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ABSTRACT

High PAPR (Peak-to-Average Power Ratio) characteristic causes some problems like system performance
degradation and OOB (Out-of-Band) power increasement under the HPA (High Power Amplifier) nonlinearity
condition. UFMC (Universal Filtered Multi-Carrier) and FBMC (Filter Bank Multi-Carrier) are regarded as
5G(Generation) candidate waveforms. In this paper, we evaluate and analyze performance of these systems with
DFT-s (Discrete Fourier Transform Spreading) technique under the nonlinear HPA environment. In this paper, we
describe OFDM (Orthogonal Frequency Division Multiplexing), UFMC, FBMC, DFT-s-OFDM, DFT-s-UFMC, and
DFT-s-FBMC system, and evaluate BER (Bit Error Rate) performance of these systems. As simulation results,
BER performance degradation by HPA nonlinearity of DFT-s-OFDM and DFT-s-UFMC is greatly overcome by
DFT spreading technique. However, BER performance degradation by HPA nonlinearity of DFT-s-FBMC system

is little overcome.
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Fig. 1. Block diagram of OFDM transmitter.
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Fig. 2. Block diagram of OFDM receiver.
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Condition AM-AM AM-PM
0 a, =1 a =0
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ay =1 az = 0.05

: B4 = 0.03 By = 0.01
ay =1 oy = 0.07

* B, = 0.04 Bg = 0.01
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HPA Nonlinearity
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Fig. 13. Characteristics of AM-AM and AM-PM
according to nonlinear HPA conditions.

V. AIZZ0|M ¥ 24

% %712 ¢5) MATLAB Simulink

B olgsle] 7t AlmEls At Aes Hrst

Ack AlEHeAS $1gk 7t debrle]= & 29} 2k

EE A2EE QAM HIFE 283l o AA Futk
Zale] JigE 64/l E FUs)c)

B o E=RAE I3 14X 23 124 olE2E

OFDM, DFT-s-OFDM, UFMC, DFT-s-UFMC,

E 2. AlEdeld 34
Table 2. Simulation parameters

Parameter Value

Modulation QAM
# of total subcarrier 64
# of used subcarrier 32

Phydyas prototype

. HO = 1
FﬂtgF?r Eghl\:g & HI = 09719
s H2 = 0.7071
H3 = 0235147
Filter for UFMC & Anen?:zzs}f"m B
DFT-s-UFMC Length = 10
# of sub-band in UFMC & 64/8

DFT-s-UFMC

420

FBMC, DFT-s-FBMC A|~l2] =41 AlE e} =41 A
55 7| HAedA Melslsdel &, A7) A2
o Wz wprlo 2 WRE g & o] AEE Al Y v
A3 HPAC 53} AFck o7]elA 7AW A=
& 79 Al A 9 23 Sag FHE
o] Flrt. o] Bip= AlTe] 7)o} $14F 54
72 ek B =Fellxs o] AR B4 |
$41 A5l HPA A3 dl=-5 #-8317] 918} %
A BagsE 279 $ ARE JeRd 5 ole
Phasor ¥%Hs 35|t Wst & 439 =7] A
HE AM-AM E43} AM-PM EA4S vehis A
@ A (5)ell Hd3ted, dH Alse] Z7)of bE &
B Al =79} S WiskE Ak o,
AxE 3 Azl AR 94 WskebE ke
3471 &, o] Phasor @< tH| EHaF 3R W
ot F oAl B =Rl A
AWGN(Additive White Gaussian Noise) g2 72
Balglom, 7+ A|2Hle] Al B 7| At oA
AlzAE]ste] dolel & Al

a3 149} 728 155 72} OFDM A|~E %
DFT-s-OFDM A|4®le] 413 2 ujAs 276042
Aes H71RE 7o)} 7 Al2E] B HPA BIAEA
o] Z71E A|2Ele Aso] HAHow dstE=
25 1&g = 9lvk 12v} OFDM Al 1]413
Z710] 714 7}k Condition 49 = SNR 10dBolA]
107°2] BER A%& z+= whi, DFT-s-OFDM
A|2~E-8- SNR 10dBel#] 410 2] BER A%5-S 2+
= & 1% = 3ltk &, DFT spreading 7]l
#1-8d 7-%- PAPR] #|31¥]o] HPA ®|A1d 54l

o

<

w
X

10

BER

==3ff= OFDM - Linear condition

107 —— OFDM - HPA nonlinearity 1
QOFDM - HPA nonlinearity 2
OFDM - HPA nonlinearity 3

57— OFDM - HPA nonlinearity 4 [~
i I I I I

0 1 2 3 4 5 6 7 8 9 10

E,MN, (¢B)

a2l 14. w)Ad3 =7l i3k OFDM A|2:®l¢] BER

Fig. 14. BER performance of OFDM system according to
nonlinear HPA conditions.

www.dbpia.co.kr



k7 o 4] DFT Spreading 714} SAlt] FHH27]%2] BER A vlae} H7}

BER

—3¥— DFTsOFDM - Linear condition

5

107 }{ === DFTSOFDM - HPA nonlinearity 1
DFTsOFDM - HPA nonlinearity 2
DFTsSOFDM - HPA nonlinearity 3

=57~ DFTsOFDM - HPA nonlinearity 4

10° T T T T T T
0 1 2 3 4 5 3 7 8 9 10

E,/MN, (dB)

a8 15, vy
e

Fig. 15. BER performance of DFT-s-OFDM system
according to nonlinear HPA conditions.

Z7¢]] )3k DFT-s-OFDM A]2~#l¢] BER

gk 7FelAde] S i-}° 18 4= g)rk

a8 169 23 17 2P URMC Alzd) 2
DFT-s-UFMC A|=8]¢] % 1, ) w3 27460149
55 71’ Aolck 7 Al2-Hl B5 HPA vAHA
o] Z713E Also] Ao r d3tEE= 7l 5
ol 4 glek 22l URMC Al2sle nialy 22de]
713 738+ Condition 4 w] SNR 10dBol|4] 31077

9] BER 455 Z-= ¥bd, DFT-s-UFMC A]2~El&
SNR 10dBell4] 4x 10 °¢] BER 452 2= RS
3kalal 4= qlr}. &, DFT spreading 7|9o] &85 7
- PAPRO| X%Z}EM HPA w3 SAdel gt 7l

o] sEIc),
o3 183 ¥ 191‘1: —,7-. FBMC A]~El 2

DFT-s-FBMC A|2=gle] A8 o2 n]4d3d Z7dof4e]

BER

=== UFMC - Linear condition
107 L{ === UFMC - HPA nonlinearity
UFMC - HPA nonlinearity
UFMC - HPA nonlinearity 3 [
—R7— UFMC - HPA nenlinearity 4 |

10% T T T T T
0 1 2 3 4 5 6 7 8 9 10

Ey/MN, (4B)

T2l 16. wAd¥ 271 gk URMC Al~%le] BER 4%
Fig. 16. BER performance of UFMC system according to
nonlinear HPA conditions.
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Fig. 17. BER performance of DFT-s-UFMC system
according to nonlinear HPA conditions.
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Fig. 19. BER performance of DFT-s-FBMC system
according to nonlinear HPA conditions.
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