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ABSTRACT

In this paper, Discrete Fourier Transform spreading Single Side Band Windowing and
Restructuring-OFDM(DFT spreading SSB WR-OFDM) system using DFT spreading SSB method and WR-OFDM
system simultaneously is constructed and evaluated its performance. In order to transmit the number of bits to be
transmitted more than the OFDM method in which SSB symbols are transmitted by applying the existing DFT
operation, (2N-2) -point DFT operation is applied to generate an SSB symbol. The BER (Bit Error Rate)
performance and the spectral efficiency of the DFT spreading SSB WR-OFDM system using 4-PAM, 8-PAM,
16-PAM are almost same conventional 16-QAM, 64-QAM, and 256-QAM system. DFT spreading SSB
WR-OFDM system exhibits an out-of-band(OOB) power characteristic that is about 27 dB lower than that of the

conventional OFDM system.
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Table 1. Simulation conditions

Parameters Value
Modulation 4-PAM, 8-PAM, 16-PAM
FFT size 128
Window Hanning
Window length 16
CP length 32
Channel tap 1, 2, 3, = 32)
Channel AWGN, Rayleigh

2037

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’18-12 Vol.43 No.12

Bit errar probability curve

= = DFT spreading S5B WR-OFDM(4-PAM)
- = DFT spreading S58 WR-OFDM(8-PAM)
= ¥ = DFT spreading SSB WR-OFDM{16-PAM)
= = theory(16-CLAM)

- = theory(G4-CLAM)

= 3 = theory(256-QAM)

BER

103 F ‘ ‘

===
e
G

10

0 5 10 15 20 25 30
EbNo

T2l 12. DFT 2MF SSB WR-OFDM A|2:#l¢] BER 4%

Fig. 12. BER performance of DFT spreading SSB

WR-OFDM system

DBER performance of DFT spreading SSB WR-OFDM using 4-PAM
10 T T T T T B

107"

102 F

—}— simulation (Tap:1)
—— simulation (Tap:2)
—— simulation (Tap:3)
—— Simulation (Tap:4)
—¢— Simulation (Tap:5)
—H&— Simulation (Tap:6)
1074 Simulation (Tap:7)
Simulation (Tap:&)
Simulation (Tap:3)
—E>— simulation (Tap:32)
Theory (16-QAM)

0 5 10 15 20 25 30 35 40
EbNO[GB]

BER

10

J2 13. 9542 Hold Adelde) DFT 24k w3
s3] WR-OFDM A|2=81¢|] BER 3%

Fig. 13. BER performance of DFT spreading SSB
WR-OFDM system in Rayleigh fading channel

OFDM A|2~El9] 7-$¢- Cp2] Ho|7} 3291 7%, A
o|x] 7 ZA]ed0] 3241 t}E7d A6l BER A%
o] o3} glo] & AL 4= 9lA siErh 7L D
) chelZiald] WR-OFDM A ~®le] 74 4241
7|14 CPE &§3le] dlole]e] Hxr} o] FoiA=
l, ZAEX|Ae] 23] CPe] dHlo[e|r}t dlSo] How
restructuring Aol ¢l dlo|ElE 7R HE3}HA|
Fc}, ufebr] AAde] F2A|9del we} DFT 24k ©hd
Zu)|2}3] WR-OFDM A]~El-&- BER A%5o] 2l
A ek 18] 1308 v]Ro] Hoks uf, Ade] A=
2|edo] 491 #H$- 712 BER Aso] A3lwA] ot
7|E0] o] 23kt Fdt A HolAuL, 1 o] o]
== 75 %121 BER Ase] d3l=e] CPY] Ho|w&

3

2038

Ade] 7g2A|de] dofytk-S |, error floor #Ao]
HgsA ok o] & Esll, DFT it el Suls]
WR-OFDM A28l tlE4 2 so]d] Adel|4 Cp
Zo|wtge] Az x|eds Ar)x] Fahe= wh3le] 9lch
w3k o5 wetkslr] 93k oI o] FaAde] 9lck

a9 145 oA R do|d AdellA DFT 4 =
olZu)|5}3] WR-OFDM A|~#l¢] 7+ Wiz BER A
% veils a3elth a7 13404 #ld 4 3l%
o], AZA|de] 48] H57HA= AWGN Adellx]2}
TR R 2 o] 233 AR BER Ao Hol=
S gld 4 gl

I3 15% 7]Z2] OFDM A|~El¥} DFT
J=tu}3 WR-OFDM X|~Ele] 00B ¥
Hlwgk 13o|t} DFT 24kS- £3lo] SSB
OFDM A|2~glo]] #-85lod DFT 4t wel S}
WR-OFDM A|2ElS- T2, S 02 o
9Jwl SSB WAl B3l ~dERle] Hulo g Fol=
RS 19 150014 zlelE 5= ik o] o]
, SSBHMAS- A-g3le] OFDM A|~®l& 13slsd
A9k, 7]£9] OFDM Al2~®l#} 53k 72| Hakg
5 ARGl o o] Ajolr} gl7] wiiio]
o} WRHFA 9] =9 x9-9] Zo]7} CPe| Zo|
of dgke W] wiitell, 1 F 7P 7] 9] Aol
ol CP Aute] Aol 165 A3} w3l =9 3k
= Hanning 9=9-5 AM3L 23 15904 geldd
T 90| 7122 OFDM Al~Hle]| H]3] DFT &4k
thel =513 WR-OFDM A|2El-& QOB #2o] <k
27dB U2 g35 Holtt

i
27
o o e

i
o
4 o_LL

o

e o

BEDR performance of DFT spreading SSB WR-OFDM in Rayleigh channe
10 T T T T T T

107"
102 F
fid
L
m
102
DFT spreading SSE WR-OFDM{4-PAM)
. DFT spreading SSE WR-OFDM(3-PAM) >
o DFT spreading SSB WR-OFDM{16-PAM) -
theory(16-QAM)
——— theory(64-QAM)
. | ——theory(256-0aM)
10°

0 5 10 15 20 25 30 35 40
EbNO[dB]

32 14, 4 w4 DFT it 25091 WR-OFDM
A5l BER A

Fig. 14. BER performance of DFT spreading SSB
WR-OFDM system for each modulation

www.dbpia.co.kr



=1/ Multi-level PAM ¥ %25 Al-4-3}= DFT 4} ©l=d)9}3] WR-OFDM A A9 A5 H7t

Transmit spectrum OFDM 'Eransmit spectrum DF T spreading S5B WR-OFDM

mek WWWWWW\
; M‘ |

5 0 5 10 i -10 5 0
frequency, MHz 27dB frequency, MHz

o

power spectral donsity
b A b Kk A
5 8 8 3
IS
3

3
3

3
3

o
5

T2 15, 00B ¥ 54 HAUDFT 3t SdSo=y
WR-OFDM A|2=Elo] $1%$- Zol7} 163l 796l 25dB
< 00B AY S4& H9)

Fig. 15. Comparison of OOB characteristics (DFT
spreading SSB  WR-OFDM has 25dB lower OOB at
window length 16)

& 2, 3, 4= A7Isk= DFT &b SlSdialsd
WR-OFDM A|2=®le] ~#HEH F8-5 ARG 3iol
t}. AlEgo] el AM8-E FFT size: 1280| .2 WX
A 2 717t 4 PAMBZE 3.96 bits/s/Hz, 8-PAM
WZE 5.95 bits/s/Hz, 16-PAM¥F= 7.93 bits/s/Hz
2 Jehdr) o] 2 FFT sizeS 10242 AFE3HA] =4,
DFT 2wl Soiuddol 49 4-PAM WZ= 7]E
9] 16-QAMW 29} 79| Fdgt ~HER a8 W
I, 8-PAM-S 64-QAM, 16-PAM- 256-QAM} 7
o] fAREE 2 ER G585 Zher) wel ol a3
11elA 9k &1 4= glTe] uk2- ddle] MAEE A}
g3lo] AlEE PAF DFT b wlSdisly

¥ 2. ~HEY T8(4-PAM HEE AE7 A9
Table 2. Spectral efficiency(using 4-PAM modulation)
Modulation Nurnber. of S[.)e.ctral
subcarriers efficiency
2N—2) X2
N (222
DFT spreading
SSB WR-OFDM 64 3.93 bits/s/Hz
(4-PAM) 128 3.96 bits/s/Hz
1024 3.99 bits/s/Hz

E 3. ~9EF FE(8-PAM HIE A3 49
Table 3. Spectral efficiency(using 8-PAM modulation)

Modulation Number. of S[.)e.ctral

subcarriers efficiency
2N—2) %3
N (23

DFT spreading

SSB WR-OFDM 64 5.90 bits/s/Hz
(8-PAM) 128 5.95 bits/s/Hz
1024 5.99 bits/s/Hz

E 4. 2~29EY FH(16-PAM HEE A8 749
Table 4. Spectral efficiency(using 16-PAM modulation)

Modulation Number' of S[')e'ctral

subcarriers efficiency
2N—2) x4
. (eV=5)x)

DFT spreading

SSB WR-OFDM 64 7.87 bits/s/Hz
(16-PAM) 128 7.93 bits/s/Hz
1024 7.99 bits/s/Hz

WR-OFDM A|2El& 7|E2] OFDM A2 Elof|A =
WS Algsle] A18-S 78 Al 2wl A
FUg A Wik

Lo o

v.E e

B =ol|A+= DFT <4ke] AAs o83} SSB
HAlS OFDM Al2-®lol] #-838l= 77 54l WR
WAS AHgsle]  DFT #MbF wlSdias
WR-OFDM A|xHle] A58 righe}. 7189 2u
3= =] (2N-2)-point DFT A4RS #-&3}o]
SSB A2 wkEolJith DFT 24 whel=u)s}y
WR-OFDM A]2:El9] BERA 5 4-PAMHIEE A}
431918 ), 7129 16-QAM A]~Hl3} 543 BER
e Hepdc AL AR slold A el
= 71 OFDM A|=HIX¥ CPo| Heo|vtd H=
Alade] doviA =ltjlm sal7]olA Adst Bxr)
oJojil= Hb, DFT &4} whl=t)jsls] WR-OFDM
Al 2El2 A2 R]|9do] 4 o]l 7ol wh Al el A
Ex7} 7kl wekd o R dleld AldellA]
BER 3}ainfe] =S Holw, o] & Bekslr| 913k
A2 A Y] A7) deA dok 8l 8-PAM
HEE ARSEE v 7189 64-QAMS} 2 A
55, 8]3 16-PAMHERES ARgElele w:=
256-QAMH z2} Fl3F BER 455 Wil DFT %
4} whel =913 WR-OFDM A|Z~8-2- Hanning $1%
5 ARl AR ZHolE 1622 39S u), 7|&
2] OFDM A]2=®l®r} 2F 27dB 22 O0OB %13 54
< H<lck DFT #4F ©lZd)sk8 WR-OFDM A~
glo] ~elER 582 yukdbule] Ji4E 10247 A}
3= A%, 7 4-PAM WHEE 3.99 bits/s/Hz,
8-PAM ™ Z1= 5.99 bits/s/Hz, 16-PAM HZEE 7.99
bits/s/Hz8] 2~ =8 F8-3 Jepfich wlebs] DFT
ik whl=d|uld] WR-OFDM A2l Al=@nt
olFolzl & e wWxE A3l 7]E9

2039

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’18-12 Vol.43 No.12

OFDM A|Z~Hloj| 4] =& #H o] vz
TFAE A 2EHT Zdsk A

OE

T} E Ao, 7]&2] OFDM A|~#lEr} L& 00B A

olo mlo 1

(1]

(2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

2040

o 54 woln] AL £ glo] V=
gl 5 9lomy Fuls 2}9lL-
CRERPAPRZ ISR

agdow At

References

F. Schaich and T. Wild, “Waveform
contenders for 5G—OFDM vs. FBMC vs.
UFMC,” 2014 ISCCSP, pp. 457-460, May
2014.

U. Kumar, et al., “A waveform for 5G: Guard
DFT-s-OFDM,” 2015 I[EEE GC
Wkshps, San Diego, CA, USA, Dec. 2015.
M. Umehira, et al.,, “Performance evaluation
of SSB transmission of DFTs-OFDM using
multi-level BPSK through nonlinear HPA,”
IEEE VTC Spring, pp. 1-5, Glasgow, 2015.
C. An, J. Lee, K. S. Jang, and H.-G. Ryu,
“Design of improved DFT-s-SSB-OFDM and
spectral efficiency in multiuser environment,”
J. KIEES, vol. 29, no. 3, pp. 192-199, Mar.
2018.

B. Kim and H.-G. Ryu,
performance evaluation of  improved
DFT-s-SSB OFDM,” J. KICS, vol. 42, no. 11,
pp. 2086-2092. Nov. 2017.

F. Schaich,

transmission

interval

“Design and

“Filterbank based multi carrier
(FBMC) —evolving OFDM:
FBMC in the context of WiMAX,” 2010 Eur.
IEEE Wireless Conf., pp. 1051-1058, Apr.
2010.
R. Zayani, et al., “WOLA-OFDM: a potential
candidate for asynchronous 5G,” 2016 IEEE
Globecom Workshops, Washington, DC, USA,
Dec. 2016.
M. Mukherjee, et al., “Reduced out-of-band
radiation-based filter optimization for UFMC
systems in 5G,” 2015 I[EEE Veh. Technol.
Conf., 2015.
C. An, B. Kim, and H.-G. Ryu, “WR-OFDM
system and OOB spectrum comparison,”
2017 IEEE ICUFN, pp. 373-377, Jul. 2017.

0| & 7 (Jungu Lee)

20179 29 : FEdst Az}
D

2017 3U~A 5
Axpgstt Aty

<Aool FAFAIAI2H, 2}
Al SAIA 22

oyt

T & T (Heung-Gyoon Ryu)

19881 2U~3A) : FEE
AAg-ss wg

2002 39~2004d 24 FE

Sfela e AT
2= 2%

<R FAEAL SG/BSG
IEEAL ANEA, B

=2 A 4 OBJXM

www.dbpia.co.kr



	Multi-level PAM 변조를 사용하는 DFT 확산 단일측대파형 WR-OFDM 시스템의 성능 평가
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 본론
	Ⅲ. 시뮬레이션 결과
	Ⅳ. 결론
	References


