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National Institute of Information and Communications Technology
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* B [y V/m]= 120t X BEFAGEF 4 A/m]
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* BFAF [ V/m]=120 7 X BESRAARF [u A/m]

National Institute of Information and Communications Technology
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* BFAEF [ V/m]=1207 X BESRAAREF [u A/m]
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URaAlb—IavERDOFEED 1

Metal Ground Plane Wet Ground
Veom=1V (120dBpV) | & %mmfjﬁfi & Emnixgﬁfi
com=25Q max max
(dBpA) (dBpV/m) (dBuA) (dBpV/m)
Dr=10m, Hr=2m Dr=10m, Hr=2m
f<15 MHz | 68.8 88.5 75.7 73.1
4m-BER £15 MHz | 84.4 99.4 715 90.5
loml Lf=15MHz| 887 100.2 68.2 82.0
£515 MHz 79.8 95.6 70.2 87.0
soml |Lf=15 MHz| 829 97.1 67.4 81.7
£515 MHz 76.4 93.8 69.4 86.0
loomL |f=15 MHz 61.8 77.4
£515 MHz 67.4 85.0 Ex | ERARE
som-g44g |TS15 MHz| 875 96.4 66.0 75.9 (dBmA) | (dBmV/m)
f>15 MHz 85.8 92.2 70.6 79.5 Metal-Wet | Metal-Wet
- £f<15 MHz | 820 95.6 678 [+7.9/-60] 780 +4.0 /-49] 142 175
FRE 7575 MHz 81.6 95.3 69.8 [+1.7/-24] 856 +49/-61| 118 9.7
£f<15 MHz |1 mADB 70.2
515 MHz |1 mADB 75.8
Hi7 KR D 10 m (1) EBRAMEICHEART, —i K (Wet ground) DA A, Icom,
%EPLC BRRMEL. #I1210dB I LET
MRS s 0MAM (2) BBOEALEEIZLAIDST, Icommax)=1 mAIZ&
HESE (72dBuV/im) TRETDHEHMIOMIZH FHERRAREIL, 70~76
leom(max) [ o g | 3:8x10°mV/m dBMV/MBBET, HITFEBEPLCHR S HE EIZRHO
=1 mA = | (z2dBpvim) EEIEERCTHD.,
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Hmax (dBuv/m)

95 — A
1AR$RETIL Source (Ve=1V)
90 ‘/,)
s
7\(3(
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¢ N
85 . }
Pl
Veom=1V
80 / b o Zcom=25Q
Wet ground
Av(lc av)=64.8 dBuA
s L®  Av(H)=83.1 dBuV/m
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Ic_average (dBpA)

2A$2ETIL Source( PLC modem 90dBpV)

Hmax (dBuv/m)
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25

4

&Y
L 2

/ 4 PLC modem
Wet ground
L 4 Av(lcav)=12.5dBpA
/Av(H)=33.3dBuV/m
5 10 15 20

Ic_average (dBuA)
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_ 1AX#RETIL Source (Vc=1V)

95
Veom=1V
Zcom=25Q
Wet ground
90 DUt c
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@ N
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75
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Ic_input (dBuA)
2K $ETIL Source (PLC modem 90dBpV)
. / N
40 / xV
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B 35 /
% 4
E
T
30 | < PLC modem
Wet ground
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BHHETILOICERBSAVE—SL R

_Z4-75(_663-337 _, ., [
2 2
3
EPLC ch - 316)(10 163 ~ ZOdB(HA)

T Zod +Zidd Zice + Zeom 1004100 25+ Z 4 T

ch

e

Wet Ground E @D Antenna Impedance (KMZ=d))

MHz Real(Zant) [ —Zcom [Imag(Zant) ABS(Zant) _ B A

85 731.1 706.1 —238 706.5 Zant=200 ohmD 55
10L(wet) 18.5 395.1 370.1 -122.8 389.9
29.0 319.3 294.3 -143.0 327.2
12.0 511.2 486.2 -243.8 543.9
30L(wet) 21.0 4948 469.8 -77.9 476.2
29.5 323.9 298.9 -176.4 347.1
5.5 1486.3 1461.3 -14.4 1461.4
100L(wet) 15.5 582.2 557.2 -195.4 590.5
25.5 385.0 360.0 -230.0 427.2
8.5 770.0 745.0 —345.1 821.0
30V(wet) 18.5 524.6 499.6 -141.6 519.2
28.0 316.1 291.1 -147.0 326.1
6.0 763.2 738.2 | —1494.1 1666.5
10.0 421.2 396.2| -1015.9 1090.4
14.0 274.5 249.5 -695.0 738.4
AmEEH 18.0 215.7 190.7 -451.7 490.3
22.0 209.2 184.2 -237.2 300.3
26.0 265.4 240.4 -8.1 240.5
30.0 497.0 472.0 287.6 552.7
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1.E+04 T BRERER
L=20m, Ht=2m — 1 MHz
1ER I|3uV/m WetGmd. Hi=am T |
| =1mA
1E+0? |92 | o com(max)=1mA | | -
SLEL 72 = — 5
S ! — TMHz
< LE+00 52 N
3 \'\\ | —— 10 MH
T LE01 \\\\\\ — 20 MHz
1E-02 N — 30 MH
N
1.E-03 Eﬁ
1E-04
1 10 100 1000

AR [m]

Bg5-11

KEHBDETR(1mA max)IZ&k->TEL IR D IE st

(Wet ground, Ht=2m Hr=2m)
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1.E+04 T T T T TTTT
‘ L=om, Hisgm || LM
LE+0 dBuV/m Wet Grmd. Hr=2m4 | — 2MHz
| Icom(max)=1mA IMH
LE+02 92 N e
\ SR
LE+0L | 72 s — TMH
| \ N —10MHz
LE+00 | 52 SN _
' N 20 MHz
R — M
1.E-01 SN
AW
1.E-02 §§\ -
NN
\S\:\:\
1.E-03 §Q§:
N
1.E-04
1 10 100 1000
IKTEREE [m]
5-13

KEBBDOEFR(1mA max)Ick>TEL S8 5D IEEEEE
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BEEREOBHBET VLSRR
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SEEF 3.2

BAFI = HRE IREERE (PLC) HER0REBRER L UFFAHE ()

(BK) B ER B BRI E & v & —
RAFRIA

8 i P

BV THIHT DHEES NI PLC KBRS L O PLC 3REZ W T 2T EM T 5, W, PLOREZNET
DRI OV TR, ERENBRICER L TEAT2 b0 T, BEENREEBICITERLRVbDO LT
60

FAE

ENEEENRCERT 2 BHFIA PLC HEROBEARIBEBERTICHN 5 CELFH B 2 WHEIC
Bl S B RBIEICHE o CTEHERIEAZEME L OEREENEAZEHC LV HEIEL, X1 0FE
B2 L,

7L, WRHEENEAZEREZER L AEES EYEFREEZHTHA, HRIEE EUT) 1M\
FOFRMEEWZ L T\D LRI, FHOEAERZERICIIRELBHEL LRV,

#1 BEAFIFHPLCESES O B EEF 2 MHz~30 MHzIZ 1) %
BIRIREEERFOLE o T — RGBT — R) IFERFAE GRIEINE)

JE I B A B ERFAME
(MHz) dB(uA)
YL HAME SEEIE
2 ~ 15 30 20
15 ~ 30 20 10
& AEEOER CIHENFOFRMELERT 5,

FFAMEOTEZEM
AR B ) R FE A Bt S 41 D BRI PLC AR L TV D BEIRATAME A EIC LTV D, ZOFH
EOZEMIE, ¥ alb—ra VBLOERNECI BT 0ERH 5,

RERTE
BAFIA PLC B OBA D RIZENEIRED 2 — FA UV E—F VAR I UOREEREER
2RI S RLBRERBEMAIC L 8 FRERZRET 5.

RBRTEDIERELH -
B B O BRI L OEIEGnh 0> DT E 23S S D 30 MHz LUF O EF RIS W T,
HELEIR A (AN) (2 K D=8 B 2 WE T 2 BRiEDS iy 7k & LTER SR T



WD,

LrL7223 6, BANTHEITN T % PLC Bids O B i MR E 50 ET D720, InsE 5 EN
B DO RN L VBB SINTRAET D3 E— RIFERZMET 2 LERH D, LEEN-T,
TESR D18 AE [mIFRHE OFERE & [RIER BRI (ISN) 12 & 2 RUBRIENEYI TH D,

Z OIE{E RIS S Dl E ST DR AT D E M OMBRIET, FEEE ORI CISPRHFKKIC X
STHESNTWS, ERNTE, ITHESROPEFR A ERHEH 217> T o VOCT 28\ T, IR 4 A
16 Z ORI IS @R O ER B MG E > T\ b, W, BRI THA S LS PLC 2EE )b %
BT D ERRBRE S LTHRRICHES TV D,

BAFIA PLC #Z2 ORI T 2 8LIEIRA (ISN) D&tk
BAFIA PLC 3RO RE Y ER A ICHEAT 28U EEMAIL,. LT X 51z, BN THAESLS PLC #
FOBRBRICAV LB (ISN1) ERUEHEL T 5,

CcaAEUE—RAUE—F R 25Q +/-3Q, (UFEA 0°+20°

« TATFPLOVYIVE—RAVE—F VR 100Q +/-10 Q, fifg8fh 0°£25°

- REEREERE 16 dB +/- 3 dB

ZORMOREIA  BAFIFHPLCHESRITZ. T4 77 LYy LE— ROESERETHILDOTH DT
W, I LD TEE— REIE, F & LT, 2EERT 2ENE IO ARSI L > TAEL 5,
2O, Z O ORI AW D BHEEERE OREIL, ENEIROREZ BT 2 b O TRhRiFiuT
B, LI T, BEICEN PLC 2EE ORI T~ 2B EIRIEHE ORI L L THE S VTV O fHE
FERATLZENRYTH D,

RRELE

BATHAT EEI Nz PLC BB LU PLC B AWK T 28R, E¥SRBREIZH LT 40 cm
DOABICEET DI L, 7272L., PLC (B2NRT 2MENKEBEERE L L TRESNIHEIE, £
o Rm EITHER L7IREBT 156 cm DUT Ofiadf TRBE & DBz Bt L TREET 52 &,
=TI KHED LT HZE (15ecm UTOEET), BEROERMEESA TV AHEAIE, K
HECR T4 v 7 T52 L,

REREEOHI L LTk, CENELEC #i#& & L TREBRBICHIUTOREZRET 5,
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(QP) 30dBpA (15MHzELF), 20dBuA (15MHzEL k)
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Figure 7. The CMI distributions measured at unused outlets
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ERAPLCO 71(PSD)

o IBITOEMANPLCET LH 3~ -55dBm/Hz

o INT. HINEENBEZLLERBEMELANILEZKX
1= 2B

e ZDEMEAIL. ISNIZELBEIFEEDIT
-> PSDTCEERAGHITNIXZDIIIBAITFS

« RKEFETHEfRERHLIOMD TR EREE
E(Bw=10kHz)&PSD D B % (4% 1a
E[dBuV/m]=PSD[dBm/Hz]+109
(PSD=-55[dBm/Hz] CE=54[dBuV/m]®DEAE L Y)

e EXRONIL. PSDARFES,
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o BITEEIIEFBEFTLANILEIABETLITAIEE
SHRESEFNIEITU-R SM.1879(30.5dBE T

o ZHLLHIIZ. Eiﬁ} LENETEL=RIBEESLANILIE
F1LFELE BT > EBEZERE

e BEIFHELANILIZEEITU-R P.3720Ruralx$ 8
10dBuV/m@2MHz, 0dBuV/m@30MHz (Bw=10kHz)

e BIEHSLANILZ0SIBLMN EFSELLNEITE:
FEE#EX)EPLCRBY)IFIRIIAZDOTE LD

& 10Log[(X+Y)/X]=0.5dB
Y/X=0.122, 10Log(Y/X)=-9.13dB

e E=1dBuV/m@2MHz, -9dBuV/m@30MHz
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PLCET LBEATOHOPSDHIEER °

Outlet-1A L: 220 uH
_° C: 100 nF
L f C R: 100~0 Q (see page 5)
C ‘ ‘ o/ T: DMCT (see Figure 2)
—O0—® — 0O
PI(;C R Ferrite Toroidal Core
modem ‘ ‘ Fair-Rite 2643102002
o @ — 0
L. C primary
(@)
Outlet-1B 50 O
PC
Spectrum
IP br'oadcast at the ,Enalyzl;r 10t
maximum data rate Peak / RMS Secondary
Figure 1: PSD measurement method Figure 2: Differential-Mode
Current Transformer

for single PLC modem



PLCET L2Dxt M TAHPSDEITE %

Outlet-1A Outlet-2A
(@) (@)
L: ¢ T CL:
x R, |
——o0—e —0 e O —
PLC PLC
modem modem
1 2
0@ o0 o O —
L C C L-
(@) (o)
Outlet-1B ? 50 0O Outlet-2B
PC1 L: 220 pH PC2
Spect .
FTP SEND at the Analvzer C: 100 nF
maximum data rate Peak/RMS R: 100~0 Q (see page 5)

Figure 3: PSD measurement method
using two PLC modems

R,: 2kQ)

T: DMCT (see Figure 2)




EHETE—FERMNSAX(DMCT)IZELS -
PSD/ I]J_Elfd)ﬂ:}::

Primary
°© ®  Effective Load Impedance
R R.=R+r, r=(2/N)?Z,
2t Power P=i’R,
T == Secondary

Nt Current i,=1/N? N=10, Z,=50
Lo= Power P,=i 27, Re=R+2
>0 £2 Ratio k=P/P, =1+N?R/4Z, KE1+R/2

Spectrum P[dBm]=P,[dBm]+10 log,,k

Analyzer

Figure 4: PSD Measurement by Differential-Mode Current Transformer
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PSDDEfRMAVE—F D RIKFHE -

PLC modem DM: Open Voltage E, Source Impedance R, (unknown)

DM Load Impedance: R,

Power: P=R_E?/(R+R.)?>=(E%/4R,)(2/(x}?+1/xY2))2,  x=R, /R,

Maximum Power: P, .=E%/4R, (x=1)

1 T

8.9 |
8.8
8,7
8.6
8.5

P/P s

8.4
8.3

8,2
0.1 -14

] : : : : : : : -16 :
] ] 18 ﬁRe/EliQs 23 30 3 40 =48 =38 =28
Figure 5: PSD dependence on load impedance
R, as low as 1 Q is reported.

R.=R+2, R=0, 1.0, 2.2, 4.7, 10, 22, 47, 100 (E3 series, minimum req.)

20 38 408

20 log R./R,
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2. AN EE
2—1. R2TRSNAHELDIZ, MBEFFIEICISC THELEDL300BOIEEH
NBEZEATOBNENRIEOHEEZFOL

K2, BAEXEEELAND

EUTHSAED A E—FRiEAE %k (dB) 10 =40
RREEESLAILCEHE, dBuV) 65 95
RRZEEEBLAJL(EELREEE, dBuV) 75 105

2—2. BRI/ VF
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ZZ FRW DR (prEN 50561-1)

Table A.1 - Permanently excluded frequency ranges

Excluded frequency range (MHz) Service

1,80 —-2,00 Radio amateur

2,85 — 3025 Aeronautical mobile

34-40 Aeronautical mobile (3,4-3,5), radio amateur (3,5-4,0)

465-47 Aeronautical mobile

5,25-541 Radio amateur

548 — 568 Aeronautical mobile

6,525 — 6,685 Aeronautical mobile

7,00-7,30 Radio amateur

8,815 — 8965 Aeronautical mobile

10,005 - 10,15 Aeronautical mobile (10,005-10,1), radio amateur (10,1-
10,15)

11275-114 Aeronautical mobile

13,26 — 13,36 Aeronautical mobile

14,00 — 14,35 Radio amateur

17,9 1797 Aeronautical mobile

18,068 — 18,168 Radio amateur

21,00-2145 Radio amateur

21924 - 2200 Aeronautical mobile

24 89-2499 Radio amateur

26,965 — 28,00 CB radio (26,965 — 27 405), model control, elderly alarms

28.00-297 Radio amateur
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Table A.2 - Permanent or dynamically excluded frequency ranges

Excluded frequency range (MHz) Service

230 —2 498 Broadcasting

3,20-340 Broadcasting

3,90 -405 Broadcasting

475-511 Broadcasting

575-620 Broadcasting

7120-77 Broadcasting

930-995 Broadcasting

11,55-1210 Broadcasting

13,55 -13,90 Broadcasting

15,05 -1585 Broadcasting

17,40 - 17 95 Broadcasting

18,90 - 19,02 Broadcasting

2145-2185 Broadcasting

25 65 -26,10 Broadcasting

MOTE The bands in this table include frequency ranges allocated under Ariicle 5 of the Radio Regulations to the Broadcasting
Service, plus a realistic appraisal of use for broadcasting under Article 4 4 of the Radio Regulations.
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