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Executive Summary

In this document, the Omega PLC demonstration hededsults obtained with it are presented. Dematistr is
composed by two parts: the PLC transmitter-recdieards and the channel emulator.

The PLC transmitter-receiver boards is first démmti showing the analog front end part enabling tha
transmitted signal is satisfying regulation corigtia Physical layer digital part is then descriteslit was
implemented into PLC demonstrator, as well as thardb architecture and a description of the maitwsot
functions that are needed to pilot PLC boards.

The PLC channel emulator is presented includingraiare and analog architecture description andvisigo
the main functionalities offered by this prototyipglementation.

The Omega PLC performances are then evaluated ciomgpeogether the PLC transmitter-receiver boamd
the channel emulator, results are given for thebehannel classes as previously defined in Onaejmerable
D3.2[5].

Finally, using the PLC board implementation woHe estimated cost of the future Omega chipsevisngi
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Acronym Meaning

AFE Analog Front-End
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PHY Physical
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SNR Signal to Noise Ratio
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1 Introduction

In first studies of Omega PLC work packages w&k8], it was shown that data rate of existing PL@darcts
can be strongly increase in most of PLC channelsaddition to theoretical studies and simulationg o
important part of the Omega project is to demonestitae feasibility such improvements.

This document presents the prototype implementatiothe Omega PLC demonstrator using a [0-100] MHz
frequency band and satisfying regulation constsaastit was defined in Omegg]. It also shows how the PLC
prototypes were tested to give performance resultsalistic PLC environment.

Finally, it gives a cost estimation of the futuren@ga PLC chipset.
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2 PLC physical layer

Current most widely deployed PLC products are caanplwith HomePlug AV standar¥] that uses [0-30]
MHz band. The goal of Omega physical layer for AHk@o improve the achievable data rate by enlargjireg
frequency band to [0-100] MHz and optimizing modigla parameters while keeping backward compatbilit
with HomePlug standard. The following sections déscthe Analog Front-End part and the physicaktay
digital signal generation.

2.1 Analog Front-End

When transmit power constraints have to be satisfids necessary to design an Analog Front-EndEApart
that will allow to respect these constraints wisigisfying a good signal quality. In Figure 1 thensmit power
spectral density is represented when the limitaisoset at -55 dBm/Hz from 0 to 30 MHz and at -&hdHz

for the higher frequencies. This constraint is miadsatisfy main PLC standards and also EMC reiuiaules
as depicted ifi6]. The low-band limitation allows to be compathhith HomePlug AV standafd], which is a
requirement of PLC work package within Omega. Nbs the [0-30] MHz band will include several natshas
depicted in7], even if this does not appear in Figure 1.

The psd limit values -55 and -85 dBm/Hz are exmeésgith quasi-peak settings. It is generally adsdithat a 7
dB margin must be subtracted to these values te RS values, giving -62 and -92 dBm/Hz.

Figure 1: transmit power spectral density limit

In Figure 2, a block diagram of the Analog FrondEAFE) is shown for both transmission and receppart.
It is a baseband architecture including DigitalAtmalog Converter (DAC) at the transmission and analdgue
to Digital Converter (ADC) at the receiver sidecle@f them working at 200 MHz sampling clock with hits
resolution.
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Figure 2: Omega AFE block diagram

2.1 Digital domain signal definition

As one of the target is to satisfy HomePlug conigiletyi, the modulation selected for signal genematwill be
OFDM with pulse shaping in the same sense it inddfinto HomePlug AV specificatigif], with the main
parameters:

B = 100 MHz: the maximum frequency

N = 8192 the FFT size: 4096 carriers are usederj@tL00] MHz band
f=100e6 / 4096 = 24.4141 kHz, the carrier spacing

Gl =1112 or 1512 or 9424 samples, the guard iaterv

Rl = 992 samples

- Mapping: QAM constellations are used with 0, 1324, 6, 8, 10, 12, 14 bits, allowing up to QAM-843
constellation use.

These parameters allow to be fully compatible wiimePlug AV by switching off carriers above 30 MHhe
symbol period obtained is N+GlI (c.f. Figure 3).

X.! " H% X

I

I I 1
I I I
I

P '

Figure 3: OFDM symbol timing

As in HomePlug AV, each frame in made of a preanblframe control and a payload symbol, which knab
AV frame encoding & decoding. The FEC is a turbdesadaken from HomePlug AV specification.
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Figure 4: Omega physical layer block doagram

3 Demonstrator architecture

For the second generation of the PLC prototypehysipal layer oriented demonstrator will be develbpo
demonstrate the feasibility of a high rate transiois over PLC network.

3.1 Physical layer oriented demonstrator

3.1.1 Overview

This prototype aims to demonstrate the feasibiityGigabit/s bitrate in the physical layer. A dégtion is
shown in Figure 5: a PC is used to host a protatygoard and software pre and post processing. Main
functionalities can be divided into three parts:

An Analogue Front End board: a base band architecuill be used at the sampling frequency of
200MHz. This board is configurable in Tx or Rx ditien in a half duplex mode, meaning that Tx and
Rx are not used simultaneously. It contains alsafic Rx filters and programmable gain amplifiers.

An FPGA board containing

0 A sample memory where Tx or Rx samples are stoneflliaked with software pre & post
processing.

0 Automatic Gain Controller (AGC) used in Rx mode

0 Detection & synchronization used to trigger Rx silgstart
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Used components

0 The prototyping platform is a 7002k10MEG board frbmi Group combined with daughter
cards. PAMELA is a daughter card and is the AFE®oasade by Spidcom that is connected
to AO.

0 7002k10MEG board includes an ALTERA StratixIlV FPE@P4SE530F43C3ES).

StratixIV is used to prototype the Omega project.

0 The platform can be used standalone or connectad bmst PC using USB. After poweron,
7002K10 board is configured (StratixIV FPGA+cloeckduency) using a compact flash card.
Compact flash board can be rewritten using a UStpperal connected to a PC.

0 When connected to the PC using USB, 7002K10 boauttide also configured using DINI
GROUP official software: “Dini Product USB contrei!.

o

Software pre & post processing (Matlab or C code)

o0 In Tx mode, pre processing is used to convert tbiasn into time domain signal which is
stored into the sample memory

0 In Rx mode, post processing is used to decode fdata the time domain samples coming
from FPGA sample memory.

0 Some SPIDCOM TCL scripts could also be used torobtiie board (Reset, Enable FPGA
communication with host PC) and to have RW acaesstinternal bus of the prototype.

These prototypes combine a real-time part (AFE, ABGards) and a non-real-time part for the softwane
and post processing. The partitioning envisageddot these two parts corresponds to what is showsgure
5 but can be slightly modified depending on FPGRawity. This gives an important flexibility in whaan be
demonstrated for the physical layer domain: sevei@ulation schemes can be implemented and evdlbgte
changing software processing.

Sample memory

Figure 5: phy demonstrator overview

A picture of the prototype is shown in Figure 6.
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Figure 6: phy demonstrator equipment

3.1.2 Package of functions modelling a PHY system

The ambition of this prototype is to propose aifiéx framework for evaluation and comparison offetiént
proposed PHY systems. A PHY system is modelled bladab package of functions, expected to be irskirt
the Software Pre and Post processing. The diffé?ely system packages have to be interchangeadlenast
work in the same software platform. So the comnmwmét of PHY system packages will be defined.

A PHY system package is composed of four Matlabctions whose interfaces are specified below. For
readability, each function name should satisfy fivenat “Object_SystemName”, where “SystemName™his t
name of the proposed PHY system and “Object” reteto the function object, e.g. “Tx", “Rx”, “Bitlading”.

Tx_SystemName

o0 Usage
[TxSig , TxEncPacket] = Tx_SystemNa(ReDPacket, PBSize, FECRate, ToneMask,
ToneMap)

o0 Description:

The transmission function defines Thesignal from payload data bit stream. Physical
Blocks (PB) are encoded and concatenated to gitmdRacket.

o Inputs:

[PLDPacket]: A one-column vector of payload datés.bA packet is composed of a
integer number of Physical Blocks (PB).

[PBsize]: A scalar indicating PB size. AdmissiBIB sizes are 136 octets and 520 octets.

[FECRate]: A scalar indicating the Forward Erroor@ction (FEC) coding rate.
Admissible FEC rates are 16/21 and 1/2.

[ToneMask]: A one-column vector indicating (un)ked carriers. ToneMask(k) = 1 if
carrier k is masked and 0 otherwise.

[ToneMap]: A one-column vector whose k-th componenthe number of bits to be
mapped on carrier k.

o Output:
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[TxSig]: A one-column vector storing samples of dignal corresponding to the packet to
be transmitted.

[TXEncPacket]: A one-column vector representing FiCoded packet of data bits.

Rx_SystemName
o0 Usages:

[1] [RxDecPacket, RxEncPacket] RystBmName (RxSig, ToneMask, ToneMap,

NPBs, PBSize, FECRate)

[2] [RxDecPacket, RxXEncPacket] RyxstemName (RxSig, ToneMask, ToneMap,

NPBs, PBSize, FECRate, Delta)

o0 Description:

The reception function gives bitsaiged packets of data bits before and after FEC

decoding, using received signal.

0 Inputs:

[RxSig]: A one-column vector storing samples afeieed signal.
[PBsize]: A scalar indicating PB size. AdmissiBIB sizes are 136 octets and 520 octets.

[FECRate]: A scalar indicating the Forward Error ri@égtion (FEC) coding rate.
Admissible FEC rates are 16/21 and 1/2.

[ToneMask]: A one-column vector indicating (un)megkcarriers. ToneMask(k) = 1 if
carrier k is masked and 0 otherwise.

[ToneMap]: A one-column vector whose k-th componenthe number of bits to be
mapped on carrier k.

[Delta] (Optional): A scalar variable indicatinlget Sampling Period Offset (SPO) of the
receiver with regard to the emitter.

o Output:

[RxDecPacket]: A one-column vector representingingd packet of data bits, after FEC
decoding.

[RxEncPacket]: A one-column vector representingeinead packet of data bits, before
FEC decoding.

BitLoading_SystemName

0 Usage

[1] ToneMap = BitLoading_SystemNanfx$oundSig, ToneMask, ToneMap, NPBs,

PBSize, FECRate, PBERMax)

[2] ToneMap = BitLoading_SystemNanfx$oundSig, ToneMask, ToneMap, NPBs,

PBSize, FECRate, PBERMax, Delta)

0 Description:

This function aims at finding the beamber of bits to be mapped on each carrier, kvhic

leads to a PB error rate (PBER) not exceedingeadfimaximum value.

0 Inputs:

[RxSoundSig]: One-column vector storing sampleseceived sound signal.

[Delta] (Optional): A scalar variable indicatingettsampling Period Offset (SPO) of the
receiver with regard to the emitter.

[SoundPacket]: A one-column vector of sound détadmitted by RxSoundSig.

[ToneMask]: A one-column vector indicating (un)medkcarriers. ToneMask(k) = 1 if
carrier k is masked and O otherwise.

[PBsize]: A scalar indicating PB size. AdmissiBIB sizes are 136 octets and 520 octets.

[FECRate]: A scalar indicating the Forward Error rn@etion (FEC) coding rate.
Admissible FEC rates are 16/21 and 1/2.
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[PBERMax]: Maximum tolerated PBER.
o Output:

[ToneMap]: A one-column vector whose k-th comporisrthe proposed best number of
bits to be mapped on carrier k, satisfying a PBEBRexceeding PBERMax.

3.1.3 Typical tasks for simulation and evaluation of a PH system

Performances of a PHY system are evaluated in & ppaint to point communication. Namely, as shown i
Figure 7, two modems using the same PHY systerkedinby a PLC channel are engaged, the first one
configured in TX mode and the second one is condigin RX mode.

PCT\ /PC2 "B

T
3
PowerlLine =

Channel

J N J

Figure 7: PLC communication setup with phy layer pototype

4

Two typical tasks are considered:

Bit loading

The transmitter sends sound signals correspondingptind packets of data bits known by the

receiver. Using the received sound signal from okamand the emitted packet of data bits, the

receiver estimates the best number of bits to bgpethon each carrier, such that the PBER do not
exceed a fixed tolerated threshold.

In the bit loading configuration, the tone mask dtdaobe the default one (to be defined) and the
tone map consists of a QPSK modulation for all usited carriers. Payload sound packets are
generated using a pseudo-random generator witted iound seed known by all PHY systems (to
be defined.

The different steps of the bit loading task are:

1. MATLAB configures the Rx proto for detection, loation (symbol synchronization)
and clock synchronization (sampling frequency atignt) of the received sound signal

2. Matlab prepare Tx signal and send the commandeiadiag
a. MATLAB generates payload sound packet of data bits.
b. MATLAB generates the sound signal using the"Tx_8ggflame” function.

c. MATLAB configure the Tx proto for transmission dig sound signal over the
channel.

Signal is sent through the line
Signal reception and post processing
a. The Rx proto detects the received sound signaktorés its samples.

b. MATLAB estimates the best tone map using the “Batmg_SystemName”
function.
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Performance measurements

Using the tone map estimated in a bit loading phiédmetransmitter sends signals corresponding to
packets of data bits unknown by the receiver. Hoeiver decodes the received signal and gives
decoded packets of data bits before and after FECGoding. In this task, the measured
performances are:

BER before FEC decoding
BER after FEC decoding
PBER after FEC decoding
Bit Rate
The different steps of the performance measurentaesksare:

1. MATLAB configures the Rx proto for detection, lozation (symbol synchronization)
and clock synchronization (sampling frequency atignt) of the received data signal

2. Matlab prepare Tx signal and send the commandeiadiag
a. MATLAB generates payload packet of data bits.
b. MATLAB generates the Tx signal using the "Tx_Sysikame” function.
c. MATLAB configure the Tx proto for Tx signal transssion over the channel.
Signal is sent through the line
Signal reception and post processing
a. The Rx proto detects the received signal and siteassmples.
b. MATLAB decodes the received signal using the “Rxst8ynName” function.

c. MATLAB computes performance measurements.

Bit loading and performance evaluation can be regukéor different levels of SNR and different typek
channel

4 PLC channel emulator

To perform performance tests we want to emulateeal multipath PLC channel using the channel
characterization done in Omega wbsf. For this purpose a PLC channel emulator waselbped to be able to
take as an input the analogue PLC signal in thEOf@} MHz band, add PLC impairments (signal filtgrioy the
multipath channel and additive noise) and outputanalogue signal that will be the input of Rx PL&d
(Figure below).

2-( %" %(*$

A$H* 4)/*
& (%$0 )0 (%) & (%$0 )0 (%)
*5 6 5 6
72 4
72 34 &8* | * #(*)$

Figure 8: PLC channel emulator process

The architecture of the channel emulator is desdribellow in Figure 9. It is composed by an Analda
Digital Converter working at 250 MHz, followed byfétering process and a noise addition implemerited
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FPGA at 250 MHz frequency. After PLC impairmentslitidn, the resulting numerical signal is then certed
to an analogue output signal using a 250 MHz DiigitaéAnalogue Converter.

FPGA

Input Analog Signal »ADC1 H(f) 4@_» DAC2 OutpgtAnalog Signal

@250 MHz @250 MHz

4

Virtex X5-400M Card

MMI

Figure 9: Channel emulator architecture

This architecture consists of three main elemeatsanalog stage including a digital part embedded «5-
400m evalution card (see Figure 10), and a Userfae (Ul), developed on PC in order to contraseand

load transmission channels.

Figure 10: x5-400m evaluation platform — Innovativelntegration

More technical specifications are:

FPGA Virtex 5,
Sampling: ADC 14 bits, fs = 400 MHz , DAC 16 bits= 250 MHz,

SMA 50 Ohm connectors,
PCI express communication (Ul, modules management),
Integrated chassis 3U 8-Slot Smart PXI (see Fidgtje

Figure 11: Chassis 3U 8-Slot Smart PXI
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This channel emulator card is embedded in a PCalf@ats to setup by software the PLC noise envirent
Before a test run, the channel emulator must hgget select the type of PLC channel and the additibise,
using a graphical interface shown bellow.

Host PC functions and the user interface (Ul) aeetbped on Malibu and Microsoft Visual C++. Malitsuan
Innovative Integration-authored component suiteictvitombines with the Microsoft Visual C++ compikemd
IDE to support programming of Innovative hardwareducts under Windows. Malibu supports high-spesid d
streaming between the DSP and the Host PC, plusadtiwof Host functions to visualize and post-pescdata
received from or to be sent to the target FPGA.

The developed Ul consists in the 4 main forms belmwfigure, setup, stream, and eeprom.

In the configure form the target device is loadad the stream is connected through the “Open” hutto

D3.7: PLC final evaluation results Page 17 (40)
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In the setup from are fixed the emulation setupapeters: the sampling frequency origin and valhe, t
enable/disable of the ADCs, the enable/disablé@kiynchronous impulsive noise, the white noiselleand the
channel transfer function magnitude (original edo 0dB).

In the stream form the emulation process is rustapped. Are also given the white noise levelsBm¢Hz.
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In the Eeprom form is realized the ADC calibratfmocesses.

Figure 12: Channel emulator graphical interface
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After the setup phase, the channel emulator repexithe 9 classes of channel developed within tmeda
project and described in the deliverafdgé An exemple of channel transfer function isegivin Figure 13 for a
class 7 channel type.

Class 7 Channel - Fe = 200MHz
'10 T T T T T

_60 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10

Magnitude (dB) 7

Figure 13: Channel Transfer Function exemple (clasg)

The following section describes the results obthinsing this PLC channel emulator together withafx Rx
PLC boards.

5 Performance results

We will focus on several aspects to evaluate thfopaances of the transmission:

Estimated SNR per carrier: the SNR averaged orséiveral sound frames sent during the channel
estimation. It is used as input for bit allocatadgorithm.

Calculated Tonemap: gives the number of bits alext@n each sub-carrier during the bit allocation
process. The tonemap determines the output bitrate

Input BER: BER at FEC input
Output PBER: PB re emission ratio at FEC outpidéecas the bitrate.

Output Bitrate: physical layer bitrate, in Mbpsdépends on the number of bits allocated, the FeCra
the PBER, and the symbol period. It is given byftrenula:

Bitrate = (NbAllocatedBits * FECrate * (1-PBER)T5ymb

We will study the performance results in two diéfiet channel noise configurations:
Constant noise level and variable attenuation WiHfilter on
Real PLC channel using channel emulator

Figure 14 shows the setup of the test bench carnelpg to the following steps:
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1. Sound frames (or Data frames) are generated byaaftusing MATLAB.

2. The generated frames are sent to the TX proto AC @ 200MHz.

3. The analog frames pass through either the attenaatbe PLC channel emulator.

4. Then sent to the RX proto for ADC, detection, AG@ aynchronisation.

5. Then sent back to the computer for data analysis MATLAB (frequency domain DSP, BER calculation,

Bitloading, figure display...)
* Softwareprocessing
* Prototype control
*Display
Data Data
PLC- Tx Channel Emulator PLC- Rx

Figure 14: test bench setup

5.1 Transmit PSD

The required value of the transmit power specteaisity was depicted in Figure 1, where it is shdhat the
transmit PSD must not exceed the value of -55 dBmgftasi-peak in the [0-30] MHz band, which correspto

a value of -62 dBm/Hz RMS and of a value of -92 dBmin the [30-100] MHz band. Figure 15 shows the
effective PSD obtained with a spectrum analysersunesment with RMS settings. We can see that thesiné
signal PSD is under the regulatory limit: aboutBldwer. Note that this 5 dB margin has to be taliecause of
the maximum signal value accepted at the channelatar input for saturation level matters.

We can see the presence of the 30 dB step betviglerahd low band and also the notches in the [ON8AE
band. The frequency mask effectively uses [2-28]avtdnd with 917 switched on carriers in the lowdand
[30-87] MHz band in the high band, the FM band beswitched off.
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Figure 15: Measured transmit power spectral density

5.2 Constant Noise + variable attenuation with TX filter on

In this setup we attenuate the TX signal usingt@fattenuators, and add a constant -140dBm/Hz AW&the
attenuated signal using a signal generator.

5.2.1 0dB attenuation

The next figure shows the SNR per carrier in d&raged on the sound frames sent for channel esimat
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SNRdB per carrier

SNR is between 40 and 50dB in the low band (0-30Melzcarrier 1-1200), and between 22 and 35dBhen t
high band (30-100MHz i.e. carrier 1200-4096)
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This SNR is used as input of our bitloading aldornt We generate two tonemaps, one OMEGA tonemap and
one HPAV tonemap to compare the obtained bitrate.

OMEGA & HPAV tonemaps
HPAV tonemap is at its maximum: 10 bits allocat€d24QAM) on every sub-carrier

OMEGA tonemap is at its maximum on the low band bits allocated (16kQAM) on every subcarrier. @a t
high band, repatrtition of 8,10 and 12 bits modola{i256QAM, 1024QAM and 4096QAM).

On the next figure, we see the evolution of the BEBER on the first 3 frames

BER & PBER on the first 3 frames
We respect the BER target of 2.6% (BER in = 2.4&) have a 7.7% PBER
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On the next figure we see the evolution of thealtétion the first 3 frames

Bitrate on the first 3 frames

OMEGA output bitrate:
37742 allocated bits with code rate 16/21
Achieved bitrate of 570.6Mbps (including retranssios)
HPAV output bitrate:
9170 allocated bits with code rate 16/21
Achieved bitrate of 150.2Mbps (maximum HPAV bighat
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5.2.2 20dB attenuation

SNRdB per carrier

SNR is between 40 and 45dB in the low band (0-30Melzcarrier 1-1200), and between 17 and 25dBhen t
high band (30-100MHz i.e. carrier 1200-4096)

OMEGA & HPAV tonemaps
HPAYV tonemap is at its maximum: 10 bits allocat2@24QAM) on every sub-carrier

OMEGA tonemap is at its maximum on the low band bits allocated (16kQAM) on every subcarrier. @a t
high band, repartition of 6,8 and 10 bits modulai{e4QAM, 256QAM and 1024QAM).
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OMEGA output bitrate:
31720 allocated bits with code rate 16/21
Achieved bitrate of 513.6Mbps (including retranssios)
HPAYV output bitrate:
9170 allocated bits with code rate 16/21
Achieved bitrate of 150.2Mbps (maximum HPAV bigat
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5.2.3 40dB attenuation

SNRdB per carrier

SNR is between 25 and 28dB in the low band (0-30Melzcarrier 1-1200), and between -5 and 7dB en th
high band (30-100MHz i.e. carrier 1200-4096)

OMEGA & HPAV tonemaps
HPAV tonemap is a repartition of 256QAM and 1024QAM

OMEGA tonemap is a repartition of 256QAM and 102MQon the low band. On the high band, repartitién o
BPSK and QPSK modulations.
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OMEGA output bitrate:
10935 allocated bits with code rate 16/21
Achieved bitrate of 179.1Mbps (including retranssios)
HPAYV output bitrate:
7670 allocated bits with code rate 16/21
Achieved bitrate of 125.6Mbps

Here is an overview of the achieved bitrate vemttenuation:

OMEGA & HPAV bitrate
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5.3 Emulated PLC channel

In this part we use the PLC channel emulator betwiee TX and RX prototypes. We tested all channnesl
between channel 3 and channel 9 included. The FHabrel emulator white noise is enabled at a lefel o
140dBm/Hz.

5.3.1 Channel 3

SNRdB per carrier

OMEGA & HPAV tonemaps

OMEGA output bitrate:
5757 allocated bits with code rate 16/21
Achieved bitrate of 94.3Mbps (including retransnua}
HPAV output bitrate:
5163 allocated bits with code rate 16/21
Achieved bitrate of 84.6Mbps
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5.3.2 Channel 4

SNRdB per carrier

OMEGA & HPAV Tonemaps
OMEGA output bitrate:
10273 allocated bits with code rate 16/21
Achieved bitrate of 162.5Mbps (including retranssios)
HPAYV output bitrate:
8401 allocated bits with code rate 16/21
Achieved bitrate of 137.6Mbps
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5.3.3 Channel 5

SNRdB per carrier

OMEGA & HPAYV tonemaps
OMEGA output bitrate:
11570 allocated bits with code rate 16/21
Achieved bitrate of 187.7Mbps (including retranssios)
HPAV output bitrate:
8553 allocated bits with code rate 16/21
Achieved bitrate of 140.1Mbps
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5.3.4 Channel 6

SNRdB per carrier

OMEGA output bitrate:

13826 allocated bits with code rate 16/21

Achieved bitrate of 226.4Mbps (including retranssios)
HPAYV output bitrate:

9085 allocated bits with code rate 16/21

Achieved bitrate of 148.8Mbps
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5.3.5 Channel 7

SNRdB per carrier

OMEGA & HPAV tonemaps
OMEGA output bitrate:
13826 allocated bits with code rate 16/21
Achieved bitrate of 304.7Mbps (including retranssios)
HPAYV output bitrate:
9085 allocated bits with code rate 16/21
Achieved bitrate of 149.8Mbps
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5.3.6 Channel 8

SNRdB per carrier

OMEGA & HPAV tonemaps
OMEGA output bitrate:
22973 allocated bits with code rate 16/21
Achieved bitrate of 376.3Mbps (including retranssios)
HPAV output bitrate:
9130 allocated bits with code rate 16/21
Achieved bitrate of 149.5Mbps
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5.3.7 Channel 9

SNRdB per carrier

OMEGA & HPAV tonemaps
OMEGA output bitrate:
22040 allocated bits with code rate 16/21
Achieved bitrate of 355.1Mbps (including retranssios)
HPAYV output bitrate:
9170 allocated bits with code rate 16/21
Achieved bitrate of 150.2Mbps (maximum HPAYV bitjate
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We can see in this last figure that the bitraterompment obtained with Omega PLC boards are venifggant
for channel classes 5 to 9, which represents intigeamore than 50% of the PLC channels, withartipular
100% improvement for channel class 7. HoweverstrahPSD level is very conservative due to impletaton

limitation, we can estimate that real improvemeft©mega PLC products will be much more importduaint
what is shown here.
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6 Cost estimation

In this section, we verify that choices made duritng Omega project do not impact the cost of an
implementation to the extent that it will prevent lomit its possible adoption. Complexity/cost ageven
relatively to HomePlug AV chipset currently availirom several providers.

Costs of prototypes provide some hints but areelevant for volume manufacturing

6.1 Analog Front End

As detailed in section 3, the AFE mainly consiat§ilters, A/D and D/A converters and PGA.

Main requirements for Omega technology are relativedata converters, requiring a 200 MHz sampling
frequency and around 12 bits resolution (compaedd MHz and 10 bits for a typical HomePlug AV
implementation).

AFE prototype boards were built using separate aapts, at a cost around 3 times higher than aivaquot
HomePlugAV board. This demonstrates the feasibdityl mainly reflects the absence-ofr@re integrated
device.

Integration on today silicon technology is possibled performances are achievable without need Xotice
technology or costly calibration process.
As a consequence, we estimate that the cost ofiaeg@ AFE is very similar to the cost of an Home PAdE.

6.1 Digital part

Again, with respect to the bloc diagram of sectorthe complexity of implementation for an Omegé#sét is
higher than the one for an HomePIlugAV chipset. Tiisease in complexity is due to three main factor

Higher bandwidth (100 MHz for Omega technology uer§5 MHz for Homeplug AV) and higher
number of carriers (4096 versus 1536)

Higher throughput to be supported: maximum bit-iataround 800 Mbps at physical layer for Omega
technology versus 150 Mbps for Homeplug AV

Higher SNR that can be exploited

Estimation of the complexity increase is roughlpuard 80%. Progress in silicon technology, now aflow
implementing more logic at a lower price so that ttomplexity increase of the digital part can gabié
absorbed.

As a consequence, analog and digital componentgsismahows that a future Omega-PLC chipset isiliéasat
a competitive price. This result was recently dised and agreed into ongoing Homeplug AV 2 stanttead
led to the same conclusions and the same physgal Iparameters definition (e.g. bandwidth, intmmrier
spacing).
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7 Conclusion

In this document, the Omega PLC demonstration heddsults obtained with it were presented. Dennatish
is composed by two parts: the PLC transmitter-regeboards and the channel emulator, both of theimguthe
results that were obtained by the PLC work packhgeng Omega project.

The PLC transmitter-receiver boards were describledwing the analog front end part that fulfil 88D limit
as it was defined in Omega deliverable D3, showing that transmitted signal will satisfegulation
constraints. Physical layer uses OFDM modulatiotihwhe same carrier spacing than HomePlug AV &l 1l
standard[7], [3] with an extension to [0-86] MHz band, which gamaty backward compatibility to these
standards. Cost estimation led to a global incredsiee chipset price of about two times the poééoday PLC
chips, but if we anticipate a techno shrink andréegration of ADC and DAC, it gives a final pricemparable
to existing PLC products.

Today, a new HomePlug AV2 standard is under caastm (first draft planned for June 2011). Fromaivive
see at the moment, the physical layer developékisrworking group is mainly the same than the whéch is
described in this document and used for this PL@atestrator.

The PLC channel emulator that was developed forashstnation uses the channel characterization sutbhee
presented 5] and allows to be connected to the two PLC bsdodemulate a PLC communication through
realistic PLC channels.

Finally, the performance results presented indbisument show significant bitrate improvement, lbuited by
the fact that the transmit power has to be reduned dB due to channel emulator input level limdat
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