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Study on DPLL Scheme Using Zadoff-Chu Sequence for High-speed Digital Power Line Carrier Systems.
Norio SASAKI, Tasuku HANAUMI (Tsuken Electric Industrial Co., Ltd)
Eisuke SUZUKI (Tohoku Electric Power Co., Inc), Fumiyuki Adachi (Tohoku University)

(Abstract) We have conducted a study of a high-speed digital power line carrier (DPLC) system adopting training-sequence inserted single-carrier (TS-SC)
block transmission with minimum mean square error based frequency-domain equalization (MMSE-FDE). TS is inserted at both the beginning and tail of each
block for channel estimation required for MMSE-FDE. The Zadoff-Chu sequence is used as TS. In the DPLC system, it is necessary to achieve accurate symbol
timing recovery between transmitter and receiver and tracking to the sampling frequency offset (SFO) occurring between of the local crystal oscillator in the
transmitter and receiver. In the presence of symbol timing error, the inter-symbol interference (ISI) occurs and the bit error rate (BER) deteriorates. In this
paper, we propose a digital phase lock loop (DPLL) required for the DPLC system using TS-SC transmission. In our proposed DPLL, the cross-correlation for
the reference TS with the transmitted TS is measured using 32-times oversampling. The time position which maximize the cross-correlation is determined as
the symbol timing. This is repeated every time when the TS is received. Since the detected symbol timing changes in time in the presence of the SFO, the
symbol timing is averaged using the first order infinite impulse response (IIR) filter. Simulation results confirmed that the timing error is within (+/-1/64 of
symbol period) and that the of the required SNR for the bit error rate (BER=1x10) is less than 1 dB. Furthermore, it was also confirmed that the proposed
DPLL has rapid timing recovery, e.g., timing error can be corrected within 400ms after a timing error of +1/32 symbol period is added. As a result, the proposed

DPLL is applicable to practical high-speed digital power line carrier systems.
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Fig. 3 Block structure of DPLL scheme using cross correlation.
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{k(Nr2 N, )+l |

Detected
timing (1)
I'd

Detected
timing (#-1) \ / A-times oversampling

Number of
error samples

Maximum LV 0 0 oo .
Cross-corelation
e R !
S RN
Genatator S S ‘

Number of
—

error samples N _e)

Error ;‘ ‘ ‘

5 {HEELERMEBTORIIVT R

Fig. 5 Timing waveforms at compensation value generator.
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Fig.6 Power line System of used channel model.

4. FEHIIaL—L a3 UEBITER

FHEEY I 2L —va VICHW D EERKOE T VI
6 IRT XD, EBEBHROBEETIC A& T v THRRE
ENTHRNIET, RABHEBRKEL DETVOEH
Wz, OB, BIER S 300us FRE F THEET DIk
L DT, FEBRAEET 4 X NMMEST N THWS v
YA L— k% 210ksymbol/s (t,=4.76us) (ZHLE L7254,
PNRABLIT 64 & 725, 2 LT, 30k 2 1IR3 FIET 64 H
DINANZT o LIl % B 2 TARR L2 100 $OEFR A
VOV AIRE AR LT, IRWTT, 100 fLOEFE A oL R
JEED—>—2% VT 64X 64 H CHIBIITHI RO & /ERL L
F ¥ FOL O E A2 R K (50.4), FEI(38.8) & 72D 2 #lDHE
T UL A EE R L, BRI 2L — g LI
ML, FEH I 2L —a DO TER1ITTRT,
(4-1) Zadoff-Chu RFIDHEEEEFE  KEL TRV
WEORIME 2 R T E BRI E T 2BV T, SFO MFIEL
ROERIZ, fmk SN 72 Zadoff-Chu RF & ZENTTOHE
L 72 Zadoff-Chu RAN & N KM & D 2 A4 IV TALED
RBEEEEEZRL, BOREY Y RLL A I T s
DBAERMELFEES I 2L —2 g U THLMNTT S, =
DI, GORITTRT ==Y 7Y 7l k IZEMAAE
BISR OB AAE L 325 & Lz, F7=, #REE MO E N
¥4 7+~ N(CFO: Carrier Frequency Offset) &%, %5{5H
T+3Hz, +6Hz @ 2 -0 CFO % v 7z, & LT, SNR(Signal
Noise Ratio)iZ 30dB & L 7=,

X 742, ORICLVET Y7 TEHELNRKAEREE
Comax WD Z A X U TEBIZHOWT, BIE L=V 7
(1s+0.0052s/block=193 f#l) TIEBUL L 7= Fe R % B & =
T, FLT, BEOREEIURLE A I 7@ o R H
ROV arNEoof@E)Eoliksd 5, K 7 I2RT
Zadoff-Chu R¥|DHERFHBMED )X, CFO BLW, F¥
FADEAEBELICRDSTEOEE VARALX A I I
BED 32 FGA—_—=H TV TTH-1 T T (v
VARV D-132)DALEIZSH L TEY, FhEN0F
X, BELF-1~05 A7V T OFENIZHAA LTV
%, T, Zadoff-Chu RA DAEHAFGIRINRIER 2 L D5
WAaRZTI2Z LT, RAMBAENK-1 7Y g SR
EERTREMEC T b DL ER D, 2O LD, SFO M
TFELRWHAICEWT, 24— —H 7Y v I

F1 A I2L—v a3 0#E
Table 1 Computer simulation condition.
Data modulation 64QAM
Data symbol
. N=960
Transmitter Block length !
TS length N, =64
- Zadoff-Chu sequence
type (m=61)
Symbol Rate 210ksymbol/s
Channel L=64-path symbol-space 4.76us
. Signal detection MMSE-FDE
Receiver
Channel estimation Frequency-domain
channel estimation
Filter Root Nyquist filter Roll-off factor f=0.4
50. 4(max) — \ CF0=3Hz
3 U'\ Numerical values are
> 38. 8(mean) eigen value ratio
YN
<
3 o Average value ||
> / ’ \ mean=-0. 88
= 045 max =-0.71
i
2 :
-4 3 2 1 0 1 2 3 4

Timing position [sampling]

(a) CFO=3Hz

50. 4 (max)

| cro=sHz

'y 0:3
38. 8(mean) %& Numerical values are
> . ! s
has 0:25\ eigen value ratio
z X N e
o
© 0: Average value
z mean=-0. 96
= max =-0. 94
‘S 015
) / \
[
K=}
o
> U
o \
0.05 \
-4 3 2 1 0 1 2 3 A

Timing position [sampling]

(b) CFO=6Hz

1 ZRREERBEEOEEREE

Fig.7 Probability density of maximum cross-correlation value.
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Fig.8 Estimation performances of transmitted symbol timing.
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Fig. 10 Tracking performance of transmitted symbol timing estimation.
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