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Abstract

Next generation wireless communication systems require RF transceivers that enable multiband/multimode operations.
Polar transmitters are known as good candidates for high data rate systems such as EDGE (Enhanced Data Rates for
GSM Evolution), WCDMA (Wideband Code Division Multiple Access), and WLAN (Wireless Local Area Network) because
they can obtain high efficiency by using efficient switched-mode RF power amplifiers. In this paper, we investigate the
performance of a simple peak windowing scheme for the OFDM (Orthogonal Frequency Division Multiplexing) polar
transmitter, which requires no change of a receiver structure or no additional information transmission. The approach we -
employed is to apply the peak windowing scheme to the amplitude modulated signals of the polar transmitter to reduce
the PAPR (Peak-to-Average Power Ratio). The BER (Bit Error Rate) and EVM (Error Vector Magnitude) performances
are measured for various window types and lengths. The simulation results demonstrate that the proposed algorithm
mitigates out~of-band distortion introduced by clipping along with PAPR reduction.
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Fig. 1. Structure of the OFDM polar transmitter.
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Fig. 3. Flow chart of proposed algorithm.

2319t Aote 93 9= JHe 1Y 39 2
AxE ARG ¢4 YEEE OFDM A EE envelope
A %9} phase A2 EEd Fo| U&7 Z2 peak

detection® &3 Z23F AF c(n)S A3
1 , laln)l< 4
C(n)z{ A , la(n)|>A (3)
la(n)l

d7)4, a(n)& polar BZH envelope AZo|1, A+
283 #ojt}. o] ul, envelope A3 A7|7t £
3 Y ojto|d 10|, FW HERYG & A 12
o} & gho] €t

teog 1—¢c(n)g 9= &85 win)d AEFA
AXNE] B(n)& A4

Qo

=

4)

23 A% g9 J=& Eo)7) A8 v 2
o] ¥z =€ 2% A h(n)E AP

B(n)=[1-c(n)] x w(n)



20081 128 HxAHE8E

of W, k= AT ANRE gvsti, B3 A=Yd
283 As h(n)e 223 98 A & I
e 2ol 289 AF c(n)ET F & ok

oo

1— E l—c®))wlin—=k) < cln) 6)

k=—o0

T T S A S

| | «==p==Orignal I
0Mpb — — — b — — b — — . w — — — i _ _ _ 4t . _ _ =~Directclipping ‘r

| | —&— Poak windowing |

| |

Ampiitude

— -
| |
H S R L L I

100 120 140 160 180 200 220 240 260

Sampie Number

38 4 SoidE Msel Iz dzs Mol s
A2t meel TE b1

Fig. 4. Amplitude comparison of clipped and peak
windowed signals in the time domain.

Iv. 2oldd & &}

AA71 AHEY 3hS Haglehy] Y8 gdd &
Be] A= s HEste 489S YA E 1
< QPSK ¥z digte] 9=9 Aol 312 nAsm

293 #AEd mE 9x WE A7) (Error Vector

==X H 45 @ 7C H

(1006)

Magnitude :
T3t ol

e=r—z

»a

;'; l

kH

1. QPSK

Hi12 =

45

EVM)E Yehd Aoz o3 Wy a7

=380,

PS5 AW EH Gaussi
HEY g Fo| A B}

4| 37|

Table 1. Error

vector

ot spA| 13‘ 5 L‘rE} pin=
._/‘[:

®)

aussian =S
23 o &

rr
Y,

Hzxof cisto{ 2z|g ol e 2%

magnitudes according to the
clipping levels for QPSK.

-80

00

-120

Power Spectrum Magnitude [dB]

401 ~

-160

Clipping Window type (EVM, %)
level | | nning | Hamming | Gaussian | Kaiser
RMS | 42505 | 434923 | 424979 | 552068
RMS+1dB | 279904 | 285955 | 27.8664 | 364421
RMS+2dB | 15351 | 156595 | 15227 | 198503
RMS+3dB | 6284 | 64302 | 62323 | 7.9937
PSD of QPSK Slgnals

-40 -30

A
T

-20

~HEH

-10 0
Frequency [MHz]

%8 5 QPSK Bizof Ofstod |z

|
I
I
1

10 20 30 40

gefo| we Fo

(CL=RMS+3dB)
Fig. 5. Frequency spectra according to the window
types for QPSK (CL=RMS+3dB).



46 OFDM polar transmitterol A T3 ALY 7|42 PAPR Za7|He H&HIt Mots ¢

PSD of QPSK Signals
RMS+1dB clip , ‘
1

RMS+2dB clip
| i

Power Spectrum Magnitude [dB]}

Frequency [MHz}]

38 6. Ezidal ml3 fxe] Fulp
Fig. 6. Comparison of the clipping and the peak
windowing in terms of frequency spectrum.

AHEY HjW

Cumulative Dvstnbutlon for MQAM Signals

,,,,,,,,,,,,,,,,,

10°

L
FlHIHI— —

PAPR[dB]

a8 7. 64-QAM Bi=of csto] Sa|T ol wE &
14 H ;‘f‘.E

Fig. 7. Cumulative distribution according to the clipping
levels for 64-QAM.

o} et AH9Eed gIto] FAolHA Gaussian 9=
9 #AEE EVM A%¢ 7HE Hamning 9598
A 83k Aol AHEtn AlEH

ZL"E! < Al 2899 g ~HEY

=4 Adste a3 4= 71EE 83

“1]94 A2AEY =& 2¥9 HHdd w2t =AF A

2 o] o A¢d 9=$+= Hanning Y=ot 13

Uehd 249 93 d=dS F 4398 o ~dE

Aol FA #F2de AE & F vk B 27
go] wropd wet AHEY o] FIeHE &

Ak

a9 72 64-QAM W29 U3 Hanning Y =43

—l) o ¥ 2 fo o K

Bit Emor Rates of QPSK

] +Ongnal
€ RMS clip
—O0—RMS+1dB clip
e RMS+2dB clip
s et RMS+3dB clip

BER

Eb/NO [dB}]

I3 8 QPSK M=ol cisto S22/E ol wE H|E

g

Fig. 8. Bit error rates according to the clipping levels
for QPSK.

E 2 16-QAM Hxof tfslod fEf Zojol WE 2
At WEf 37|

Table 2. Error vector magnitudes according to the
window lengths for 16-QAM.

1 48906 4.9664 476 6.2651
31 6.2505 6.3269 6.1406 7.9288
51 7.0099 71127 6.879%6 91906
71 7.6352 7.7687 74873 10.2552
91 81906 8.3467 8.022 11.1476
111 8.6947 8.86% 35084 11.918

Agsta Q%S Holx 312 AAINNE ¢, Y
o] wE FRAEIEE EAG Aoz g 2o
AolHe FHEEE (cumulative distribution)& 33
a5l

Cumulative Distribution

(10)
= Prob(OFDM Symbol's PAPR > PAPR)

a3 79X MELES] 57} A4 RMS+3dB
9 223 IS Hgaue W 1079 FHEL o
sto] 9A59 PAPR Ht} ¢ 4B /AHES ¢ 5
ot} 28 82 QPSK Wz thsle] kA AAl Adx
TYE 24 23 Hdd e HELES &4



20084 128 MXAZee| ==X M 45 A TCH A 12 & 47

5 Bit Error Rates of 16-QAM

T == === ===

—&— Orignal
&~ Length 11
—6— Length 31
w3 | ength 51
b Length 71
~t— Length 91
Length 111

'

L T

BER

2 4 6 8 10 12 14 16
Eb/NO [dB]

a8 9 16-QAM i z=of Ch3to Iz Zojof mE b
ERR
Fig. 9. Bit error rates according to the window lengths

for 16-QAM.

20 PSD of 16-QAM Signals

.4o,ﬁ,,‘, ,,,,,, —— e S P
) R |
8O -~ - bt

-100

-120 : ‘ S N

Power Spectrum Magnitude [dB]

AR s N - - - - - -

| ;
180 i Length 71

L L L I .
-40 -30 -20 -10 0 10 20 30 40
Frequency [MHz]

a8 10, 16-QAM Hz=off thate] 9= Zolo| e F
s AHEY

Fig. 10. Freguency spectrum according to the window
lengths for 16~-QAM.

_?‘_‘.
Pk
lo

2 I8 7] Yehd A 2E]9 o) o}

& 2& 16-QAM #Hzo thste]
22 9E 2715 el Aol o
@& RMS+3dBo|t}.

I8 9% 16-QAM ¥Wxd| tiste] 2y o
RMS+3dBZ 47431, Hanning 952 243}
T A= Hojo] ME HEQRSES TAS HoF
T Zol7} gofdel ulE HIEL go] AdtHE A
T Atk AT 27 109 UEhG AN Y A¥E

=

e 3
2 1o H ol e

o o

o Cumuiative Distribution for QPSK Signals

TIITT

Tl
[« p
T Coooino-
o ____I”_-”"C ]
& o] N
X ! " Lengtho1 |
-2
o 107
8 CE== =
£ ,
€ C.-.7:
‘Z‘ ,,,,,,
S
[<3
0% - - - o2
10* ! e i
4 5 6 7 8 9 10 1 12
PAPR[dB]

38 11, QPSK H=of thstd =< Zolol mE £x
2ET

Fig. 11. Cumulative distribution according to the window
lengths for QPSK.

I

ZAagt 23 112 QPSK ¥zd| el 229
'd-& RMS+3dBZ AdA38t3, Hanning =45 2§
19e W 95$ ZolE 11414 11174A 20992 A
A A7 PAPR FHEEES A% AoR XS
9] PAPR Bt} ¢F 43dB /NA8S ¢ & Ut

v

Ol
@ 1% ro

V.2 B

¥ =%dAE OFDM polar transmitteroll A =41
o ¥M3E FA dor T¥ F7HAQ AR
glo] 71E FA71E a2 A 5 9
Hedtel 1 Aes Hrlsksith

=X
HZ2H envelope A5 H3te] ¥z
Al

d=dd 299 AFE Foke o2 g dxe
FEt dolE HEote] MELET 23 WE A7)E
st 2ode A3 e deg FH TN
Hanning 9558 H&33le o 2efgoz Qg ~
AEY o] HaR s EF 9x§ Zdolg
HellA 11744 09912 HstAAZY A8¢ & 2
%, Q=S Aot goldrs A¥ER L Ha
S[AIRE H][E 2 &3} PAPR # Aeo] Aatds & ¢
AT wep P ol HIES & 3 PAPR 4%
o] trade-off #AE LAY W A=) Zolg 312
AAagle W Z&%< PAPR #4¢ v 223
22 QIF AHE o] F2TE AU



48 OFDM polar transmitterof A I3 =Y 7|4t9| PAPR ZtA7|H9 H5H7t MOHE 9|
SN [6] LR. Kahn, “Single sideband transmission by

[1] John Groe, “Polar Transmitters for Wireless
Communications,” IEEE Commun., Vol. 45, No.
9, pp. 58-63, Set. 2007.

21 AEY, AAZ, 248=, olFA, “X}Ad RF EH
A 71e F8) FAAFELXE 4, Vol 23, No.
3, pp. 72-81, 20083 64.

[31 M. Talonen and S. Lindfors, “System
Requirements for OFDM Polar Transmitter,”
Proc. Circuit Theory and Design 2005, Vol. 3,
pp. 69-72, Aug. 2005.

[4] Ramjee  Prasad, OFDM for  Wireless
Communications Systems, Artech House, 2004.

[5]1 S.C. Cripps, RF Power Amplifiers for Wireless
Communications, Northwood, MA: Artech House,
1999.

M gt S(EA39)
20053 =G
AR FAF83 il
20073 AU n
AR EAFsI AA}
2007 d~dA sAddEn
AR EAF8 3
WAL A g F
<F @A Eol : OFDM PAPR 4 7|%¥, DVB-T
Al2®) Super-RENS A" B]AE A3 x>

A M glHEd)

1986 A& ojshn

AAE &7 AL

1988 A& didtu

A28 AL

19943 University of Texas at

Austin 7] 2 ZHAFH

. 87 Al

1995 ~ @A cAdEgE FARFAARFTEGE
A L

<F@AEE: BAY AF A, T Ala", f

ke
A gE A2g>

ol 2 H(HHK)

1986 F4dig

AR Al

1988 Folsta

AR g e A

) 1988 ~ &4 B AAEA
A79 o]E RFATY%
: o] 552l RFAl2d, RFIC>

(1009)

A XA

7H

envelope elimination and restoration,” Proc. IRE,
Vol. 40, No. 7, pp. 803-806, Jul. 1952.

[7] Patrick Reynaert and Micheil S.J. Steyaert, “A
175 GHz Polar Modulated CMOS RF Power
Amplifier for GSM-EDGE,” IEEE J. Solid-state
Circuits, Vol. 40, No. 12, Dec. 2005.

[8] O. Vaananen, J. Vankka, and K. Halonen, Effect
o Clipping in Wideband CDMA System and
Simle Algorithm for Peak Windowing, Helsinki
University of Technology, 2002.

[9] O. Vaananen, ]. Vankka, and K. Halonen,
“Simple algorithm for peak windowing and its
application in GSM, EDGE and WCDMA
systems,” IEE Proc.-Commun., Vol. 152, No. 3,
pp. 3H7-362, Jun. 2005.

A8 M(saE )

20073 xS LY
SEEE LR

2008 ~ @74 $AT e
CEENES L]
A A2t

: ZAY o] FA A%, FPGA>

MM E(ARIY
19949 A& oigt
AxEst 7 AL
1996 @ &5 dlgn
AzLz-8ka AL
2004 7 &8t
A8t Al
2000 ~ @A FZAAFAATY o] FRFATH
AdAdT4
<FHAE 1 nFy FAA, FAA FA
A, RF Al &€ A >




