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ABSTRACT

Recently, studies on techniques for increasing spectral efficiency have been actively carried out in recent years
when spectrum resources have reached saturation. Single sideband (SSB) modulation method and windowing
technique are one of technologies that can increase spectral efficiency. Recently, an SSB-WR-OFDM system
combining SSB and WR technologies for multi-carrier had been proposed as a technique for improving spectral
efficiency. In a multi-carrier system, the performance and spectral characteristics of the system may deteriorate
due to the nonlinearity of high power amplifier (HPA). Therefore, evaluation of the system’s peak-to-average
power ratio (PAPR) and spectrum is very important. However, there is no research related to this. Therefore, in
this paper, we design SSB-WR-OFDM system combining SSB modulation and WR technology and evaluate its
performance and characteristics. Furthermore, performance and characteristics of the SSB-WR-OFDM system were
evaluated by applying the DFT-spreading method, well known for PAPR reduction techniques. In this paper, the

simulation results are presented quantitatively.

% o] TS 20169 AN AP A TARES] 2|9E o} SaE AF3)(No. 2016R1D1ATBO1008046).
First Author : Department of electronic engineering, Chungbuk National University, kyeongsoo@chungbuk.ac.kr, &33]<]
Corresponding Author : Department of electronic engineering, Chungbuk National University, ecomm@cbu.ac.kr, 3]
= E 1 201901-414-A-RN, Received January 16, 2019; Revised April 8, 2019; Accepted April 9, 2019

*

1033

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-06 Vol.44 No.06

I.M E

wuplr]7|e] ARgee] E Fo7 ZvhE Hol=
3] AHgshe 2mbEERTRe] obd tiokdl e}
el muted 77]Ee] ARAES] o7E T
&l Aze] FAE AR glek oleigh mulel 7]7]
52 it FAEAL 7SS o83l HolelE &
FAIBEAL Q7] witel] 2~ ER] Aple] 3} Abelel
o] 8xfolli= BEH R ~HEF 281S A
T 9= 71EEe] o] US| A18E AL ik o]
g sdEy 585 w7 93 e
SSB(Single Side Band) 1% 7|&3} $1xe) 71&S
=z E 4 gich

P2 ohdz . FAlellA ArAlso
AR Al E Fatel Sildke Ve 4 Az
DSB(Double Side Band)E Hilbert 32~ E3f
LSB(Lower Side Band)2} USB(Upper Side Band)
As 2 ol gk SafeRtke Agste] ~H eSS
Ankk AR B 7)soltl 22 o]2]3l SSB
Wz vh-S vx|" Wz el OFDM(Orthogonal
Frequency Division Multiplexing) o] AL312} =
QATEe] o] FoiX| L e ol A A 7
FEoR wreld 4 ik shve A ke
LSBe} USBE e Ao, vk shbe A A 29
E7] LSB9} USBE = Zlolth o]zt AlxdlE
< DHT W#g sl 7]z ARefed
o2 e 7S Alse] BdsAds AlAs
o] 4% 23 E7]2] 00B(Out of Band) 3132 |7t
A7l 71zolek. ARk dlolg] o] EAks &7
3}7] <ol WR(Windowing and Restructuring) 7|
W 55 ol83le] &4 dlolelE CPE el 43l
Fofof gk
HAl olEAleAe]  WEwbeR=  DFT
(Discrete Fourier Transform) -2 FFT(Fast Fourier
Transform)S AR&sh= Tjx|" WZE HF2lel OFDM
(Orthogonal Frequency Division Multiplexing) 2|2~
B8 2183 Slx]R OFDM-E ¥& PAPRE <l
slo] A 2mrt am, o5 JiAlsl] $13 v es
DFT-spreading 7S T2 A8t
DFT-spreading 7]%-2 OFDM Al~Elell4] IFFT A
SAA FFT A2l5 3te] PAPR SA4S £15
AEE g} o] R Qla) whde] Hf{ 4w} Aol
wejg] o] Zejx|n, HPA 3% o] 8408
AR o= otk B =Rellxds AL o5 EAlelA A
4= 9ubH3l OFDM Al~HlS- SSB W1x 7|<3}

-

1034

WR 7|42 ZP3 SSB-WR-OFDM  A|2=Hlo|
DFT-spreading 7|%-& A}8-3}] HPA(High Power
Amplifier) B]A13 FAol|Ae] A 8 g Bz

sk

M. AlAR ZH

2.1 SSB-WR-OFDM

OFDM=> th5 RIS o] 83le] Wxd AlEs
S48k wRle|tl” OFDM-S oJ2] HEln|t]o]
W, Qe AL FA UES S, 449 o]F B4
& ThFsE ool &&= qlck o7 sHe] W™
dlolg] 2=t} AdE E&f doleE s
el vlre] Al Zhe HETLE ARSSled dlo]
& 243

dubgd o2 OFDM2 $A17]9l4 IFFTE AM$-3}
o A7t e g Walsla W F Adzke] 7HdS Bt
2817] $181e] CP(Cyclic Prefix)S F7}13kc}. 0|23k
CP= OFDM Al 2] wix|7} the] oA dol] I
gro g Halslel B ke AdE] M-S WS}
EHeR, FAlZ]¢M A8 AlSE YAY Als
2 a3 Auy wgk S A€o

B =Tl o4 A7 CP-OFDM¥} SSB |
ZE o83l LSB Al%¢} USB Alsd] Z7] o}&
Ho]el S Agslie Al2~Elql SSB-OFDM  A|~Hl-S-
Tskoiet 13 1> SSB-OFDM A| =gl e] 7} it
P ~F Ef o]t

Awe) e ~HER] T8-S Fo|7] 9% 7IE 5 3t
v, 2T we A7t o] FolA| A gl AT A

12 S7helke 54 f=s s woms] olFe]

LSB USB LSB USB

£ I
32 1. SSB-CP-OFDM Al=glelx|e] 7 ksl )
L=%=2)
—u
Fig. 1. Spectrum of each subcarrier in SSB-CP-OFDM
system.
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Table 1. Simulation conditions for performance analysis.
Parameters Value
Modulation BPSK
FET size 128
Data Subcarriers 104
CP length 32
Window function Hann window
Window length [16 16]

Saleh model
CO=ar,’1, 0, 8,0, 6,:0.01(Linear)
Cl=a,1, @,0.05, 3,005, 3,001
C2=a,’1, 01, 8,01, 8,:0.01

HPA model

HPA coefficients

C=conditi
(C-condition) C3=a,1, 0,015, 3,015, 8,001
CA=a,1, ,02, 3,02, 3,001
Channel AWGN, Rayleigh fading channel
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Fig. 7. PAPR performance comparison of each system.
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Table 2. PAPR and spectrum performance evaluation for
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OOB power

System PAPR(??) reduction(dB)
at 10" I"epTcl c2 34
OFDM 10.6 =281 -231 201 18 i -15
DFT-s-OFDM 8.5 -28 i -26 : -24 ; 23 21
SSB-WR-OFDM 11.1 651 -27i-21:-19: -16
DFT-s-SSB-WR-OFDM 9.7 -65 i -34:-29: 27 i -24
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Fig. 13.BER performance of DFT-s-SSB-WR-OFDM
considering HPA nonlinearity.
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Table 3. BER performance evaluation for each system.

Bit error rate (at SNR=9dB)

System
Co C1 C2 C3 C4
OFDM 3.8 % 1.5 1.1x< 4.6 < 1.3%x
107° 1071 10°% | 100° | 1072
DFT-s-OFDM 33x | 38x | 73x | 22x | 59x

10°° 10°° 10°° 10 * 10 *
Improvement rate 175% | 193% | 195% | 195%
36x | 1.5x | L7x | 96x | 3.0x

SSB-WR-OFDM 0 Lt | s | s | e
DFT-s-SSB-WR-OF | 38x | 85x | 45x | 21x | 65x
DM 10°° 10°° 10 * 1072 1072
Improvement rate 143% | 174% | 178% | 1 78%
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Fig. 14, BER performance of OFDM considering HPA
nonlinearity in Rayleigh channel.

1038

BER %erformance of SSB-WR-OFDM system considering HPA nonlinearity in Rayleigh channel
10 T T T T T T

—— Condition 4
—#— Condition 3
—— Condition 2
—— Condition 1 |
Condition 0
( Linear }

Bit Error Rate

15 20 25 30 35 40
Eb/No, dB

02l 15. Rayleigh Adold  HPA w|AES w3
SSB-WR-OFDM?| BER 45

Fig. 15. BER performance of SSB-WR-OFDM
considering HPA nonlinearity in Rayleigh channel.

=t B =& ~HE" 98-8 V]9
3l SSB-WR-OFDM A|~®l-S AA IS 1 Al
< dolwy] I8k Al EHe)AAS AYslsirh dwal
2 (16 16]°] =% Zo|E Z= Hann window
ARgEte]  AlEHeIAS Alasklel sk
DFT-spreading2- 7} A|2~®lo]| 283} PAPR A&
3} v]413 HPA $H4ellxe] ~9 e8] 9 BER 455
vsliek w43 HPA 37364 SSB-WR-OFDM
Al2~glo] oJul OFDM A|~Hlel| H]3] AWGN ¥
Rayleigh =dell4] BER AdGo] =X ¢ow,
DFT-spreading > 2 <13} BER A5 7WA1-& =3l H]
oA Ao A FE 5 9l

il

References

[1] E. Bedrosian, “The
representation of modulated waveforms,” in
Proc. IRE, vol. 50, no. 10, pp. 2071-2076,
Oct. 1962.

[2] K. Abo., et al, “Spectrum efficient
single-sideband single-carrier with frequency-
domain equalization,” in 2015 IEEE 81st VTC
Spring, pp. 1-5, Glasgow, UK, 2015.

[3] H. A. Leftah and S. Boussakta, “Novel OFDM
based on C-Transform for improving multipath
transmission,” IEEE Trans. Sign. Process.,
vol. 62, no. 23, Dec. 2014.

analytic  signal

www.dbpia.co.kr



=1/ SSB-WR-OFDM A| =8l A9} HPA H]A1¥

Aol 48 A% o}

[4]

[5]

[6]

[7]

8]

9]

[10]

G. Ohta and T. Sato, “An Orthogonal

Frequency  multiplexed(OFDM)  four-layer
SSB-QAM  modulation  method,” 1EICE
technical Report, vol. 114, no. 490, pp.

159-164, Mar. 2015.
Y. Jiang, Z. Zhou, M. Nanri., G. Ohta, and T.

Sato, “Performance evaluation of four
orthogonal single sideband elements
modulation scheme in multi-carrier

transmission systems,” in Proc. IEEE VTC
Fall 2011, pp. 1-6, San Francisco, United
States, Sep. 2011.

B. Kim and H.-G. Ryu, “Spectrum analysis
and performance evaluation of OFDM-Single-
Side band BPSK
modulation,” J. KICS, vol. 41, no. 11, pp.
1380-1386, Nov. 2016.

B. Kim and H.-G. Ryu,
performance improved
DFT-s-SSB OFDM,” J. KICS, vol. 42, no. 11,
pp. 2086-2092, Nov. 2017.
J. Lee and H.-G. Ryu,
evaluation of DFT spreading SSB WR-OFDM
system using Multi-Level PAM modulation,”
J. KICS, vol. 43, no. 12, pp. 2032-2040, Dec.
2018.

T. Hwang, et al., “OFDM and its wireless
applications: A survey,” IEEE Trans. Veh.
Technol., vol. 58, no. 4, pp. 1673-1694, May
2009.

M. M. and S. M.
“Performance of a predistorter based on Saleh
OFDM systems in HPA
nonlinearity,” in ICACT, pp. 148-152,
PyeongChang, Korea, Feb. 2012.

systems based on

“Design and

evaluation of

“Performance

Shammasi Safavi,

model for

Z A $ (Kyeongsoo Jang)

20174 2% FRoiska Ak
F3 (Z3p

20179 39~3A):
Hagast (Z3HAD

Ao TAEAIA,
A

[ORCID:0000-0002-4238-2196]

st

T & T (Heung-Gyoon Ryu)

1988 d~&AY : FHH e
st

2002 39~20049 24 E
e AFeAREAdT

—|—‘

Bx

A}

[e]
o> FA1EX] B5G/6G

a

<3

M

ol el fdEAl, FAls
2 AA Sl AlsaE
[ORCID:0000-0002-7368-9860]
1039

www.dbpia.co.kr



	SSB-WR-OFDM 시스템 설계와 HPA 비선형 환경에서의 성능 평가
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 시스템 모델
	Ⅲ. 시뮬레이션 결과 및 평가
	Ⅳ. 결론
	References


