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(Sungsoo Choi + Hui-Myoung Oh - Youngsun Kim * Yong-Hwa Kim)

Abstract -In this paper, we study on the reliability of Very High-rate Power Line Communication (VH-PLC) for
Smart Grid, so that the resultant data rate is over 400Mbps at a physical layer. Firstly, reviewing the research trend of
the PLC, we discuss the required techniques for supporting the Smart Grid. Considering a pre-specification with the
value of several parameters, we investigate a multi—carrier modulation technique to overcome limitations of higher rate
transmission under power line channel environments. Then, we propose a system specification of the VH-PLC in the
sense of enhancing two features. One is resolving the problem of the co—-existence of the deployed high-speed PLC
according to the published standardization of KS X 4600-1 in Korea. The other is getting better performance on the grid
adopting the diverse element techniques, such as multi-carrier modulation, a subcarrier utilization mode, a variable rate
LDPC (Low Density Parity Check) code, and a time and frequency diversity technique. Further, a simulation tool,
composed of an Event-Driven simulator and a Time-Driven simulator, is developed for the purpose of verifying the
system performance and continuously cross—checking the test bench signal of the proposed VH-PLC system.
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Fig. 1 Classification of Power Line
According to Frequency Bands
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Table 1 Data Transmission Rate

Spectral

Number | Number Data  Rate efficiency

Modu- | of Coded | of Bit (Mbps) (bps/I12)
CR lation Bit per per GI= GI= GI= GI=
Symbol | Symbol | 4.27 2.13 4.27 213
usec usec nsec nsec
3 256QAM 13824 6912 180 190.5 3 3.17
k2 256QAM 13824 10368 270 285.8 45 4.76
5/6 256QAM 13824 11520 300 317.6 5 5.29
7/8 256QAM 13824 12096 315 333.5 5.25 5.55
H 1024QAM 17280 8640 225 238.2 375 3.97
E 1024QAM 17280 12960 | 3375 357.3 5.62 5.95
5/6 1024QAM 17280 14400 375 397.0 6.25 6.61
7/8 1024QAM 17280 15120 | 393.75 416.9 6.56 6.94
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Fig. 3 Simulation Results of Packet Error Rate

4, Z1% MHMEA (VH-PLC) 7|&

AR 400MbpsE oo AEEE mEaye 9@
== s

o] Wz duigs

™

= A4 A9 AdRABIdM dedst S5e AT 4
s VleEs HES F, VH-PLC &84% (PHY) 7
&g e aETt

HA, 71E ) k. dHdEal Ala" S7REES KS
X4600-10F  HALETA ISOAEC 12139-1& =i
24Mbps+ 1<% TAAN =R U A B
A FHF F A7) AsiME Aoz de) AaAAx,

E-ER2E(53) F3, tholuAlE wig, $dde]l HMx Y

512 AZ FFT7IMS E¢ste 35 3E7E 5ol 43
Ageojzier @23l #HE,  AHANE FHAAA
400MbpsH ©l/de AEEHEE A How dAgstds A

29 SNR& FHAsbslr] 913 Wetez Holy Zd Y 3lH

AANA~E F1, dolgzg st AdFssz LDPC
(Low Density Parity Check)®} #& Also] 43 33}
718 ARgStT) o] W, AER 33 AeS dAHs= WEY

2 A7) wE AaEe] SanmE Fol7] ¢d)
g9 AEHIER RE 24x24 99@do AVE &FolF
WHew A= WHE 1stske 1/2, 2/3, 3/4, 5/6, 7/8

[}

o R RES £ P AUES FUHIOL EF AF
58 o= AR IgPANEE 54 AF AHHS =
ol7] A% Weroz AW Fejol %A FuEste] Wz
A w2 wos g 24 ¢ A s 29 7]
Fol Bastth L@ theo] PUEE BAHOE 0§
o, ARE R Fng o WA delE A% WSE %
ERugs AR e Agetel AAAY A4 4
A e S Qe 9Rsg ged ERHoR YeRER
SrH1lL vhstem Adel Azl wE Wt 4E o)
3o UE Bauy e 4se dshE destusnE
A5 BaEYAS AHgTh

1258

i* 2 400Mbps® =1=%
Atet
Table 2 Specification of the 400Mbps VH-PLC

/7S
[l
o
=
Ofm
>
>
[>
0z
0
T
_<
N

o

25

DMT &g eiggt
= Zaojoie Hojz a2l 71 Mg, dlojef =2y
T - s,
ASTHAYE 25MHz 25MHz 75MHz
MEFoe 50MHz 50MHz 200MHz
E 713 97.65625kHz 97.65625kHz 48.828125kHz
IFFT 7424 512 MZ 512 ME 4096 MEZ
TEETR A 0ME 128 ME 448 ME
gz 7214 16 ME 16 MZ -
HE 21 512 MZ 624 MZ 4544 ME
FFT 37| 10.24sec 10.24psec 20.48usec
AE20| 10.24usec 12.48sec 22.72
s wpy) BPSK, QPSK, 16QAM,
wx 16PSK DBPSK 64QAM, 256QAM,
1024 QAM
42 E2|A S (PHY) At

2 Az HA EYAFTY AYE ® 2 =
VH-PLC =% 2159 DMT AE Wiz A4 o 3
gl et Al 71A dHeolHd FAoE udEn. ZIgE
(Preamble)¥ #|o} Z#d(Control Frame)o. &
EAH(Delimiter)= 71 KS Fdl2-A ZX9 ¥+
TEEE 98 metd Aow A, KS 8 2-A PLC #AY
Ed3d DMT AE wsfges et 71 HAE(Long
Symbol), "lolE] Z# 9 3 tj(Data Frame Header)$} dlo]
B Z¥ <l (Data Frame) #dl 75 MHze F3t5 v
Al 1,636 e FukEdgrt J8E DMT AEZ F45H
Baukgsl e 48828125 kHzolW, ts A2 A4
Qe Hizelr] 93 224 psec ZolY % HERE
(Cyclic Prefix)7} 7}, Z+ DMT *‘19] Aol 2272
usec’t ®th o] DMT AEEL oS 34 &2 o]
t}. VH-PLCol| A}&%+& PSDU _IIJ—T__‘ a9 49 2
PSDUE = 9] uirje] sfdste doly Zy el 23 o
Fo wel &2 PSDUS 71 PSDUZ ut} #e PSDUE
g FEANES 23ste], KS X 4600-1 PLC S 2=-A
FA 9} sdgr ZE|HE Aol =), 1Ea 1 ”ii}
ol ZyHdsuz AT 28 qES CP7t gle

22-A DMT (DMT-A) A 92 F3=H, A Eaﬂ%‘%
PE X33 DMT-A AE 4=z #4499 10 482 CP
2 %335 F¢~-B DMT (DMT-B) A% 2702 7AW,
ol < dHE CPE X3 DMT-B A& 3712
AdEth 21 PSDUE &% 2%k diojy Zgdoez 74
o, dolg =<l MPDUY sjdsts Z#e) v 4
ole wgl 7ZFH A n o] DMT-B AE2 FAE do]
g Zedel= Zyd vihet &5 did, doly =gl A
A ANEx27t 23

O>4

@

il

f
i

xS

o H o

Entemlie) Clelisiter Dok s
biians e A} e
p— ot Loy Pnt e PA—— Mok | EXES
Fcomr Syt Py | RELE
P L2t | 2272e2e  mR et B nm
SarrNr
Loy P5TF

a8 4 PSDUS 7=
Fig. 4 Simulation Results of Packet Error Rate
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Fig. 5 VH-PLC Simulator Based on Event-Driven Type
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Fig. 6 Simulation Result Based on Event-Driven Type
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Fig. 7 VH-PLC Simulator Based on Time-Driven Type
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