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The Effect of Clipping on the Spectrum and BER of IFDMA
Signal with Pulse Shaping
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ABSTRACT

The SC-FDMAC(single carrier-frequency division multiple access) was recently adopted as the uplink multiple
access scheme from 3GPP LTE(3rd Generation Partnership Project Long Term Evolution) due to its low PAPR
(peak-to-averaged power ratio). The bandwidth of IFDMA(interleaved FDMA), one of the sub-carrier mapping
methods of SC-FDMA, gets narrower as the roll-off factor of RRC(root raised cosine) filter decreases from 1 to
0, whereas its PAPR can increase significantly. In practice, to increase the power efficiency of an amplifier,
signals with high PAPR undergo the process of clipping. Clipping of signals may cause regeneration of
high-frequency components as well as distortion of signals. The current paper deals with the effect of clipping
on the spectrum and BER of IFDMA signals with RRC filters.

I.M E x4 Bx3lnE y& g 52 fdZage] 9

 oAE ASAzEle] M3kl Aem el

A3 R3] orthogonal frequency division Qe B OFDM2- e APdS AR HEA
multiplexing; OFDM)+ ©|4F F2]ol| W3k (discrete o o] 8 (peak-to-averaged power ratio;
Fourier transform; DFT)o|v} 1< 3F2]o]] W 3l(fast PAPR)7} =& whilo] gt} o]& <lsdle] TWTA
Fourier transform; FFT)< o]&3}e] AlSHE]S W (traveling wave tube amplifier)s3} > 2EH

¥ o] =i kst AfaAl| sheeda]yd)el osle] ATE RS
* Wabeshal A B AISTE] e ARA| o541 174 (kimjg @pusan.ac.kr)
FArH 3 D KICS2009-08-341, =} 120091 84 104, FHE=4<d 2009 119 5

1106

www.dbpia.co.kr



=1 93335 IFDMA A 5ol|A Z']go] A% e} BER| »|A]+& 3%

FH191 P ) Sfgiel it 2 A
g 5 glen %19 AREEE s} AP,
OFDM2] \% PAPRS Z°]7] fl3te] &4 &
& A7} o] FoIA| 1 glom, el 3GPP LTE2]
A} L\'—Hﬂ(up link) %z‘j/\ H]—/x]__i = H]-A:J]_
T 238 tlE3ksingle carrier-frequency division
multiple access; SC-FDMA)7} iHE—H.E]?\}D]—.B]
SC-FDMA®] ukea} wjsgujr] o 2= IFDMA
(interleaved FDMA) HF213} LFDMA(localized FDMA)
uhalo] ¢Jrk™ JFDMA 1._6_4 w|suAle. L FDMA
Fakga)l visukA] w2 PAPRS 7HAIth o
HEow Eal *Ii%ﬂ"ﬂﬁt Aol ek 7k
= Zol7] $Iste] Wil o] A=WAKout of band
power radiation)E 973] A|gsla glom, Algks
o o AHuAE wk=A7]7] s RS
ezt dnbd o g nlEA]3 oulr|E x-ﬂJ-J A}
%3 oJu}7|(root raised cosine filter; RRC filter)
5 AHEslch #1334 ¥%l SC-FDMA®| IFDMA 4l
32 749 RRC 37|19 E9Z Al<(roll-off
factor)7} 0°ll4] 12 Z7lgdoll ulg} Aj7ked el
HAside lobe)idH-2] =7]7} FrA=|e] PAPRe| 7+
2ogieh o]ell wisle] LFDMA®] -9, Fuakss} of
Fagela] olv] e PAPRe] MMsle] w14
el Bem AGE 0o 12 FHIA B
AHe] =715 Zo|tjzke PAPRS F7| W3} 54|
=th[4] AAl Al=delxs S57]e] A3
HHEE8S 93l & PAPR HT;]' o AFE=H
£A AlgksolAel Gl webd & PAPRS 7
A AsE 2700 85 A 5 @ ol
Z2]¥(clipping) FHolok 3k F2HL Also o
I& 7P E R 27X S(error performance) *3}
5 29 & & glow, w3k Fe|Fo=E Qi 4%
o] FAF Wike 3 9 AES BAXA ddF
o] Z7F= o] & & ol wehA] & w=ellAe
9134 % SC-FDMA<2| IFDMA AlZox Eo=
A5 Fhell whE PAPR HWislel tiod 4 2 2]

o] 2 Ex]y} BER(bit error rate)ol] PIX]&= ok

N2

3

=] A o Rl wiA] A Eef o]
#A3% IFDMA A132] A4S &

ELa]on] /\:HEEJJ,]. BER°ﬂ ;2]
= G%E BAEh e R 4dolx] HAES 9

II. IEASE IFDMA 4S9l N

2.1 SC-FDMA
3GPP  LTE®| A¥a  ogAs  7ledd
SC-FDMA: 7|24 °2 OFDM7|%¢ Wiz w

flllo

A3t fAlsht Alskel AA2lshge) DFT w5

5o
H71Rke my] SAlntoa] =& PAPR S FH4
3pale] whte] AHARE Zole AHES A

1—/}'[5-6]

% 12 SC-FDMAZS] $A17)e} $Al7]19] -
£ vEhglth 3714 AzE dde] dlole] 4l
& OFDMA =E& E33)7] Aol DFTJJijQ %
3J3}7] witell SC-FDMA+= DFT-spread OFDMA
He|7|= gt 2¥ellA CPE cyclic prefix, PS
I} A ¥ (pulse shaping)& 217 2Jvi3ct. 12
3l dlele] {z,}& PSK i QAMAISZ v
7 AS ofnlgke) N7We] A2 SC-FDMAZ2]
N-point DFTHt} o] el 13 el tht
Ryl oﬂoﬂ /‘]1"] X7]— uL21 X]E], \:}%_Oi
ARk s A X = 22 MY Al
el v Foh of7)4 N2 AlHe] 45 2Jns)
W, M A|=gle] yukeste] AeE onightl -
nkesl wf S gk X OFDMAA|2El
FAIA AaL pRkSlel] oJsle] wWxww 2w
ity My A ka0 slede o)

SC-FDMA®lIA] AR&2t qeoll ez sl™ dle]e]
{#7} & N-point DFTE a3 ZAzke chost
Zr},

BN

H-Lu
il

o, R orlr hu

—(N

0

&

2T

Nl
X\ 0=Y 20 TN (D

n=0

SC-FDMAY ksl wjs] w}ale]]  ule}
IFDMA®} LFDMAZ uroizlth DFTE A&
X9Z IFDMA ukss) v)) wge Saa Fu)

N-point Subcarrier M-point Add CP DAC
(=} mapper IDFT 1 Ps 1 RF

(%} &) [}

<Transmitter> Channel

N-point De subcarrier M-point Remove RF
Detection IDFT mapper || DFT [ | o [ | raDc

[I—

[I—

<Receiver>

2| 1. SC-FDMAZ®| %

1107

www.dbpia.co.kr



FEAlSEE]) =] °09-11 Vol. 34 No. 11

% o] 4TS x0, LFDMA 7A%2 x1 e}
s xpeh x) = A7 vt o] vehd 5
et

— (q) _
Xi= {X" ~ Ko e
0, otherwise

o [X0=x9 . m=k+Ng
XLm . (3)
0, otherwise

Al @3 AB)elH m(m=0,1,-, M—1) ¥
Eeske] Aglelm g(g=0,1,, Q—1)> AHgA}
Aglele}, ok 282 iﬂr«l 4 NoJ 16°]
, ARSAR] S Q7F 4ol A AREARY AMSRE
S kRS = Mol 49l 739-2] IFDMAS}
LFDMA=®] vl wh-& weisa gl

oJubd o 2 [FDMA Tulwﬂr wjsJukAle- LFD
Fukgs) ek Brh U PAPRS 7Pt
ARl gk S @171 flete] A
IFDMA A13°] 7% RRC ©J5}7]9] Z9.2 74]-1—7]—
14 0% Zhaglel] 2 thoFe Fopx|A|RE A
Zkddells H-d(side lobe)’dE2] =717F F7F= o
PAPRe] =] Z7}& 4= gt} o]dl] ulksle] LFDMA
o] 7%, waksal A elA o]m] &2 PAPR
o] WAl IA Y IpAox] Fox Ao W
sl w2 PAPRO| Wsh= vlvjsict wlela 2
oA+ IFDMA %t t}37| & 3ith

» & lo

r*f‘ r2§

- User 1
< User 2
D User 3

J -

S 6 7 & 9 1011 1213 14 15 Index

1 3

Q 2
<IFDMA>
L4 sas e
{[[ [ Subcarrier
012 3

4 5 6 7 8 9 1011 12 13 14 15 Index

<LFDMA=>

12| 2. SC-FDMA®| Hulss} 3o

2.2 Tf3XS= IFDMA Al2| PAPR

IFDMA WAe=® ksl wisgsl 7|
SC-FDMA 4139 7% PAPRo| ¢o|2d o= 09
e 7RIk SRRk dld AlgkE AdE Bk

slele] S olsirl HE Alse] AHES

1108

7o) s %-}t RRC 5}7|7} d}d4s o
7|2 ] AREE ik

RRC ofsirle] i dole] Akt Hyp(f)
= e 2e] m=R
VT. = 1;,;”
Hypof) = aT( . 1—a 1+0
enc ﬁm[i( - nﬂ’ (4)
0, ofhuuzse

o714 T A ZHEE Qe avw BT
AR 0<a <12 32 7l RRC ¢j3p7]
= a7t 04 W WY o] HFuAPL R AL o

b Skl w2t i o AL St
ZadedFo] F7} A "k AT ] el 0
02 7I7FA4E H(side lobe)o] FAZItk

Z FEEE FAleA ZEs A7 ealE
dste] Al 7F 4o oJEkS A vkS Wl of
Yet s3Ay s st 3o AHgalse] A
AHo] Z7kE 4 gk RRC up)E E3
IFDMAS] AlE z(t) & thes} o] %3F &
ik

s A

M1

z(t) :ejw‘tz z,hppc(t—mT) (5)

m=0

AN wae Azdel FA Fokrold 1,&
IFDMA - ]‘—6—4 g Aot T2]al hppo(t)
+ RRC o3p7]9] sld gwfolrt. A$AT x(t)
—4 PAPR2 th3} o] Ae|gie}.
_ peak power of z(t)
PAPR= average power of x (t) (6)

T8 3 yukEae] = M2 256, Al N
< 64, AH&AE = Q& 4 °]v] QPSK Wxzha 7}
AYPE W o] W3l uwlE IFDMAAISS] PAPR
= HEigleh olst i =e] AlEHe ek =
2] 7HE wRErk

PAPR ko] 54 PAPRO Hﬂ‘r 2 #E°] 01%
(Pr{PAPR > PAPR)}=10-3)3] 7-% IFDMAE «
7F 00l 12 S7Hel wiet PAPRO] Folerh
°]72 RRC ofs}7]¢] sdx &5 SA4o] a7t 0

www.dbpia.co.kr



=3/ 9343 IFDMA A5x4 Ze|ge] AdE

N PAPR of IFDMA with RRG filter

===

LA

2t
3]
L

!

8T
I

FIPAPRSPAPA,)
E

IS R EEETE S

e
9/6
/

1 2 3 a 5 3 7 8 9 10
PAPR[B]

3% 3. RRC I77]9] ael] u}& IFDMA 415°] PAPR

oA 12 271kl whe Azbedelel] HaiRge
27k ks wielet. w2 a7k 0ol 1%
Z7lgkel we} 2E7)e] AHFE-E FAE)

2.3 IFYEYSE IFDMA AZo| AHEY

oo o 11—
gus

5)%) 3
[e)

ﬂ

J3%l [FDMA 4l39 ~#HEZ] ths}o]
sty 9ste] e 9] AmkAb FAOL. 2z
slelc)t. o] 9] AP} 30dBE W=
8 HYEFE qol w2 IFDMA Alse] ~#HERS
2 AlEeldS E3le] ARkslgich ¥ 4=
gl ¢ WA} 30dBE WS 48 dldE
< agtel wet vlask A otk

g Alse] JAFL qzke] 044 12 5715
o wiet tiod o AHuAprt Frtsle] -30dBE ®t
Zohe el Fo] S0 0 = of Lgw) %
7} 3k Ze & 5 odvk o7IA Te Al 7140
o} IFDMA Al3+= RRC 3719 @S 24
3lo PAPRS E9°2X) $F7]9] 888 f%“‘ A
A 5 sl a2 kel W W o A
= 7 AA ~FERe] ase Askd AD}

1'>

rml

.E

Sa|=o| ABEZD BERY 0Kl A

o

3.1 Eclg

Al5e] PAPRO] 2 A% A% FE7le] Y%
8 s Yokl 5 slth wieb] e PAPRS:
7 e S el A5 & el
2 Ak 2o U o FeURe A5
4o 54 QAN 91 ol Aelel 25
o AHEEE T 5 Q= APgeleh ke 4]

IFDIA

T~
o R

I

i

g 4
<
kR
5
% \\
<
E'? \\\\ /1“:0
3
et o0 |
. Ae e W

o

70

a 05 1 15 2 25 3 38 4
Normalized band width

3% 4. RRC 3317]9] ol w2 -30dB Z vlw

= 49 zell Hal A HFAY AR e 2

2 3)ze] SAole),

—A, r< —A
y—{ z, —A<z< A (7)
A, A< x

SAE ol2f3t Alze] F2el Qs Ase] =

& 2k Aol thl WAS] HelEe 7} A
2 % glov], mi 459 shFoz sl 957}
W g 5 oleh Wb AsE AR S50
AR el QAR dlelF a8 oYy
W 2E7)e] AYEES Telslel 44 ags)
2ol Ak Adsleloic

3.2 22|Zo| AHE™M| o|x|l= P&
IFDMA A]iﬁ ELa]jJ z;u_— Lq] 1 A:HIEELJ
Hdi}%_’— Ze2]9 YAZHS 7dBYE 1dB7HA| 1dBH
A7 Z2ARILE 13 5+ o919 art 0
] o, = AR e ~HER]e] WIlE
EM“D‘r a™ellA x S A 74 Toll Wik A
T WS epdck Fe2l9 Algke] 7dBell
Al 1dBR Zaghell we} Alse] PAPRe] o] 3

oﬂxl

ol

7o) Eds 37h A4 4 A de 8] A
bt bk 30dBE WSS 48 ojdE

o] k= Ze o & 9lrh

oJ771¢] o<} ELEM Ak oﬂ w2 -30dBE W
Fahs Arshe A8 H9EE 3 1ol ehsich
oA dldZFo] A=A 2 AL AAFe] =
Zheltets 8 e Ee] Hﬂi}ﬂ olelgh etk
aE]a A o= B
Fa= Ayt FEjFe] ol %’4«% o Fo] o 4

www.dbpia.co.kr



FEAlSEE]) =] °09-11 Vol. 34 No. 11

IFDMA & = 0
0 \
5 -
. R
g L)
5 » \Lm._\__’ 2 .
= 408
E N 7<L/ A
ésa ﬁL\_\_ ‘\45:34%
i s ey
35
[s] . ﬁ‘-\_ﬁ
3 40 s _—
58 Fo ]
48
5, 7B
PN S R Nt tnai i N S
55

] 0.5 1 15 2 2.5 3
Normalized band width

a8 5. 2|3 YAkl w2 ~=lEZ Y] Wila=0)

0

E 1. 222 Age) ARl ulE -30dB A8 g%

NEAEEE N EERERE
[dB] [B/T] [dB] [B/T]

1 2.192 1 2.258

2 2.188 2 2.100

3 1.756 3 1.286

0 4 1.314 0.2 4 1.160
5 1.064 5 1.130

©0 1.064 00 1.130

1 2.532 1 2.820

2 1.406 2 1.474

4 .

0 3 1.314 06 3 1.416
©o 1.314 00 1.416

1 3.064 1 3.402

2 1.722 2 1.920

08 3 1.634 Lo 3 1.876
oo 1.643 00 1.876

o}3lg melEr) ol FelHoR wvigte} Abes
o syl A7 As7 27k wielch ael3
Ze dARe] MRS FelEe] B v
2= od3ke A zhislgch od3ir)e] a7 04
olAtel w] A%k 3dBE Ze|HE 4159 tFe
Ze]9 H7) e A5 B St Ae] B s

3.3 Clipping0| BERO| o|x|l= st

Felgo] /AT VA= S #AE] 9
st 229 YAIRES 7dBelA] 1dBE W3} A7)
Zzke] ol diste] 7R wAARE 3HA el A
IFDMA 2132 BERS ZAlsllt) SAlExle] &
F5H= BER 1042 9Eshs A5 o] 3hen]2 &
Ae] 7leew gdck 28 62 AFr]e] art 7
7k 0, 02, 14 of 229 SIARE wWE IFDMA

1110

IFDM AfoL=0)

—&— 1dB max clipping
—H8— 2d2 max clipping
—#— 8B mawx olipping
—%— 4B max clipping
—%— 5B max clipping
—%— 608 mawx olipping
7B max clipping

E]
E,, My[eB]

(@ a=0

o IFDA(0.=0.2)

3] —e— 1c8 max clipping
—H— 2B max olipping
-3 —#— 3B max clipping
-4 —%— 4cB max clipping
—%— 6B max clipping
—#— &8 max clipping
7B max clipping

| i i
0 2 4 6 E 10 12
E, /Nyl

b) aa=0.2

IFDM AfoL=1)

—=— 1B max clipping
—8— 2B max clipping
—#— 3cB max clipping
77777 —&— 4B max olipping
—%— BB max clipping
—%#— &cB max clipping
7B max clipping

www.dbpia.co.kr



=%/ 48435 IFDMA AlEdM Fejge] 2~ 23 BER VXl 43

Alz=dle] o7 eS HERiscL wi= Alage] 2ol weh A Fex A
azb 04w, 2= dAIZke] 7dBelA 1dBE 2 gkl AgElojxof ek olE 5ol W
el weh Al shFe] Folska olel wel  oJZ3l PAPRE & nlEoR sHYHS v 2oz

BER 10-4& w&Es)=
A 12.15dBE Z7}3-&

Az zHen]7l 9.8dBel|

HolFErl slAIgke] 7dBell
A 4dBE AFasly] 7Mle 25l Ashrt A
Hog AA dogA|Rt 4dB ol3lellA= & F9
s AsPE dolrs Helth 2|3 A3r]9] o
7} 0.28l 73% a7} 021 735l vla] A ARk
el °F 1.5dB2] BER AJ670AlS Helth o7&
a7} 022 uw] PAPRe] AthH o= =lo} Za]7d
o3t Al sige] AHA delwlr| wiielr) =gk
aZF 024 o Agke] Wl wlE BERe| W3}
= 0.1 o} A fARRE FAE HelFErh e
2 I8 62 (©)x= a7l 0244 12 WH3ltzle
BER®| W3}= m|n|3hs HojETh

vZ B
E =EoA= RRC Agzlel sl A=
IFDMA Z135 oi3}7]¢] qe°l wlE PAPRY WY
Z5 BNk mgk AlaEl 279 a7 ES
F5A1717] I8l APAEE F=¥ SIS d,
ZElgo] 29BN RG] vA= ¢S A

FE AlEHe IS Fake] EHskltk 2 A
RRC 913}71¢] a7} 004 12 Z7}3tel we} o)
ol #+4asled 0.1% PAPRO| 7.2dBelA 3.4dB=
Zasteleh Rt el met g o] AHuat
-30dBel3ls wWHehe Atk telE2 1.064l
A 1.867= F7Fskich

IFDMA 4l%ol| Z2]35 aasls o 2=

& wol ApF Ao ddSE SRk Bl

= ‘:H(:Elv 5
e osbzle] ark 03 olitela e ARk
°] 3dB o]l A-felle 2efde] thFel vix=

33 vlvlsglek

A719] a7b 0914 022 F7IEllE o Als
°] 27452 BER 1042 71502 oF 1.3dB &
ZFRAAIRE a7b 02 o1l Agells a7t F718t
om SfFAe 7o) WEkA] sk Alse] e
= TS W Aol 4dB o]l el
el vl 2 vivistiAIRt Alse] of
o] A’F IR 4dB olsel A= siAlgre] =}
APE 5ol Aides wo] Ask= gl

IFDMA AlZel] s Ae]& 9]k RRC oI}
719} PAPRS Zo|7] $18F F2lgo] ARg=e] A

}‘0 o,
o,

>

[e)

o 1k
!

c

A4 029} 22 QAZE 4487} W4T Aleo) =
Slek. wheba] Qrom AAl Azelelx] w]gA
A TR w AAR s Sl
defshs @7k Sabeleirol & Ao Ak

PN

Py
-
=
=
1

12 3

o2

R. O’ Neill and L. Lopes, “Performance of amplitude
limited multitone signals,” Proc. IEEE VIC’%4,
Stockholm, Sweden, pp. 1657-1679, Jun. 1994.

S. L. Miller and R. J. O’Dea, "Peak Power and
Bandwidth Efficient Linear Modulation,” IEEE
Trans. Commun., vol. 46, no. 12, pp. 1639-1648, Dec.
1998.

3rd Generation Partnership Project (3GPP); Technical
specification group radio access network; physical
aspects UIRA,
http://www.3gpp.org/ftp/Specs/html-info/ 25814.htm.
H G Myung, J. Lim and D. J. Goodman,
“Peak-to-Average Power Ratio of Single Carrier
FDMA signal with pulse shaping,” Indoor and
Mobile Communications, The 17th Annual IEEE
International Symposium on Personal, Helsinki,
Finland, pp.1-5, Sep., 2006.

Il “3GPP RAN LTE 714 718 2 st &
&, Prgrlstsli=EA], Al 334, A 103, pp.
964-971, 10. 2008.

U. Sorger, 1. D. Broeck, and M. Schrell, “Interleaved
FDMA-A new spread spectrum multiple access
scheme,” Proc. IEEE ICC ’98, Atlanta, GA., pp.
1013-1017, Jun., 1998.

B. Sklar, Digital Communications: Fundamentals
and Applications, Second ed. Prentice Hall PTR,
2001.

T. S. Rappaport, Wireless Communications:
Principles and Practice, Second ed. Prentice Hall
PTR, 2002.

O. P. Sharma, V. Janyani and S. Sancheti, “Analysis
of raised cosine filtering in communication systems,”
WCSN. °07. Third International Conference on, pp.
915, 13-15, Dec. 2007.

(10) J. P. Castro, The UMTS network and radio access

layer for evolved

1111

www.dbpia.co.kr



FaEAI8}E]=5-%] °09-11 Vol. 34 No. 11

technology: Air interface techniques for fiture mobile
systems. New York: Wiley, 2001.

(11) X Li and L. J. Cimini, "Effects of clipping and
filtering on the performance of OFDM,” in Proc.
IEEE Vehicular Technology Conf. (VIC), pp.
1634-1638, May. 1997.

Ht & 2 (Seung-Yong Park) 25]¢)
' 20074 29 Faldfsta ARE
Al g3 Fsat

2009 24 Fabskn #5FE

et B

7 20001 29~AA FHARF
E AL SMAR-

<¥}AlFok> SC-FDMA, OFDM, SAP

1112

&4 A T (Jeong Goo Kim) ZX3%)
. 1988 29 ARt HAE

gt Fspab

1991 29 A&t Hzp
Tk} Tl

19951 8 AHEfstw Halg-
&3} Fshatal

1995 3¢~&A]  Fabsta
AR AAFE T 2

<FHlEol AR g HIolE, tAY FAIA2E,

A" erele] g A

www.dbpia.co.kr



	파형정형된 IFDMA 신호에서 클리핑이 스펙트럼과 BER에 미치는 영향
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 파형정형된 IFDMA 신호의 특성
	Ⅲ. 클리핑이 스펙트럼과 BER에 미치는 영향
	Ⅳ. 결론
	참고문헌


