ICT-213311, OMEGA 5 November 2009

SEVENTH FRAMEWORK PROGRAMME
THEME 3
Information & Communication Technologies (ICT)

ICT-213311
OMEGA

SEVENTH FRAMEWORK
PROGRAMME

Deliverable D3.3
Report on Electro Magnetic Compatibility of Pow@énd. Communications

Contractual Date of Delivery: 31/12/2009

Actual Date of Delivery: 05/11/2009

Editor(s): Pascal PAGANI

Author(s): Richard RAZAFFERSON, Pascal PAGANI, Ahmed ZEDDAM,
Jean-Yves BAUDAIS, Ali MAIGA, Olivier ISSON

Work package: WP3

Estimated person months: 15

Security: PU

Nature: Report

Version: v1.0

Total number of pages: 23

Abstract

This OMEGA deliverable presents a study of the EisKLies linked to PLC systems, in the context
frequency bandwidth extension up to 100 MHz. Theentistatus of EMC regulations for PLC is firstcedled.
An experimental study is then presented for thesassent of the effect of electromagnetic fieldatiath from
an electrical network, in the 30 — 100 MHz bandcétemendations are given for the injected PSD leteels
used for future studies within the OMEGA projector these results, the capacity of the PLC chams
evaluated in terms of outage probability. This gsa shows that an extended bandwidth up to 100
provides capacities in excess of 1 Gbps, whilesfartig the current emission limits.
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Executive Summary

Within the OMEGA Project, WP3 is particularly dedglied to the definition and design of the next gatien of
Power Line Communication (PLC) systems, allowingraarease of the offered throughputs, up to 1 GBps.
this purpose, it is proposed to extend the frequdsand of operation, currently defined as 2-30 Mtz to 100
MHz. This OMEGA deliverable gives a thorough stumfythe Electro Magnetic Compatibility (EMC) issues
associated this bandwidth extension, with a pdeiciocus on the radiation problem that may ocouthie [30-
100] MHz band.

First, the current status of EMC regulations foiCPk recalled. A draft amendment of the CISPR 22dd4rd is
currently under development for the assessment@f $/stems. Specific features are currently ingagéd to
increase the protection of existing services agaimsntentional emissions: dynamic notching andgnait
power management.

The effect of electromagnetic field radiation fraan electrical network is then experimentally inigestied.
Several measurements were conducted, in an anechaicber and in an ideal open environment, by fimgc
different levels of Power Spectral Density (PSD)different types of electrical cables. The netwtokology
plays an important role on the measured radiatedepdeading to different frequency peaks accordmghe
network resonance frequency. We observed that jantion power of of -80 dBm/Hz leads to an accelatab
fulfilment of the CISPR radiation limit above 30 MHeven if the limit can be slightly exceeded fosraall
range of frequencies.

The definition of an adequate transmitted poweelldor PLC systems above 30 MHz is still debatethinithe
EMC community, and this report discusses some @fithin issues. From this discussion and accordiraut
experimental observations, future OMEGA studied uske an injected power of -50 dBm/Hz below 30 MHz,
and -80 dBm/Hz over the frequency band 30 — 100 MHizs value will be refined, depending on the etioh

of the EMC regulation for PLC.

Finally, we used the proposed power levels to cohdstatistical analysis of the PLC channel capagiterms
of outage probability. The report demonstrates ¢haapacity in excess 1 Ghps can be reached for ohdise
channel classes defined within the OMEGA projedthan overall outage probability around 33%. Heribe
bandwidth for PLC operation can be successfullyam@d to provide capacities in excess of 1 Gbpslewh
satisfying the emission limits currently defineddegulation bodies.
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1 Introduction

One of the key goals of Work Package (WP) 3 of@MEGA Project is to study and design the next gatian

of Power Line Communication (PLC) systems, allowamgincrease of the offered throughputs, up to fisGho
reach this goal, an increase of frequency bangefation is necessary, extending the 2-30 MHz lzamcently
used by deployed products. Different studies wéngs theld within WP3 of the OMEGA project for the
characterization and modelling of the PLC transioischannel, up to 100 MHz [1]. The Electro Magoeti
Compatibility (EMC) issues associated with the dgpient of PLC systems, however, are not trivialoyd 30
MHz, regulation bodies consider the level of ragliaemissions, and this aspect should be lookedrafuily
when extending the PLC operating frequency band.

In this context, this OMEGA deliverable providesEEMC analysis of the use of PLC systems up to 16&zM
In particular, the deliverable gives the curreatestof art regarding EMC regulation standards, iodides an
experimental study of the electromagnetic fieldliated by an electrical network.

Section 2 gives the status of the current EMC iagis for PLC, focusing on the work done withire th
organization CISPR, and recalling the regulatiofingel in the US by the Federal Communications Cossion
(FCC). In Section 3, a complete experimental stisdgrovided, where the radiated emission is obskfoe
different injected power levels and different efmal network topologies. From these observations,
recommendations are made regarding the injecteceiP@pectral Density (PSD) for future OMEGA studies.
Finally, a study of the PLC channel capacity isegivn terms of outage probability, taking into ddesation the
proposed injection levels, and realistic Channelnsfer Function (CTF) and stationary noise reatinat
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2 Status of the current EMC regulations for PLC

This section is an update of the status of EMC legijuns for PLC that was initially described in toMEGA
deliverable D3.1 [2]. In particular, the situatiahCISPR evolved with different proposals for areadment of
CISPR 22 for PLT systems, as described in the seotion.

2.1 CISPR

The CISPR Comité International Spécial des Perturbations Rétictriques) is responsible for the elaboration
and maintenance of several international EMC stafsdéemission and immunity) for large families ¢tdatric

or electronic products which primary purpose is phatection of radio services in the frequency mAdkHz to
400 GHz. Example standards are the European Sthfdu55022 [3], or the product standard CISPR 22 T
CISPR is divided in several sub-committees amonichwkthe sub-committee "CISPR/I" is in charge of the
development of measurement methods and establithofeemission limits for Information Technology
Equipment (ITE).

Different measurement methods, measuring equipraadt relevant limits are applicable depending on the
access port and the frequency band being considgeed testing a particular product. The ITE fanmhpduct
includes PLT systems for which the EMC requiremefitthe CISPR 22 standard apply.

The measurement procedure using an Artificial M&leswork (AMN) for compliance testing of PLT-modems
with respect to the limits of Tables 1 and 2 giverCISPR 22 is not appropriate due to significasues as
explained hereafter.

PLT systems being telecommunication devices udird'tains network” as a physical support to trahslaia,
both the measurement methods and the emissionslifoit "Mains ports" and/or "Telecom ports" may be
considered. Taking into account these particuésithe decision was made by CISPR to establisbjagbteam
(CISPR/lI _ PLT-PT) whose task is to prepare an almemt to CISPR 22 standard for the assessment Bf PL
systems. The goal for the development of a compdéidasting method for PLT-modems is that this geésts the
same protection level to radio services as cult¢gPR 22

Present situation

Regarding the progress of the work, after two uosssful attempts to produce an amendment for Pkfesys
(specifying the criteria of tests in particularihe@w project is again under discussion.

This amendment should define the measurement plascand the related limit values which allow apiate
operation of PLT systems and provide at the same tsufficient protection to sensible radio servibgs
notching and/or other means, such as power manageiffee requirement to use such techniques to grtte
broadcast services is considered a good way fortargach a compromise. Hopefully, this work willoa
publishing a new harmonized EMC standard that beéllavailable for the CE marking of PLT equipmengin
perennial way.

This new draft amendment takes two approaches:

- Type 1 PLT device is a category of PLT device teguire the implementation of additional protenti
measures to reduce the probability of interferesoeh as "Notching” and "Power management”
described below.

- Type 2 PLT device is a category of all other RFhddems.

Permanent Notching-or certain parts of the radio spectrum (e.giorathateur bands, CB bands, selected safety
services) permanent notches are applied which ertbat the expected emissions in these bands dirbelewv
the CISPR 22 limits.

Dynamic Notching To protect the broadcast reception, a systeneaallynamic notching is proposed. In this
case the PLT device detects the presence of brsiasigaals which are strong enough to allow usefaéption
and protects them by means of notching. As for peent notching, this will ensure that emissionshef PLT
device are well below the limits in CISPR 22 andttbhortwave broadcast reception even with in-dodennas
is possible.
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Transmit power managemerithe PLT system will be set up to detect the tnaiesion losses and set the
transmit power to the minimum level required toiaeh data transfer at the required speed (pressnPdT

devices in general do not make use of transmit pomemagement).

Permanent
notching
N I Dynamic
! | ! | notching
Nominal _ _ _ Power
Tx power D management
Freque'ncy

Figure 1: lllustration of dynamic notching and power managetm®ncepts

The Type 2 device approach transfers the CISPR 22 assessment ofdigiarbance potential of the
telecommunication port to the case of a PLT paing an ISN (Impedance Stabilization Network) tcamee

the common mode signal.

Proposed limits are as follows:

Frequency range Limits
dB(nmVv)
MHz Quasi-peak Average
1,705 to 5 56 46
5to 30 60 50

Table 1: Limits of conducted common mode (asymmetric matigurbance at PLT ports in the frequency
range 1,705 MHz to 30 MHz with the communicationdtion active for Class B In-Home Type 1 PLT Device

Voltage limits Current limits
Frequency range (dBuv) (dBuA)
(MHz)
Quasi-peak Average Quasi-peak Average
1,705 to 30 58 48 30 20

Table 2: Limits of conducted common mode (asymmetric matigurbance at PLT ports in the frequency
range 1,705 MHz to 30 MHz with the communicationdtion active for Class B In-Home Type 2 PLT device

The radiatedimits and measurement method in the frequencgeaibove 30 MHz are those from CISPR 22.

Frequency range Quasi-peak limits
MHz dB(nV/m)
30 to 230 30
230 to 1 000 37

Table 3: Limits for radiated disturbance of class B ITEaheasuring distance of 10 m

Q_g«j D3.3 — Report on Electro Magnetic CompatibilityRdwer Line Communications Page 9 (23)
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2.2 FCC Part 15

The Federal Code Of Regulation FCC Part 15 [4] i®@mmon testing standard for most electronic egeimm
FCC Part 15 covers the regulations under whichngantional, unintentional, or incidental radiatbatt can be
operated without an individual license. FCC Partcb@ers as well the technical specifications, adstriative
requirements and other conditions relating to ttaeketing of FCC Part 15 devices. Depending on ype bf
the equipment, verification, declaration of confdgmor certification is the process for FCC Patcompliance

[5].

FCC Part 15 applies for In-home PLC. Present FG€srsiay that carrier-current systems --this incueeC--
need to meet the general radiated emission limitaifilicensed “intentional emitters.” An intentibeanitter is
one that transmits a radio signal as a part afigtsnal operation. At HF, PLC systems are permitieddiated
field strength of 30 pV/meter measured at 30 mdtera the signal source. At VHF, they are permittadiated
emissions of 100 pV/meter measured at 3 meters fransignal source. In most cases, the sourcebwilhe
electrical wiring within a building or the electsitility lines that pass close to residences amslriasses in the
us [6].

3 Characterization of the PLC electromagnetic emissio

3.1 Context of the study and experimental setup

From the EMC point of view, PLC systems are reqlii@ comply with the standard EN 55022 class Bgesin
these products will be deployed in the customemgses, in a residential environment. As a consecgien
applicable EMC tests are conducted disturbance demtwl50 kHz and 30 MHz, and the radiated distudanc
between 30 MHz and 1 GHz.

In this study, we observed the electrical fieldiatetl by an electrical network at 3 m from the &leal wires.

Note that the network under study was isolated ftbenmains network. As a function of the inject€sDR a

direct measurement of the electrical field is takeging a bi-conical antenna situated at a heifjitra, and at a
distance of 3 m from the centre of the electricabwThe total length of the electrical wire is db(see Figure
2). The experiment took place above a copper grplente. A coaxial cable conveys the inducted siyt@hard

the selective received.

|

PC

Enerator
—————|
| E——

15m

f OR=500hms
d=3m Ih =1.1m
/%iconical antenna

T

h=1.lm

r—
HPIB ¢

coupler

D spectrum
analyzer

Ground plane

Figure 2: Experimental setup for the measurement of the redliield for a 15 m cable.

In order to validate the selected measurement pohtoneasurements were first taken in an anechwenber.
In a second step, measurements were taken in a siteleequivalent to free space conditions. Durihg
experiment, we used two different electrical capleish two different lengths, with a setup represéime of a
realistic residential environment. One of the cabiremities is connected to a 50 Ohm load. A cdewpdriven
generator allowed injecting signals at one endhefdable using different power levels, in the 30-MHz band,
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using a passive coupler. Note that the measureraemtdone on a passive network, which is discoedeitom
the mains network. The injection of differential deo signal is thus realized using a simple wideband
transformer, as depicted in Figure 3.

2 Coupler
ﬁ «— P
1 S E | =N
[T—. S — +FPE

[ | || [ | |
AN Transformer !
=

Figure 3: Wideband coupler.

It should be noted that the reference standard§&DR2) defines the limits to take into account iguasi-peak
detection mode. For the sake of measurement rgpigiitd in accordance with the EN 55022 measurement
recommendations, all measurements are first rebliza peak detection mode, and the conversionasigpeak
detection mode is done by post-processing. In #se of a narrowband signal, the difference betweese two
detection modes is negligible.

3.2 Measurements in an anechoic chamber

3.2.1 Experimental setup

Electrical lines are situated at 15 cm or 1 m fritve floor in a shielded anechoic chamber, hendatisg the
experiment from external disturbance. The pictusesl schematics of Figure 4 and Figure 5 present the
geometrical configuration of the measurement setitipin the anechoic chamber. The termination loathe
electrical line is 50 Ohm. For the first cable typeted Cable A, the transversal positioning ofttiree wires is
almost uniform, as the three wires are mouldedh& ¢able. For the second cable type, noted CablineB,
transversal positioning of the wires is random.

v T
I:j:ﬂ

(@) (b)

Figure 4: Anechoic chamber setup (a) and different typesabfes (b).
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Figure 5: Experimental setup for the measurement of the tedlifield in an anechoic chamber for a 4 m cable.

To evaluate the output power of the modems, orusarthe following equation:

(1) Pout = 10)409(wa) + PSD

whereP,, is the output power in dBnRSDis the observed power spectral density in dBmé&iw R,,, is the
width of the analysis filter in Hz. In principlehe standardized filter width is 120 kHz for measueats above
30 MHz.

3.2.2 Measurement results

This experiment allows to analyse the influencehef type of cable (noted cable A and cable B, sasi@h
3.2.1) on the electromagnetic radiation, as a fanatf the cable length. Note that the Protectigetl (PE) wire
is connected at the metallic ground at the injecfioint, and that the power was injected using inarievels.

E-Field (Vertical)
| | |

| I
o | | —=— 75 dBmHz
LA s e S S R T —e— -80dBmHz
‘ | ‘ | s | —o— Reference level
‘ ‘ } ‘ ‘ || === - 70 dBM/HzZ
60 +—————F—————T1——————————1——- = LimitClass B
‘ ‘ | ‘ ‘ ‘
|
T
|

Frequency (MHz)

Figure 6: Comparison of th&, field using cable B, with PE wire connected to ¢heund, at 1 m height.
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E-Field (Vertical)

70 B T S S e S
| e - 80 dBmM/Hz

- B - . || e - 75dBm/Hz | |
60 | —— - 70 dBm/Hz
.| e |imit Class B

E dBuVv/m

30 40 50 60 70 80 90
Frequency (MHz)

Figure 7: Comparison of th&y field using cable A, with PE wire connected to ¢ineund, at 1 m height.

Results presented in Figure 6 and Figure 7 showttigaamplitude level of the measured field is kigtvhen
using cable B as compared to using cable A.

E-Filed (Vertical, P ;= -75 dBm/Hz)

70 +——————T——+—— : : T —— -
: === cable length = 4m
=== cable length = 2.5m

| |
H } H } H H
. A — L
L
|
\

E (dBuV/m)

|

\

I
i

‘ !
l:»ffgqu == | imit Class B
|

|

\

i

|

|

\

|

Frequency (MHz)

Figure 8: Comparison of th&, field as a function of the cable length using caklevith PE wire connected to
the ground.

Results presented in Figure 8 show that there iy l@v divergence between the different cable langt
regarding the level of the radiated power. Howeweg can note that the cable length plays an irmpbrble on
the resonance frequency.
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3.3 Measurements in an ideal environment

This series of measurements was realized in assitdar to site in free space. We collected the sneaments
results regarding the electrical field as a funttad the different types of cables and of the stiadimission
configurations.

3.3.1 Configuration 1: experimental setup and measurementesults

The following figures represent the configuratiofol field measurement, and the experimental sebupe can
observe that cable B is placed at a height of 1%lave the ground plane.

., 35m 7.5m C 9.5m ]

- Ll ] L] Ll m
o

Y B = v b A S
= Electrical cable = 3
PL |H=15em P2 P3 P4 — !
[=3m |
erereeeseneseneneens LZ10M s > Bi-conical antenna i

Py

PR

Figure 10: Setup picture taken from plug P2.

Figure 11 represents the comparison of differerasueement results as a function of the injectedep@s well

as the reference measurement. The reference mesnireorresponds to a measurement taken without any
power injection, and accounts for the local disamde emitted by external sources and collectetidoyeceiving
antenna. On the same figure, we reported the ligitsn by the EN55022 class B standard, for thaleesial
environment.
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E-Field (Vertical)

1
70 +—————————+———{ e - 80 dBm/Hz
—— - 75 dBm/Hz
"""" | [ =—@== Reference level |
3 | 3 | 3 | imit Class B
60 T } ‘ } ;
R S S S - P -
N S U S IO S Lo\
£ 50 T \ \
= [ [ | e
; haln LN
4 40 \ nl‘\ ‘
"""" | I BN u
I S D S I .. | |
30 : | : | :
3 \ 3 \ 3 \
""""
2017 f*f**‘***f**ﬁ**f*ﬁ**f**
‘ | ‘ | ‘ | ‘ | ‘
T T T T
30 40 50 60 70

Frequency (MHz)

Figure 11: Evolution of theEy field as a function of the injected power.

One can observe from this figure that the classaRdard is respected for an injected power of -dBth/Hz
(except for a small range of frequencies aroundVbfz and 81 MHz in this particular observation). Wa
injected PSD of — 75 dBm/Hz, the level of the réalilagpower is in the range of 10 dB with respedhtoclass B
EN 55022 standard. One can also notice a large eunflradio signals between 87 MHz and 100 MHz (aue
the FM band within 87 MHz — 107 MHz), as well asnsoexternal emissions between 70 MHz and 80 MHz.

3.3.2 Configuration 2: experimental setup and measurementesults

Figure 12 below represents the configuration 2fifeld measurement, and the experimental setup. €ame
observe that cable B and cable A are placed aighthef 1 m above the ground plane.

| . 35m 7.5m L 9.5m ]
DT o o " a
| o

| X a 7'y o : S
| — P — Electrical cable 3

L P1 P2 : P3 pg— !
| [=3m !
AN |
AP L=10m.............. N Bi-conical antenna 5

Figure 12: Configuration 2: experimental setup.
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Figure 13: Evolution of theEy field as a function of the injected power for caBle

E-Field (Vertical)

[ || e - 80 dBM/HZ

|
[
|
I
|| em— - 75 dBm/Hz |- ‘\ -
|
I
}
|

;| c— Limit Class B :

60

Frequency (MHz)

Figure 14: Evolution of theEy field as a function of the injected power for caBllef length 15 m.

Figure 13 and Figure 14 represent the comparisdheofadiated electrical field in configuration £ & function
of the injected power. On the same figure, we reggbthe limits given by the EN55022 class B stadgtar the
residential environment. One can notice that thnét lof the class B EN 55022 standard is respectegihva PSD
of — 80 dBm/Hz is injected, except for some freques, which can be due to ambient noise or meagmem
uncertainty.

3.3.3 Configuration 3: experimental setup and measurementesults
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Figure 15 below represents the configuration Jitdd measurement, and the experimental setup.e Bl
situated at 15 cm above the ground plane in tise dezction of the cable, and is then positionetoadly up to a
height of 2.50 m, followed by a horizontal secta@.50 m above the ground plane.
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: o |
. 7'y ) 3
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i | =3m i
: v i
E P 3.5m _ :
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Figure 15: Configuration 3: experimental setup.
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Figure 16: Evolution of theEy field as a function of the injected power.

Again, the presence of external radio electric eass observed above 70 MHz, and especially the Rkidb
between 87 MHz and 100 MHz.

D3.3 — Report on Electro Magnetic CompatibilityRdwer Line Communications Page 17 (23)



ICT-213311, OMEGA 5 November 2009

3.4 Evaluation of the transmitted power in the 0-100 MH band

The experimental study presented above gives am @dethe radiated emission observed from a paedticul
electrical network setup, with different levelsiofected PSD. Before drawing conclusions on thesmnaitted
power levels that are practical and realistic far extension of the operating frequency for PLC eyst,
different points should be taken under considenatio

First, there is currently no regulation standarecsically addressing the problem of PLC transnaissi
Although a Project Team has been set up within &S order to prepare an amendment to CISPRI&2, t
CISPR 22 regulation text in force addresses ITlgeneral. The described measurement process incthdes
device under test with its peripherals and conngotiables, but the equipment is connected to an AVt
device is an artificial electrical network, prowvidi the mains power and a given connection impedamnae
without physical electrical wires. Hence, the powees are not included in the current measurensetup.
Whether or not a given topology of electrical netvehould be included in the radiation measuremehip has
not been decided yet by regulation bodies.

This question raises several issues. As is denaadtin Figure 8, for instance, a simple electrazale will
provide different resonance frequencies dependimnthe length of the cable. A more complex netwogology
will obviously generate a higher disparity in thespible measurement results. The line terminatiovith
different types of loads depending on the connedtadces, may also influence the observed results.

Finally, it should be noted that the current CISPR text, intended for the certification of ITE dees,
recommends performing a series of test measuremeaitts a number of measurements generally comprised
between 5 and 12. The recorded levels among alsunements are averaged. The experimental obsersatio
show that the radiated power presents some pedhkgeagpect to the average level, the frequenchedd peaks
depending on the particular network topology (swerfstance Figure 11 and Figure 13). If an avergghould

be applied between measurements over differentriglgicnetwork topologies, this would necessanihpact the
level of injected power that should be consideredaeptable.

With all these comments in mind, and accordinght dbserved experimental results, we will considdhe
OMEGA project that an injected power of -80 dBm/bizer the frequency band 30 MHz-100 MHz is an
acceptable value. For all performed measuremenits)evel of injected power lead to a few peaksy@bove
the CISPR radiation limit, with less than 5 dB dapping for most cases, and with a high correlatidth the
actual network topology. The proposed value wikaéo be refined, depending on possible furthenltgsand
on the evolution of the EMC regulation for PLC.

For frequencies below 30 MHz, the OMEGA projecti wde an injected power of -50 dBm/Hz, as alreasldu
by deployed PLC products. Finally, the proposeddtipn power for future studies within the OMEG Aojarct
are recalled in Table 4.

Frequency range (MHz) Injected power (dBm/Hz)

1.705- 30 -50
30-100 -80

Table 4: Proposed injection power limits for future studigthin the OMEGA project
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3.5 Channel capacity under transmitted power limitations

Channel capacities are evaluated in terms of oytegfgabilities. Figure 17 to Figure 19 give exanspi¢ outage
probabilities of channel class 2, 5 and 9, as desdrin deliverable D3.2 [1]. To evaluate the oetagpacities
the PSD noise is obtained with the noise modelriesat in deliverable D3.2 [1]. This noise modeldakinto
account the background noise floor level, the gfroadio interference carriers within short-wave ioad
frequency bands, a frequency-dependent radio backgrnoise and randomly distributed interferenceias.

Each outage probability curve is obtained usingOl@&ndom draws for a couple of CTF realization and
stationary noise realization according to the medelscribed above.

For each figure, 3 transmitted power masks are:used

case A: -50 dBm/Hz in the 1-100 MHz bandwidth phagches in the 1-30 MHz bandwidth with a level
of -80 dBm/Hz,

case B: case A with a lower PSD of -80 dBm/Hz i 30-100 MHz bandwidth,
case C: case B without transmission within FM bgi8ds5-100 MHz).

As it is shown in Figure 17 for channel class 2, gigabit is never reached with the more tricky pomask. On
the opposite side, 1 Gbps is all the time exceetdéd channel class 9 and 2 Gbps is reachable with &f
outage probability.

The FM band has low influence for class 2 (curvee@sus curve B) whereas it is not the case foisdiaand 9.
So, the better the channel (i.e. the number ofciennel class) the more important is the FM bandwid
influence.

Figure 17: Outage probability of channel class 2.
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Figure 18: Outage probability of channel class 5.

Figure 19: Outage probability of channel class 9.
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Figure 20 shows the outage probabilities of chamfedses 1 to 9 taking into account the repartitibrihe
channel classes given in deliverable D3.2, tablepd®e 102. To plot the curves, transmitted powask® in
cases A, B and C are also considered. The gigapiissible in case C with an outage probabilityiado33%.

Figure 20: Outage probability of channel classes 1 to 9.

D3.3 — Report on Electro Magnetic CompatibilityRdwer Line Communications Page 21 (23)



ICT-213311, OMEGA 5 November 2009

4 Conclusion

In this OMEGA deliverable, we presented a thorosglily of the EMC issues associated to an exterditime
frequency band for PLC up to 100 MHz.

The current status of EMC regulations for PLC isafked, with a particular focus on the current Atigs
conducted at CISPR 22. Specifically, a Project Team established within CISPR/I to prepare an amemd

to CISPR 22 for the assessment of PLT systems. dra# amendment is considering different additional
protection measures to reduce the potential imemfee with other systems: dynamic notching andstran
power management. A particular level for conductetnmon mode disturbance is proposed for devices
implementing these features. Further work is stéded within this committee in order to estabéispecific
standard amendment for PLC.

An experimental study was set up in order to eveltize electromagnetic field radiated by an eleatmetwork

for different injected PSD levels. For this purpose&omplete experimental setup was realized, apdraments
were conducted both in an anechoic chamber andiideal open environment. Two types of cables were
studied, where the conductors are either mouldetbase. Results show that the recorded radiateel lisv
strongly influenced by the cable length, and mogeegally by the network topology, with a weakert bitill
observable, influence of the cable type. In genexalinjection power of -80 dBm/Hz leads to an atakle
fulfilment of the CISPR radiation limit above 30 MHIn most observed cases, the recorded radiatiosl |
exceeded the limit at a few frequency peaks onligh wenerally less than 5 dB overlap. In additiome
frequency of these peaks is strongly dependenhemétwork topology, which dictates the resonagqdency

of the network.

Different questions need to be investigated betheaving conclusions on the transmitted power levelbe
used by PLC systems above 30 MHz. In this delidetabfew of them are examined: the current disonsson
the measurement methods within EMC regulation tsdhe influence of the electrical network topolagythe
radiated fields; and the issue of measurement giveyan the EMC certification process. From thesenments,
and according to our observations, an injected p@iveB0 dBm/Hz over the frequency band 30 — 100wl

be used for future OMEGA studies. Below 30 MHz, wi#i consider the power level of -50 dBm/Hz already
used by deployed products. The proposed valuensiid to be refined, depending on possible furtasults,
and on the evolution of the EMC regulation for PLC.

Finally, we conducted a statistical analysis of BieC channel capacity in terms of outage probabikor this
purpose, the proposed injected power levels wéentato account, in conjunction with realistic netelof CTF
and stationary noise. Three power masks were ceresid including a specific protection of the FM #&anin
general, for the worst channel cases, a capacity @bps is not reached unless releasing the EM@alions
constraints. On the other hand, our study showsthigaaverage channels always achieve a capagitehthan
1 Gbps, with channel capacities above 2 Gbps ®@bst channel class. When considering all chatlastes
simultaneously along with their probability of appance, a channel capacity of 1 Gbps is reachel avit
outage probability around 33%. This demonstrates the bandwidth for PLC operation can be succ#gsfu
enlarged to provide capacities in excess of 1 Ghyile satisfying the emission limits currently ohefd by
regulation bodies.

This report constitutes a first version of deliv#eaD3.1. An extended version with complementangigts will
be provided within the course of the OMEGA project.
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