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Improved pulse shaping for PAPR reduction of OFDM signal

FENG Zhuo-ming, LIU Wei-zhong, TAO Xiong-fei, LUO Bai-yun
(School of Optical and Electronic I nformation, Huazhong U niversity of Science and Technology, Wuhan 430074, China)

Abstract: An improved Nyquist pulse was presented. The proposed pulse waveform can significantly reduce the PAPR
and keep the system BER invariant at the same time, but at the expense of a little spectrum loss. Simulation results show
that the proposed shaping pulse can get better performance of PAPR compared to traditional raised cosine pulse and
flipped-exponential pulse. It is an effective method with low complexity to reduced the PAPR of OFDM signal by pulse
shapping with the proposed nyquist pulse.

Key words: OFDM; pulse shaping; PAPR; BER

[8~10]
1
OFDM PS
OFDM 4G
(4 PAPR  OFDM OFDM PAPR
PAPR 2 PS PAPR
PTS SLM IFFT
PAPR
(SLM)
(PTY (ACE) [7 PAPR
PAPR
Nyquist OFDM
PAPR BER
2011-06-27 2011-12-29
60902006 201050231051

Foundation Items: The National Natural Science Foundation of China (60902006); Chen Guang Project of Wuhan (201050231051)



12 OFDM PAPR - 155-
2.2 PS-OFDM PAPR
OFDM PAPR
2 PS-OFDM
2
)1 R = ma><{|><(t)2| } @)
: E{Ix(t) [}
PS OFDM
1 MPSK-OFDM E{x(t)|3 =1
OFDM
PAPR
_ 1 ! 4]
— i PAPR =~ max 36}0' P, () lE 3)
(3) PAPR max
pn(t) N
pn(®)
PAPR max PAPR [
N x(t) x®) L
UTs Ts  Nyquist Nyquist
T<TIN T OFDM L LN
N L>1
O~-T  OFDM x(t)
- Nee Ochiai
x(t)=Q X(n)p, )" 0< t< T (1) N
n=0
X(n) n fn n
fa=n/T  pn(t) T L
f, 2~4
OFDM 6l OFDM N
PS OFDM PAPR N OFDM
T p, (1)(n=012,L,N - 1) PAPR
4
T OFDM
1 Ap ()fdt=T
) 9 P, (1) | PAPR
2) Pa(t)=0, |t- T/2|>T/2
3 Pu(f-n/t”0) [f- B>B(1+ ‘oot . . j2p(nt,- .
) n( ) If | ( - B ) Rx (tlvtz) - é é E[X (n)X (m)] P, (tl) P, (tz)eﬂp( - mty) /T
Pn()  pn(®) Ts  Nyquist n=0 m=0
B=1/2Ts 4
4) (4) OFDM

.
OPn ()P, (D)t
0

1

3 3

1|
n(m,n =0,12,L_,N -1
0, n



- 156

33

p(t) » a Ce o<t T 7)
L=[Na]/2 N N L
[e] N+2L=2"( K=2" K
PS K N N 2
OFDM PAPR ) a C« p(t) Fourier
2.3 Nyquist
Slimane T K
< j2p—t
PAPR C.=—Qpt)e ™adt €)
OFDM ’
p(t) n
OFDM B g g
p.)=a Ce ! ©)
PAPRI® 4 f‘L
© )
N-1 o
- JZDTI
OFDM x(t)=a X(n)p,(t)e
n=0
PAPR O N+L 1 Zth ijEt
=a X(n) a C, e TeT
n=0 k=-L
ip,(1)=0,]t-T/2pT/2(n=012,L,N - 1) ! NHL-1 ke -tht
i _ 5 =a X(n) a Ce. !
§P.(f-n/T)y=0]f-1/(21,)>(@+b)/(2T,) a
N +L- 1@01 O sz s
Pa(f) Pn(t) =8 caxmce
B(O(B(l) k=-L @n=0 Q
N+L 1
Nyquist a Y(k)e T
|1 k=0 k=L
OFDM p(KT,) = = IFFT(Y) (10)
| ]
N-1 LS
PAPR Y()=8 X(nC,e ™ 1x (N+2L)
2 n=0
PAPR =%nga b, 012
gZ Y={Y(k)lk:011| 1N+2L_ 1}. pn,kzcnke_jzpnk/N, n=0,
8 %gmax alp,(t |— = (6) 1, N-1k=L,-L+1, N+L-1 = P={pny}
oo N x (N+2L)
®) Nyquist X={X(n),n=0,1,2, N-1}
Y P X Y =X-P
Nyquist 1x N 1x (N+2L)
Nyquist 2L/K
Nyquist 2
OFDM PAPR PAPR
Nyquist
PAPR OFDM 2
p)(n=0,1,2, ,N-1) OFDM
T Fourier PAPR OFDM

N+L1

BER



12 OFDM

PAPR - 157

it A Bl A

¥ (1)

—e BTN e RGRER = BIRAERGE

= {:\Tf::']}-'li = iR

2 Nyquist
ICI
PAPR
BER Nyquist
I1SI ICl
Nyquist
Nyquist PS
ISI Nyquist OFDM
Nyquist
Nyquist
Nyquist [y Nyquist
[12)
) L |fE B(-a)
p(y=} GUTI-(BQ-a),  BU-a)<Ifk B
i1- G((BA+a)- [f ), B<|fk B(l+a)
f 0, Bl+a)<|f |
(11)
G(f) G(0)=1
B(l-a)< |f|< B
B< | f
|< B(1+a)
G(f )=¢ Beaulieu
12)
iL|fE B(l-a)
P Jexp(b(B(l- a)-|f]),Bl-a)<fk B

=(1) {1- exp(b(| f |-B@+a))),B<|f K B(L+a)
foB@+a)< f|
(12)

a R=In2/(aB)

Beaulieu
“ Better-Than” Nyquist

OFDM

G(f) PS
PAPR
BER

PAPR
G(f)=1- arcsech( f )/(2aB?)

i1, | fk B(1- a)
I 1 w1 5
I1- —— _arcsecho——(B(Q+a)- | f]) <,
11 Gapg g (BAra) 11D

l B(l-a)</fk B

P(f)=i 1
i arcsech(——(| f |- B(1- a))),
I'2a Bg 22 B
: B<|fk B(l+a)
to, B(l+a)<[f|
(13)
rl}.:; I!,
0.8t t? kb
7t Il et T
s DBE
J&%— 05}
E at
3k
n2r
[P 8S
] . ..IEI-’I'-‘:"HT’I«%'EII'}??'F
i -0 -5 0] 13
/B
3
a g=In(/3+2)/(aB) B=12T
OFDM
PS
OFDM
Nyquist p(®)
Nyquist



. 158 33

QPSK-OFDM
BER 5
IS AWGN QPSK-OFDM BER
5 pa(t)
Nyquist BER
ICI = PAPR pe®)  pc() BER
pa(t)
4
AWGN
OFDM N=112 K=N+
2L=128 QPSK PAPR
BER
I
N
i1, fl< (1-a)B
T | | ( ) m-! =0 N3
T
=i +cosA f 1-a)B)v,
R.(f) =121 251l ¢ ))l% (14) s
T < ﬁ ]
; (1-a)B<|f|_ (1+a)B £
fo,  @ra)B<|t] ¢ |
— il | == AR SR )
a =0.33 3 3 1o I'ﬂ';”é?%g:fﬂilw |
4 pa(t) Better- == & \
Than( ) pB(t) pC(t) 1”_-“ 1 4 [ R 1 Ill
QPSK-OFDM PAPR [RIHLR
5 AWGN BER
(CCDF)
3 pa(t) 3
PAPR pe(t)  pc(t) OFDM PAPR
pa(t) OFDM
a=0.5 PAPR PAPR BER
BER AWGN
0.2dB  1dB BER
Nyquist pa(t) PAPR
10
= — BREE
& :ﬂﬁziﬂimlr _
= T G Nyquist PAPR
£ BER
£ pc(t) 2
Exd
H§ =5
E [ 6
o
# PAPR K=128 QPSK
=
IU‘-‘“ : - " ] 0.1~-0.6
' PAPRUAB - 0.6 0.8

4 PAPR



12 OFDM PAPR - 159-
!
= -—Iﬂﬁ(’ﬁ;}! PAPR ;
_~ ——a=1 — -
= B CCDF=10
a —— =113
I o 1.59% PAPR 6.94dB
£ W°f - PAPR  4.560B PS
3 - PAPR
%h%: -l g=058
ﬁ H=F 5
B
2
I ! Nyquist OFDM PAPR
Sl 2 f ; 10 12 BER
PAPRO/IB
6 .
Nyquist
7 PAPR OFDM PAPR
QPSK CCDF=10"2 K=128 N=96 104
112 PAPRO 4.15dB 5.01dB 5.89dB PAPR
25% 12.5% PAPR
1.74dB N
1
10"y
—— W [1] RICHARD V N, RAMJEE P. OFDM for Wireless M ultimedia Com-
: t = ?:;4. munications[M]. Norwood, MA: Artech House, 2001.
¢;f I :.T, [2] SEOK-JOONG H, HYUNG-SUK N, JONG-SEON N, et al. A mod-
1ot —r— N 120
—— N= 12 ified slm scheme with low complexity for PAPR reduction of OFDM

TR B S E L (P PAPR=PAPRG])

o

]
Lo b
L
=)

5 & 10 11 12
PAPRONE
7
1 PAPR (K=128)
N 1% PAPRO/dB

N=96 25 4.15
N=104 18.75 5.01
N=112 12.5 5.89
N=116 9.38 6.25
N=120 6.25 6.73
N=124 3.13 6.88
N=126 1.59 6.94

(3

(4

(5l

(el

(1

(8l

[

systems[J]. | EEE Transactions on Broadcasting. 2007, 53(4): 804-808.
YUE X, XIA L, QING S W, et al. A class of low complexity PTS
techniques for PAPR reduction in OFDM systems[J]. Signal
Processing Letters, | EEE, 2007, 14(10): 680-683.

YANG Z. ACE with frame interleaving scheme to reduce peak-to-
average power ratio in OFDM systems[J]. |IEEE Transactions on
Broadcasting, 2005, 51(4): 571-575.

JANG T, ZHU G X, ZHENG J B. Block coding scheme for reducing
PAPR in OFDM systems with large number of subcarriers[J]. Journal
of Electronics, 2004, 21(6): 482-489.

SLIMANE S B. Peak-to-average power ratio reduction of OFDM
signals using broadband pulse sheping[A]. IEEE VTCI[C]. Birmingham,
UK, 2002.889-893.

ZHANG C. Peak-to-average power ratio reduction in OFDM system
usingnyquist pulse shaping technique[A]. MAPE 2005[C]. Beijing,
China, 2005.1522-1525.

TAO J, WEIDONG X, RICHARDSON P C, et al. On the nonlinear
companding transform for reduction in PAPR of MCM signals[J]. Wire-
less Communications, |EEE Transactions on, 2007, 6(6): 2017-2021.

DENG S K, LIN M C. Recursive clipping and filtering with bounded



33

(10

[11]

[12]

[13]

distortion for PAPR reduction[J]. Communications, |[EEE Transactions
on, 2007, 55(1): 227-230.

HEE H S, LEE H J. An overview of peak-to-average power ratio
reduction techniques for multicarrier transmission[J]. |IEEE Wireless
Communications, 2005, 12(2): 56-65.

ALEXANDRU N D, BALAN A L. ISI-free pulses produced by im-
proved Nyquist filter with piece-wise linear characteristic[J]. Elec-
tronics Letters, 2011, 47(4): 1-3.

ALEXANDRU N D. A family of improved nyquist pulses[J]. |EEE
Acm T Network, 2004,8(2):87-89.

ONOFREI L A, ALEXANDRU N D. An investigation of the im-
proved nyquist pulses families for OFDM Use[J]. IEEE Acm T Net-
work, 2007, 32(2): 1-4.

1970-

OFDM

1972-

1975-

1971-



	201212_è�25

