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Executiv e Summary

The aim of Task 2.3 of the MASCOT project is the development, testing,
and demonstration of multi-user (MU) MIMO algorithms. This deliverable
describes the status of this work, the implemented setup, and the planning
of the work ahead. A summary of the corresponding milestonesand the
updated time line are provided in Fig. 1. The testbed setup to be used
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Figure 1: Overview of planning for the development of the MASCOT MU-
MIMO testbed

within MASCOT is comprisedof two components: A real-time MAC/PHY
testbed which is basedon the ETHZ MIMO-OFDM testbed [4] and a PHY
testbed for real-time over-the-air transmissionwith o�ine processing.

The development of these testbeds is partitioned into two phases: The
�rst phaseis concernedwith the preparation of the hardware. The milestone
which marks the completion of this �rst phase will be reached with two
months delay (31.07.2007insteadof 31.5.2007).The real-time demonstration
setup reached at the end of this phasewill be comprisedof three terminals.
The secondphaseof the project is concernedwith the implementation of
MU-MIMO algorithms on the real-time testbed. The corresponding setup to
be completed31.12.2007(M2.3.2) will be comprisedof 5 terminals and will
be basedon an extendedhardware platform comparedto the oneusedin the
�rst phaseof the project.
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Chapter 1

Description of the MASCOT
MU-MIMO Testb ed

1.1 Real-Time MU-MIMO Testb ed

The real-time MU-MIMO testbed used within MASCOT is basedon the
ETHZ MIMO-OFDM point-to-p oint testbed [4] described in Sec.2.1. The
setup to be developed as a basis for implementing and testing MU-MIMO
algorithms is illustrated in Fig. 1.1. The �nal system is comprisedof �v e
identical modems. Each modem employs a MIMO-OFDM PHY layer with
four transmit and four receive antennas with support for 20 MHz commu-
nication bandwidth. This PHY layer is loosely basedon that of the IEEE
802.11nstandard, but it deviatesfrom the standard in a number of details
which (in the testbed) are designedto simplify the systemarchitecture to be
better suited asa research platform for MU-MIMO algorithms. The baseline
systemalsoprovidessomebasicMAC layer functionsasthe basisfor the test-
ing of MU-MIMO MAC-layer algorithms such asscheduling, rate adaptation,
and precoding. These functions are implemented on a PowerPC processor
and on somededicatedsupport logic which are both tightly integrated with
the PHY layer. The corresponding systemdesignensureslow-latency com-
munication between the MAC and the PHY layer and provides full access
for the MAC layer to all relevant PHY layer parameters(e.g., SNR, received
signal strength, and channel estimates).

The rationale to implement most of the MU-MIMO MAC layer function-
ality in softwarerather than completelyin hardwareis that it is expectedthat
the performanceof a software-programmablearchitecture is su�cien t to test
relevant MAC layer algorithms such as rate-adaptation and MU scheduling.
The advantage of such a mostly software-basedMAC architecture is that
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6 MASCOT D2.3.1

it provides the highest degreeof 
exibilit y in terms of algorithm develop-
ment and that it considerablysimpli�es the integration and testing of new
algorithms.

T4 T1

T3 T2

Phase 1

T2

Figure 1.1: Overview of the MU-MIMO testbed baselinesetup for real-time
demonstrations. The shadedarearepresents the setup to be realizedwithin
Phase1 of the project (M2.3.1).

1.1.1 Phase-1 PHY/MA C Extensions (M2.3.1)

The �rst stepin the development of a MU-MIMO demonstratorfor the MAS-
COT project is to provide a framework for implementing and testing MU-
MIMO algorithms. In addition to the ETHZ MIMO-OFDM testbed, the
correspondingsystemto beusedwithin MASCOT providesa low-complexity
RF, a bidirectional MIMO-OFDM PHY layer, and a hardware infrastructure
suitable as a basis for a real-time MU-MIMO MAC implementation and a
corresponding MAC API which constitutes the basis for the development
of the MU-MIMO MAC. This API allows to sendand receive data and ac-
knowledgment packets, check the CRC of a received packet, and to assess
the status of the transmissionmedium for channelaccesscontrol. Moreover,
it provides various timers and interrupts to control the frame-timing. Each
modem can either serve as a terminal in a decentralized system con�gura-
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tion or as either terminal or basestation in a centralized setup. The initial
demonstration is done in a con�guration with three modems. One modem
acts as a base-station,serving two other devicesacting as terminals under
the control of a MAC with a centralized scheduler.

1.1.2 Phase-2 MU-MIMO Testb ed Extension

The secondgenerationreal-time MU-MIMO testbedis comprisedof �v e iden-
tical modemsas illustrated in Fig. 1.1. The PHY, MAC, and RF of these
modemsare basedon the �rst generationsystem,outlined above. However,
the PHY and MAC layers will be integrated on a new hardware platform.
As opposedto the initial development platform, this secondgenerationsetup
will be the basisfor the MU-MIMO demonstrationsto be performedwithin
MASCOT (M2.3.2). The redesignof the hardwareis necessary, sincethe orig-
inal platform contains components which are no longer available, preventing
the replication of the system to construct scenarioswith more than three
modems. The corresponding redesignof the hardware platform addresses
the needto substitute theseobsoletecomponents and at the sametime ex-
tends the available hardware resourcesfor MU-MIMO extensionsby using
larger FPGA devicescomparedto the �rst generationplatform. Moreover,
this systemhasprovisions to add a daughter board with a PHY layer ASIC
and to use all FPGA resourcesfor the implementation of a corresponding
MAC layer.

1.2 Non Real-Time MU-MIMO Demonstra-
tor

The real-time MU-MIMO demonstrator described above has a considerable
complexity (especially at the PHY layer) and the need to meet stringent
real-time requirements for the signal-processingmakes the integration and
testing of new algorithms a time-consuming task. Hence, it is advisable
to focus on MAC-layer algorithms and on the most promising PHY-layer
algorithms which require real-time operation (e.g., feedback of channel state
information) for real-time demonstrations.Algorithms which requireno real-
time processingcan be testedand demonstratedunder real-world conditions
using a combination of real-time transmissionwith o�ine signal-processing.
A suitable test setup is illustrated in Fig. 1.2.

The correspondingtestbedusesMATLAB asa tool for implementing MU-
MIMO coding and basebanddigital signal processingalgorithms. Real-time
transmissionand reception is performed on a frame-by-frame basisusing a
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Figure 1.2: Non real-time Phase1 MU-MIMO testbed setup for assessment
of real-world link and PHY characteristics.

combined FPGA/RF platform [2] which supports narrowband or wideband
transmissionswith up to 40 MHz bandwidth.

The �nal setup will be comprisedof up to �v e identical terminals. The
�rst application of the setup is the comparison of di�erent transmission
schemes,including spatially-multiplexed Alamouti codes,Golden codes [5],
MU-STBCs developed in [3], and straightforward spatial multiplexing.



Chapter 2

MU-MIMO Extensions to the
ETHZ MIMO Testb ed

2.1 The ETHZ MIMO-OFDM Testb ed

An overviewof the hardwarearchitecture of the ETHZ MIMO-OFDM testbed
[4] is provided in Fig. 2.1. The setup, which constitutes the basis for the
MASCOT MU-MIMO testbed, supports a unidirectional point-to-p oint link
under the control of a PHY-layer API which is implemented in MATLAB on
a host-PC. This API allows to conduct PHY-layer measurements, but is not
well suited as a basis for the implementation of a MAC layer (mainly due
to increasedcommunication latencieson the PCI bus betweenthe host-PC
and the PHY layer, and due to the absenceof embeddedprocessorresources
appropriate for MAC layer processing).

PC RF box

Tx signals @ 20 MHz IF

Rx signals @ 20 MHz IF

PCI
card

RF signals
@ 2.4 GHz

FPGA modules

Figure 2.1: Schematic overview of the ETHZ MIMO-OFDM testbed
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2.1.1 PCI-Based FPGA Platform

The employed PCI platform, shown in Fig. 2.2, hosts three hardware mod-
ules: a large FPGA (Xilinx XC2V6000-6) module for basebandsignal pro-
cessingand two converter modulesfor digital-to-analog and analog-to-digital
signal conversion. On an FPGA (Xilinx XC2V1000-4) provided on each of
the converter modules, the basebandsignals are digitally converted to an
intermediate carrier frequency(IF) of 20MHz. Hence,the total number of
converters is reducedby a factor of two comparedto traditional baseband
systemswith separateconverters for the I and Q components. Incidentally,
the digital IF also avoids any I/Q imbalance,however, at the cost of higher
sampling rate and resolution. Both the 14bit digital to analog converters
(DACs) and the 12bit analogto digital converters (ADCs) run at a sampling
rate of 80Msps.

Figure 2.2: Picture of the PHY layer processingplatform from Hunt En-
gineering used for the PHY-layer processingin the ETHZ MIMO-OFDM
testbed.

2.1.2 Analog RF Fron tend

The RF box associated with each terminal is shown in Fig. 2.3. The MIMO
transceiver chain is comprisedof four SISOsuper-heterodyne RF chainswith
an analog IF of 475MHz. The chains are build from discrete RF compo-
nents and support 20MHz bandwidth channels with center frequenciesin
the 2.4GHz ISM band. The received signal power at the ADCs is regulated
by digitally controllable analog attenuators. Theseattenuators extend the
dynamic rangeof the receive chains by 31dB. In conjunction with the 12bit
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resolution of the ADCs, the usefuldynamic rangeamounts to approximately
70dB.

Figure 2.3: Picture of the RF box, built from discreteRF components, used
in the ETHZ MIMO-OFDM testbed

2.1.3 Soft ware Stack

The testbed is controlled from a host-PC through multiple layersof software
that allow communication with the hardware. The software stack includesa
hardware driver for the PCI board, a transceiver-speci�c API that provides
several functions (for the digital basebandcon�guration and the transmission
or reception of OFDM frames), and a MATLAB interface (MEX) function
to call these API functions. Demo applications, con�guration tools, and
measurement sequencesare programmedas MATLAB scripts.
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2.2 MIMO Testb ed Hardw are Extensions

The schematic of the MASCOT MU-MIMO testbed hardware setup is pro-
vided in Fig. 2.4. The goalsof this modi�ed setup as opposedto the one
usedin the ETHZ MIMO-OFDM testbed are to integrate MAC layer hard-
ware together with the PHY layer and to add an integrated RF to enable
replication to a multi-user setup.

baseband
signals

2.4/5.2 GHz

MAC PHY RFApplication

Figure 2.4: Schematic overview of the MASCOT MU-MIMO testbed

PHY/MA C platform The MAC and the PHY layer of the system are
both implemented on the FPGAs of the ETHZ VAMP 1 prototyping plat-
form [1] shown in Fig. 2.5. The core elements of this prototyping system
are two XILINX Virtex-I I Pro FPGAs (XC2VP50-5-�1517) which provide
programmablelogic resources,integrated multipliers, and each FPGA con-
tains two embeddedPowerPC processors.The latter are well suited for the
implementation of the MAC layer of the MASCOT MU-MIMO testbed since
they can be tightly integrated with the logic of the PHY allowing for low
PHY/MA C interface latencies.

RF platform The integrated MIMO RF developed within the MASCOT
project is calledETHZ QuadBAT [2] and shown in Fig. 2.6. This RF subsys-
tem is built using a modular approach in which up to four SISO chains can
be connectedto a central carrier board. This carrier board can be connected
to the PHY/MA C subsystem. The separationof the individual RF chains
ensuresmodularit y and good isolation betweenthe multiple RF chains. Each

1Virtex-I I Pro Astonishing Multi Purpose(VAMP) board
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Figure 2.5: Picture of the ETHZ prototyping FPGA platform (VAMP
board) [1]

RF chain is built around a MAXIM MAX2829 SISO RF transceiver ASIC
for WLAN and supports 2.4 GHz and 5.2 GHz operation with 20 MHz and
40 MHz bandwidth.

Figure 2.6: Picture of the integrated MIMO-RF with additional baseband
FPGA carrier (QuadBAT platform) [2]
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2.3 MIMO Testb ed PHY and MA C Exten-
sions

The high-level block diagram of the MU-MIMO prototyping systemfor im-
plementation and assessment of 802.11n(MIMO) PHY and MAC algorithms
is shown in Fig. 2.7. The overall prototyping systemconsistsof several parts:
a host-PCto run application and control software(e.g. MATLAB), an FPGA
baseboardcarrying two XILINX Virtex-I I Pro FPGAs with embeddedPower-
PCsandseveral peripheralICs (VAMP board), anda second,modular FPGA
subsystemimplementing parts of the MIMO PHY with digital (MIMO fron-
tend) and analog(RF) parts (QuadBAT platform). The VAMP prototyping
board connectsto the outsideworld either wired - through a 32 bit PCI bus
or a Gigabit Ethernet interface- or wireless- through the QuadBAT FPGA
subsystemincorporating alsoRF components.

The components of the FPGA subsystemare connectedthrough a high-
speedon-chip bus- the AMBA 2 Advanced High-PerformanceBus (AHB) - for
data transfer, and a low-speedon-chip bus - the AMBA Advanced Peripheral
Bus (APB) - for con�guration purposesand status information.

The FPGA prototyping systemis designedto incorporate a MIMO PHY,
a MU-MIMO MAC, an Ethernet MAC, and a Gigabit Ethernet connection.
Most of theseblocks areimplemented in hardware. However, signi�cant parts
of the MU-MIMO MAC and parts of the Ethernet MAC will be implemented
in software on the embedded PowerPC processor. The Ethernet interface
allows to operate the prototyping systemalsostand alonewithout host-PC.

Building blocks which arehighlighted orangein Fig. 2.7needeither imple-
mentation, adaptation or extensionto provide the basisfor the MU-MIMO
MAC functionality.

PHY in terface The interfacebetweenPHY and MAC layer had to be de-
�ned. The systemprovidestwo separatememorybu�ers, onefor the transmit
andonefor the receivepath. Thesetwo bu�ers togetherwith somemorefunc-
tionalities (CRC computation/check, master/slave interfaces,headergenera-
tion) are completeredesignscomparedto the ETHZ MIMO-OFDM testbed.

PHY fron tend With the newRF frontend shown in Fig. 2.6alsothe PHY
neededsomeadaptations. Digital up- anddown conversionis no longerneces-
sary asthis task is now alreadyperformedby the newanalog/RF subsystem.
Instead, up- and down sampling and somelow pass �ltering is necessary.

2AMBA: AdvancedMicrocontroller Bus Architecture
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Figure 2.7: Overview block diagram of the MAC/PHY architecture of the
MU-MIMO testbed

Furthermore, the automatic gain control (AGC) needsto be adapted to the
new frontend as well as the interface to the VAMP board.

Ethernet in terface An Ethernet interface with an AHB master inter-
faceproviding Direct Memory Access(DMA) in order to minimize the time
for data transfers had to be added. The Ethernet connectivity has been
implemented using a dedicated third-part y PHY chip supporting 10 Mbit,
100 Mbit and 1000Mbit transmissionmodes. A dedicated low-level MAC
layer for the communication with the PHY chip hasbeenimplemented in the
FPGA. The low-level Ethernet MAC is properly operating in both, 100Mbit
and 1000 Mbit modes. The Ethernet link con�gured to 1000 Mbit mode
is intended to be the wired control and data connectionfor all MU-MIMO
modems. This con�guration will facilitate demonstrationsusing standard
IP-basedsoftware running on the terminal clients.
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PowerPC subsystem The PowerPC subsystemconsistsof an embedded
PowerPC 405CPU coreand variouscon�gurable components. The PowerPC
core itself is implemented as hardmacro on the FPGA die. The remaining
components are laid out as con�gurable IP blocks and designedto useordi-
nary FPGA resources(slices). Therefore, thesecon�gurable IP blocks need
FPGA synthesisand resourceallocation.

The PowerPC coreusesthe ProcessorLocal Bus (PLB) ascentral attach-
ment point for the remaining core or peripheral components. The con�g-
urable IP blocks involve corecomponents such asBlock RAM (BRAM) rep-
resenting instruction memory(IM) and data memory(DM), and two bridges,
the PLB2OPB and PLB2AHB bridge. The peripheral IP blocks are timer,
generalpurposeI/Os (GPIO), serial line (RS232),and interrupt controller.

The PowerPC subsystemis responsible for the entire MAC layer control
for both, the 802.11wirelessMAC and the 802.3Ethernet MAC. The Pow-
erPC subsystemreacts on speci�c events occurred within the PHY block
or the Ethernet low-level MAC (e.g. 'frame available'). These (periph-
eral) events are signaled as external interrupts to the interrupt controller
within the PowerPC subsystem.The interrupt controller then signalsthese
events through a centralized and direct connection to the processorcore.
The PowerPC can also be interrupted by programmableor periodic inter-
rupts (programmable/�xed interval timers), which might be suitable for the
coordination function within the MU-MIMO MAC.

Memory The external SRAM memoryis usedto managethe transmit and
receive queues. Entire frames(headerand payload) are stored there, while
the PowerPC only needsto know the frameheaderinformation to managethe
frames. The memory is connectedto the AHB bus and has an AHB slave
interface, which will be the target of DMA transfers initiated by di�erent
AHB masters, for instance AHB masters of the Ethernet MAC or of the
MIMO PHY-layer RX/TX bu�ers.

MA C Functionalit y There exist two di�erent MAC entities in this base-
line setup: a 802.3 Ethernet MAC and a 802.11wirelessMU-MA C. Both
MAC entities are mainly implemented in software and running on the em-
beddedPowerPC. The Ethernet MAC is in chargeof handling all incoming
and outgoing Ethernet tra�c. The MU-MIMO MAC dealswith the wireless
tra�c and has control of the MIMO PHY block. Its long-term architecture
is basedon the MAC layer features of the IEEE 802.11nstandard. The
communication betweenthe wired Ethernet MAC and the wirelessMAC is
handledby the data queueslocated in the external SRAM.
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The bring-up version of the MU-MIMO MAC will employ a simpli�ed
Point Coordination Function (PCF) operated by a single modem (central
arbiter) in order to have a well-controlled environment with strictly sched-
uled accessfor initial multi-user communication. Later, more advancedMU-
MIMO MAC versionsmay have a hybrid coordination function, a compound
of Distributed Coordination Function (DCF) and PCF, and might also in-
clude support for Short Interfr ame Spaces (SIFS), PCF Interfr ame Spaces
(PIFS), DCF Interfr ame Spaces (DIFS), and Extended Interfr ame Spaces
(EIFS). It must be noted, that the wirelessMAC (and especially its error
handling capabilities) must be designedrather robust in order to cope with
ordinary WLAN/ISM interference.A modular, layeredsoftware architecture
is planned to easefuture extensionsof the MAC functionality.

MU-MIMO Frame Structure The PHY-layer frame format for MU-
MIMO transmission- including beamformingmode - to several clients con-
currently is shown in Fig. 2.8. Di�eren t headersare foreseento support
various kinds of transmissionmodes. This draft conceptprovides the basis
for discussionsabout MU-MIMO transmission scenarios(and demonstra-
tions) and sketches also someimpacts of important architectural decisions
for both, hardware and software.
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Figure 2.8: Summary of the PHY-layer frame structure to be used for the
initial MU-MIMO testbed
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2.4 Non Real-Time MU-MIMO Testb ed

For the testing of MU-MIMO PHY layer algorithmsandtransmissionschemes,
a simpli�ed PHY-layer testbed with o�ine processingusing MATLAB is de-
veloped. The corresponding hardware is basedon the RF subsystemand
on the associated FPGA interface board usedfor the real-time MU-MIMO
testbed (cf. Fig. 2.6).

The basebandsamplesto be transmitted are provided by a host-PC
through a USB interface and are stored in the FPGAs internal and in the
carrier boards external memories. When an entire frame is available to the
FPGA, the basebandsamplesareupsampledto a samplingrate of 20MHz or
40 MHz and are sent to the RF boards. The receiversare synchronizedwith
the transmitter either through a cable or through a basic preamble which
can be detected through a matched �lter on the receivers FPGA. The re-
ceivedbasebandsamplesarethen storedagainin memoryand aretransferred
through the USB interface to the host-PC for o�ine processing/decoding.



Chapter 3

Testb ed Extension Summary
and Roadmap

A summary of the testbed infrastructure to be used within MASCOT is
provided in Tbl. 3.1. The corresponding milestonesand planned dates of
delivery are alsogiven in the table. Note that the date of delivery for M2.3.1
has been postponed by two months comparedto the original proposal. A
list of tasksperformedsincethe start of the project and the planning for the
tasks remaining to achieve the proposedmilestonesare provided in the next
section.

Table3.1: Overviewof the evolution of the MU-MIMO testbedinfrastructure
to be developed/used within MASCOT

MASCOT
ETH Testbed Phase-1a Phase-2 Phase-1b

Delivery 31.7.2007 31.12.2007 31.7.2007
Milestone M2.3.1 M2.3.2 M2.3.1
Antenna Con�g. 4� 4
Modulation MIMO-OFDM MIMO

PHY-DSP
Real-time O�ine

FPGA MATLAB
RF discrete integrated
# of terminals 2 3 5 5
# of FPGAs 1 2+1 2+1 1
Logic cells 76.8K 161.5K 339.3K 55.3K
DSP resources 168 976 896 512

Connectiontype
point-to-p oint point-to-multip oint
unidirectional bidirectional unidirectional

20
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3.1 Tasks and Milestones

MU-MIMO OFDM Testb ed Extensions (M2.3.1) Tbl. 3.2 lists the
key work items for the extension of the ETHZ MIMO-OFDM testbed to
support the development of a MU-MIMO demonstrator.

Table 3.2: Workplan for extensionof the ETHZ MIMO-OFDM testbed
Task Status Deadline
MIMO-OFDM PHY implementation Complete
Integrated SISORF Complete
Integrated MIMO RF Complete
Baseband/RF integration In progress 25.5.2007
PHY/MA C systemarchitecture Complete
PHY/MA C integration In progress 20.6.2007
Replication of MIMO RF In progress 1.6.2007
Implementation of 3-terminal demonstration To be done 31.7.2007

O�ine pro cessing MU-MIMO Testb ed Tbl. 3.3lists the tasksrequired
for setting up a MU-MIMO testbed and a demonstrationof di�erent STBCs
with real-time transmissionand o�ine processingin MATLAB.

Table3.3: Workplan for building a MU-MIMO PHY-layer testbedwith o�ine
processing

Task Status Deadline
DesignFPGA platform Complete
Replication of FPGA platform To be done 1.6.2007
MATLAB interface implementation In progress 15.7.2007
STBC MATLAB simulations In progress 1.6.2007
Implementation of STBC demonstration To be done 1.7.2007

MU-MIMO OFDM Demonstration (M2.3.2) Tbl. 3.3 lists the tasks
requiredand the expectedcompletiondatesfor a real-timedemonstrationand
for initial measurements using the MASCOT real-time MU-MIMO testbed.
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Table 3.4: Workplan for the demonstration of the MU-MIMO testbed
Task Status Deadline
FPGA platform architecture Complete
Schematic entry and layout To be done 15.7.2007
FPGA platform production To be done 1.9.2007
Implement PHY/MA C on revisedplatform To be done 1.10.2007
De�nition of the MU-MIMO demonstration To be done 1.7.2007
MU-MIMO MAC speci�cation To be done 1.8.2007
MU-MIMO MAC development To be done 1.12.2007
MU-MIMO measurements To be done 14.12.2007

3.2 Risk Analysis

Milestone M2.3.1 provides the basis for the extension of the testbed to a
MU-MIMO system. Any delays in this milestonewill put more pressureon
achieving the milestoneM2.3.2 which correspondsto the �rst demonstration
of a MU-MIMO system. However, since all components of the setup have
already beentested individually (especially the boards) delays due to major
functional problemsin any of the components of the systemare unlikely. A
bottle neck is the fabrication of the RF subsystemfor which currently only 2
boardshave beenpopulated. However, we expect that the remaining boards
can be completed in time. Moreover, such a delay would not in
uence the
time line of the work aheadand is thus not critical.

To further minimize the risks associated with delays in the designprocess
of the extremely complex real-time system, a demonstrator with non real-
time processinghas been added to the testbed infrastructure. This setup
will allow to test PHY layer algorithms and coding schemesunder real-world
conditionswith a minimum e�ort sincesignalprocessingcanbe implemented
in softwareon a host-PC.Relevant resultscaninitially bedemonstratedusing
this platform. Hencedelayed migration of the real-time platform does not
hinder progressin the demonstration of MU-MIMO algorithms over real-
world channels.

The main risks associated with the timely delivery of M2.3.2aredelays in
the redesignprocessof the VAMP2 platform, underestimation of the e�ort
requiredfor the implementation of a MU-MIMO demonstrationand a lack of
processingresourceson the hardwareplatform. The �rst point is mitigated by
outsourcingthe designof the VAMP2 platform to an experiencedcompany.
To minimize risks associated with the MAC layer developments, a MAC soft-
ware expert will be joining the team at ETH in June 2007. Risks associated
with resourceconstraints of the prototyping platform are mitigated by using
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top-of-the-line devicesfor the VAMP2 platform and by providing provisions
to put the PHY layer designon an ASIC leaving all FPGA resourcesto be
usedby the MAC layer.
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