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A Design and Implementation in Ionospheric HF Wideband Communication
System Based on SC-IFDMA

WANG Yizhuo, ZHANG Yang, ZHANG Xiao, WANG Guanlin, YANG Yunchong, REN Peng
(School of Telecommunications Engineering, Xidian University, Xi’an 710071, China)

Abstract Aimed at the problems that in order to meet the needs of the over-the-horizon long range com-
munication being reliable for aircraft in super-sight-distance on far oceans and far territories, and the time-
frequency double-selective fade is severe in shortwave ionospheric reflection channels, a HF wideband com-
munication system is proposed based on single-carrier frequency division multiple access (SC-IFDMA).
The proposed method is to utilize a preamble detection algorithm in combination with segmented correla-
tion and selective RAKE reception, ensuring both the missed detection and false alarm probabilities to
reach 10" or lower under low signal-to-noise ratio (SNR) of —15 dB. The frequency offset estimation and
SNR estimation are achieved by utilizing the repetitive structure of SC-IFDMA symbols in time domain,
saving the system overhead and enhancing the transmission performance. Finally, the system prototype of
the semi-physical test system is built based on USRP, and the loopback test of single link is completed in

the channel simulator environment. The test results indicate that the system prototype can achieve reliable
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communication with an adaptive rate ranging from 200 to 20 000 bps and a bit error rate below 10 ° within

the SNR range of —15 to 5 dB.
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Fig. 7 SNR and mean square error curves with different repe-

tition segments

1.0f
08}
0.6}
04}
02}
0.0f
02} .
_04 L
—06}
_08 L

~1.0}
-1.0 -0.5 0.0 0.5 1.0
In-phase

B8 SRIMEETH EERE
Fig. 8 Constellation diagram before frequency offset compensation
0.8

0.6} ’ *

0.4}

Quadrature

0.2}

0.0}

Quadrature

-0.2}
0.4}
05F i ‘

Ry — 0.0 05 1.0

In-phase
B9 SRMERHEERE
Fig. 9 Constellation diagram after frequency offset compensation




78 25 BT AR R

2025 4

£ TR N W S R TR i R SR |
¥ 5, FJH SC-IFDMA #4551 8 52 5 Mk 5 1 47
P Adi it B RAr 4 4 16 55 0w B8 i RIS BRI T &R
SIS T T R GG R
4.3 EREKTEEFESH

PO AT N e N [l W RN U G B L
PO M ZE A 15 4.8, 12 DTSR E R Z2C I %
JF 41, DL BPSK Ry i il 752X 76 2% 2 Fros i B s 2 A
BT WA G0 i FH 3% 0 05 e LAl 113 05 iR
225 CHER[21 D6 b, 25 SR AN 10 R, Horp BB s gk
TRV RS R AR SO T A S B
Sl B S RS AT A R B AN T T RO SR R S
B2, PR A M LA T M AR B 4 #E — 15 dB ARG
5 W LB {5 R A T3 iR 22/ T 1,

g5 LR A BT 3 U0 2 50 0 45 M A
B ARG H ] SC-IFDMA 445 1 5 &2 45 v B ]
SE SRR M H AR T B R 15 e AN T BB T Y TR
B BEAR T RGTFEY 32T T R GG R

102
—— R
o e —o— SEF NG FI
N S —CRLB

10°
2 10
g

1072

103}

10* . . + * .

=20 -15 -10 -5 0 5 10
SNR/dB

B 10 fAiHEREEHFIRE LML
Fig. 10 Comparison curves of estimated SNR mean square error

4.4 ERYIBMARLST

LB 2R AR, O T 7 R H R G 00
PRIESE I AT HE 815 AR RGEAE —15~5 dB MM kb
D H R 7 AR T R I R R G g, R
Tty 2 B A W i AR f i 2 11 P

100 g
T
107! _'_%ié
107 ——7‘7?%7
~
&
10+
10
10 L s s .
-20 15 -10 s 0 5
SNR/dB
B1l AEEHARREERSEILTHHE

Fig. 11  Variation curves of BER with SNR for different

transmission schemes

TEIRRIAE] 107 DU U107 % .15 214
P &k 3 R, afLLEH. KRG REEE
—15~5 dB A9 {5 W He X R P, S BRI R AE 107
LR B9 200~20 000 bps [ 1 i 8 26 A] §E 58 15 .
%3 HENANBERTBRAR

Tab.3 Adaptive modulation code transmission switching scheme

MEEREC TR 55 E AR bps

TGS T

1 BPSK 4 0.022 0 200
2 BPSK 1 0.054 3 601
3 BPSK 4 0.094 0 1202
4 QPSK 4 0.102 7 2 457
5 QPSK 2 0.102 1 4 988
6 QPSK 1 0.102 1 10 050
7 QPSK 1 0.204 2 20 170
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