but considers different transmission

modes

implemented

{Modulation and Coding Schemes,
in the

MCS),

all

SPHERE platform following the
description in Table II. The main difference to GPRS is the
mtroduction of SPSK, a
theoretically increases EDGE data rates by a factor of three.

multilevel

modul

ation that

TABLEIL EDGE TRANSMISSION MODES
: Code : Bits per Bit Rate
Mode Modulation Rate Family Radio Block (kbps)
MCS-1 GMSK 0.53 C 1x176 8.8
MCS-2 GMSK 0.66 B 1x224 112
A pad. 1x272 13.6
MCS-3 GMSK 0.85
A 1 x 296 14.8
MCS-4 GMSK 1.00 C 2x 176 17.6
MCS-5 8-PSK 0.37 B 2x224 224
A pad. 2x272 27.2
MCS-6 8-PSK 049 A > 796 296
MCS-7 8-PSK 0.76 B 4x224 44.8
MCS-8 §-PSK 092 A pad. 4x272 544
MCS-9 8-PSK 1.00 A 4 x 296 59.2

The EDGE transmission modes are divided into three
different families, namely A, B and C. Each family has a
different basic payload unit of 37 (and 34), 28 and 22 octets
respectively. Different code rates within a family are achieved
by transmitting a different number of payload units within one
radio block. For families A and B, 1, 2 or 4 payload units can
be transmitted per radio block, while for family C, only 1 or 2
payload units can be transmitted. These families are designed
to allow a radio block to be retransmitted with a transmission
mode, within the same family, different from that used in the
original transmission; this option 1s not possible in the current
GPRS standard. A block received in error can be resegmented
and retransmitted using a more robust transmission mode
within the same transmission family.

The GPRS and EDGE transmission procedures are very
similar, although some differences for high order modes are
appreciated. When 4 pavload units are transmitted (MCS-7,
MCS-8 and MCS-9), these are split into two separate blocks.
These blocks are n tumn interleaved over only two bursts, for
MCS-8 and MCS-9, and over four bursts for MCS-7. All the
other MCSs can only transmit a single block that is interleaved
over four bursts. When switching to MCS-3 or MCS-6 from
MCS-8, three or six padding octets are, respectively, added to
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fill a radio block. Identically to GPRS, the transmission of a
whole EDGE radio block requires 20 ms.

C. HSDPA

HSDPA is based on a CDMA multiple access scheme and
considers both a FDD and TDD component, although SPHERE
only emulates the FDD one. The FDD mode operates at a chip
rate of 3.84 Mcps, which results in an approximated bandwidth
of 5 MHz. In the time domain, a Transmission Time Interval
(TTI) of 2 ms 1s defined. A TTI is further divided into three
667 us slots. In the code domain, channelization codes at a
fixed spreading factor of 16 are used. Multi-code transmission
to a single user during a TTI is also allowed.

HSDPA achieves high data rates of up to 14 Mbps by
means of adaptive modulation and coding (AMC), fast
scheduling mechanisms (each TTI) and a powerful Hybrid
ARQ mechanism. AMC or Link adaptation (LA) is a process
of paramount importance to optimize system functioning. Its
operation 1s based on user equipment reporting the channel
state either cyclically or in a triggered-based manner by means
of the Channel Quality Indicator (CQI). The definition and
processing of the CQIs is explained in detaill in [7]
Numerically, CQI varies from 1 to 30, increasing its value
when the channel quality augments. To model the radio
channel quality, the simulations reported in this paper
considered several look-up tables (LUT) matching the SINR as
a function of the BLER; in particular, one for each CQI such
that the maximum CQI can be calculated considering a specific
QoS. These LUT also mclude the effect of the HARQ
retransmission with chase combining,

The available number of codes has also been carefully
taken into account and, in the same way, power consumption of
all the control channels has been considered to determine the
available power per user. Assuming code multiplexing of »
users per TTI, » HS-SCCH channelization codes should be
allocated, whereas the available power is equally divided
among the » users. The maximum number of HS-SSCH codes
has been set to 4.

D. WLAN

Current WLAN standards do not contemplate the same
level of radio resource management functionality than mobile
systems. However, extensions that support a more advanced
RRM framework have been developed in standardization
bodies. In this context, SPHERE implements the 802.11e
specification, which provides more advanced MAC
mechanisms to support QoS. This standard specifies two access
mechanisms, the Enhanced Distributed Channel Access
(EDCA) and the HCF controlled channel access (HCCA).
According to the literature, the optimum system operation
corresponds to the case in which both access mechanisms work
together, and this is the philosophy followed in SPHERE.

At physical layer both WLANs 802.11b/g versions have
been implemented. Table III summarizes the list of properties
for both specifications. In SPHERE, user equipments are
simply characterized by the receiver sensitivity (S) and the
transmission power which has been set to 100 mW (20 dBm).

TABLE III. WLANPHY MAIN CHARACTERISTICS

Max PHY Max MAC 5
Scheme Mod. Data Rate Data Rate Family (dBm)
(Mbps) {(Mbps)
BPSK 1 0.8 11b -94
QPSK 2 1.2 1lb -92
D585 CCK 55 3 11b -91
CCK 11 54 11b -89
BPSK 6 4.1 d1g -82
BPSK 9 5.8 11g -81
QPSK 12 7.1 11g -79
QPSK 18 9.4 11g -77
OFDM, 16QAM 24 11.0 1lg -74
16QAM 36 133 dlg =70
64QAM 48 168 1lg -66
64QAM 54 178 1lg -65

III. THeE SPHERE PLATFORM

Fig. 1 shows the scenario modeled by the SPHERE
platform which includes the GPRS, EDGE, HSDPA and
WILAN radio interfaces. As shown in Fig. 1, the SPHERE
platform does not only model the radio interface of the four
technologies but also implement various RAT specific RRM
features and a centralized CRRM entity. This entity directly
collects specific RAT information (e.g. load, channel quality
conditions, etc) and interacts with the RRM entities
implemented at each RAT.

Internet

Data Flow
Status Report

——————— Change Reguestin Resource Allocation
——————— Decision of RRM

Figure 1. SPHERE heterogeneous scenario

A logical structure of the SPHERE simulation platform,
which 1s a discrete-event system level simulator concentrated
on the downlink performance, 1s shown mn Fig. 2. The
components shown in this figure, their features, interactions
and data flow will be described in the following sections.
Finally, the potential of the platform to conduct advanced
research on the design, evaluation and optimization of CRRM
and RRM techniques will be demonstrated.
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