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A Predistorter Based on Look Up Tables for the Compensation
of Nonlinear Distortion with Memory in OFDM Systems
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ABSTRACT

A look up table (LUT) based computationally efficient predistorter suitable for actual hardware implementation,
is proposed to compensate for “nonlinear distortion with memory” induced by a combination of a linear filter and
a high power amplifier (HPA) in orthogonal frequency division multiplexing (OFDM) system transmitters.
Although the predistorters utilizing the LUTs have been widely studied, the proposed predistorter is different from
previous approaches in that it exploits a small-sized LUT to compensate for nonlinear distortion with memory in
the form of a multi-input/single-output nonlinear system. For the compensation of nonlinear distortion with
memory, the proposed scheme consists of a predistorter for memoryless nonlinear HPA using a small-sized LUT
based on the fixed point iteration (FPI) algorithm we have presented in other study, followed by a linear inverse
system. To demonstrate the efficacy of the proposed scheme for hardware implementation, we have implemented
a 16-QAM, 256-subcarrier baseband OFDM modem and the proposed predistorter on a Texas Instruments’
TMS320C30 digital signal processor. Experimental results show that the proposed predistorter achieves a very
close performance of that based on the FPI even with a small LUT, while drastically reducing the computational
complexity.
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AE] t=aToA 4R FEeleRe AMIE o
|3k &, Bt AME )43l olFe iRt
Hele] Q3L mE A4kl LUTHE 84 AR
AF719 1 ala)= ole wiFt “719Ae] gl
73979 FPL AMdd37]9) E¥He xAjRo =,
LUTS| z=7]§ 7194e] §ie A9t FdaA
2% 4 Ik 27 4 ol23 Higle] A3 2
=X Agkhe LUT ARs)ay] 22 243
o} o)A ok Aol AR AR 2
TAH-E A7z’

4.2 LUT2 44 3! o8

AR A F7)el LUTE TWTAS 7194
o] ¢l u[AY BA N(-)TE o83l AR
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2 5 A2, 8 d7elde FPL ARgSr] o
258 o8kt

717} Nepr ) LUTS] QS §8, 134 5%
719} E=F3e] OBO #Hdel o8] ZAAES slekw
7%k}, 25719 FabEe] AA=W OBO<| w
g} “AElE” M2 oE Nygr /B8] OFDM Wi
Az x,=r,e'" (£=0,, Nyr— D)E AP}
A ALk e, o924 445 OFDM HE
NF x, (£=0, Nogr =1 22l o 4
(13)8] 7|94e] §s A5l gt YhEAlg o83}
of AlHEE AF 2, & oheF o) AARL
1 o] el X), e =X ok

Xaan, e = P(x )
=xw.s+clgxg . — N(xp ) (14)

(k=0,, K—1)
2 =x . (135

Hed 2, = Vz'ej(E'Jre")c’]E}' Al S7)A
v & 71940] Y 79l oIk FPI AReS7]
9] 29 A% AE, 2|3 g, & o] AMAs|F]e
g A4k 4RIk o] 2AE o831 N
A9 LUT dlele] M, (¢ =0, Nyor — D2 v
S5} o] ARl

M,= [M.( (0, M, (1), M, (2)] E[Tl LT, 01']
(16)

olFA AAR FAE M, L ¥ A3Y AF
v & V1ESE A (UNF o] EF Pt

My(0) < My(0) < Mz(0) <o+ < My, —1(0) a7

ALY 25 M, A2q F=de] (&2 A7l
A& DSP) W LUT 4d<oll A5, Agelxe
ol#) olziq LUT} ¥+ A4l Ax (OBO 4,
A% AZe| gz DE 7K AA OFDM 4
Foll Wisle] AAzke s LUT 3= uby-g 5 A}
ARZ AL a3kt o)F ¢85 AAl Al2H¢
Fxba] o4} A7t ¢= aT,o)42] OFDM Wz 4l
Z x[n] = rln)e’el 3l WA LUTS| 7
M, 0 =7, (£ =0, Nygr—1 7k&d] ZF
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I 71 Ve 3 M. (0) = r. 2 o)A &Y
2] whgE olgsl AAIL F,

m= argmin , = (g, .- N, -1 [7[7] — M, (0)] 18)

0] & o]83le] OFDM WE A& x[n]ol oid}
7lgAde] e 7% ARsE71e 9 o (#]S
o33 o] AAZLeRE FERIc

Z'[n] _ r,,,'ej(é["He"') (19)

4.3 MY A9 Al2”

a3 428, Aok AAAdF7]M AHEE
Ay o AxgE o4l AZE ¢= T, 942 LUT
28 (& 71940 §iE A9 AAHNE) &)
2 [n]€ {JHLR sl z2[n]e EHI) o] A%
£ 7194e 2 vy 9T BS99 AR
A7)0 ] AlERA] Ay g g¥en
al7k=le, ek Ay "ele] &Y y[n)S

sinl = 8 Hli zln — i 20)

sh ek MY o Aado) A% Welel d%e
A MASE A4 AN Weje] 29E o] o A
2ule) qleis FAsdof Yok 2

yin] = 2z [#] 1)

£ HEsjedol gt weba] 4] 20)} 2DEFE
2 {n] =yln]
N (22)
= a[0)zl#] + :Z'.lh[z'] zln —1]

7} Ha, AR A 9 a4 2 (& A"
Al =71e] £9) z[#)S

el = g7 (10 - Smtaztn-a) @3
o] Fkh o7ld Fefsjeldt HE A Azt
t=(n=9T, (i=0,, L—Delxe] Ak A
719} &l z2ln— e A AR t=aT,
o olv] ¢heix Qlem=Z, A (23)elxie} ko) ARS-
shesiche Adolrk A, A¥ | AxdedMe ¥
Ae] LUT &% 2 [7% o7l 43 Sle #A
(L= D7 o4t Az} ARNS7) &4 2ln -]
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E ol&3le] AAzke® A Azks $1’E ARd)
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€ wiellA etk 7194E Ze vy o
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Wiener Xxgloje} 3l AEE [24]4= o]
3 Wiener Al 2dle] nARS 203 AlHTr|S
Hammerstein Al~% |2 7¥s}grk Hammer-
stein A2 Wiener AlA®l2] o T2 He| A,
7lejAde] gl wiAy Axsld 7)Ade Ze A
Y Aadg dAsle] PRl o 2¥ 5& o]
28 vjAds Aage] »at F2E EARKL o
T8 [24]°)4= Hammerstein A|2%] eo] APH
HF7[olA AHE= vl Axgg a3 olEk
e 2, 12)n A8 Aagezd Ay 9 geE
olgsigiry A= B wielxd] asishe whle
Hammerstein Al ~%] o] Adefr|E sl
2 Fdsl] 913 8:&4q) ukke] shis of =
+ 3iek

4.4 HMiokEl ARSe=E2|e] TMS320C30
DSPE olgst 78

A5 H7He 9 Ak A sEr19 16-QAM,
25670 ¥1kgulE o493l OFDM 7jA|dly =]
2 Host PCe} <le]se]l~ 7153t Texas Instru-
mentsAk2] TMS320C30 DSP Evaluation Module
(EVM)& o83} @3l 13 62 Host PC
2} TMS320C30 DSP EVME o]-43le] 7% 4
2] EERE EARL

2% 66l EAske OFDM =g Algejs]
9] F2he AR ohgat ok WA Alxge]
a} o]Alell Host PCollAE 4.2 Aolla] =gl upy
of gJaled “rldAe] gl A At Ny =

Hammerstein System

.| Memoryless

Linear
x 8 Nonlinear System with

Nonlinear System with Memeory

Linear P

& System 8 Memory

719l LUTE AAsle] DSPell AARIc) o1& 93
16-QAM F-57]ol| 2ja] A AHE A3y 256
Ai-g 3 2#gde®  #led radix-2 complex
256-point IFFT= Yyl WEE a3, 42
Hell4] ov] AFE 2 M & Ny Y
OFDM Wiz 4159 A3sA] W A& A4
S 4] (14) - A7)0 8] LUTo| AR gt
52 MY} Pelak OFDM #W= Alse] A3}
HA 4 AEFE 4, (£ =0,-, Nyr— Do}
sk, A AEE 4, 02t 3, Agwshks o
+ A @48} o] 33 A5tslEl OFDM H=E
AEL x, =77} Tk

re = gy az (24)

9714 4> 0 I3 2@el4 F%719] OBO- ¢
s 2R T (Y AEgle)y,

E{a)} = Tvﬁ? Nti:o ‘4, (25)
£ A5 97 %S OFDM WE Al: 71EEe)
H#goltk Host PCoxe DSPE LUTS} §7
A, E{a}ell g Ar HA) A4gsie] FF DSPoA
AN djolele] wiFk HFdlal AFEE = UESR
gt} AyHe LUTY| AAEs Nygr ol 213
Tk PAPRE v} Zbo] Aateleh

i TS )

g AlA Helele] X4 A2RE <)), DSP W
oAl 7Y™ OFDM ZAHY WZEr|elri A4
DSP e} 16-QAM R37]e] 23] APHH AHE
of s] 256 Ad& ¥ ZHYOE Sl radix-2
complex 256-point IFFT®. Yulgul HEE 438
t}. Complex IFFTS $3] A4t o 3y zkzt

PAPR = 10 log i,

Wiener System

Nonlinear System with Memory

3@ 5. Hammerstein AlAR& a]-£4) Wiener A~ | A28 74,
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TMS320C30 DSP EVM_ |

OFDM

Binary Linear Filter |
Data : Egclt)lc\lder Baseband [, LUT i &
Generation [ | Predistorter | &

Modulator

LUT Download
from Host PC

Proposed

I TWTA Model |

OFDM
¢ Baseband @M
i Demodulator ! §

Wireless
Channel

@ Performance

Evaluation

T2 6, Host PC2F TMS320C30 DSP EVM& o8-8l 415! OFDM 7| we 2els} Aehsl AlAdef=7]9] 74,

2 Alalsledor #l o714 sin(x) ¥ cos (x)2
Aate] 27k TMS320C30 DSPelME  sin ()
8] Are g& 1528 6x171Re] A-E o8-
& =3 (power seires)Z AR o] TARAle
2 2p 10 "¢ o]ek cos (1) 9] =

cos (x) = sin(x+ %)%— o]-8-g}

thg22, oJAb A7k = aT, 2] OFDM ®&E Al
3 xl#lo) 93 Host PCERE] A4E A Ela)=
olg3lel 4] (24), 25)9} 2 AE AL 7
F, AR AF )& o183l A 18)F 2
o] LUTE ¢)a &4 3l 71994e] gl -l
N3 ARS8 2 [#]S A (19)4 o] T
gl o] FAlo4] OFDM WE Alze] $4F £[x]
o] AL Y3 arctan (x) dile] fEEH|,
TMS320C30 DSPelAE o]& 1x-%E 9xp]z|L]
TAES o] 843 HIFeR TAlEl o] DARe]
22 A 107%0c} o|FA oA 2 [#]F} o]¥
FaA AA=E glE ol (L-1) ot A7)
ARNE7 Y zln—d (=1, L-DF °]
43je] Al (23)22HE] x[x]ol ] $E7} U3}
£ 194 Ze vy el digt Al A
Ao Y (xS dett

o]FA TRl AR B AZ z(#)2
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TMS320C30 DSPellx] HA] 735 L&) 43 4
HE #Ax 4] 3)oz AlEHo|AdsE TWTA g
HElz, 49 TWTAY &%o] OFDM A|lAH¢] £
Al 21A9Y 4135 de) Ad @60 digt A&
o1& #8l, TWTAS &3 Alss TMS320C30
DSP EVMoil4] Host PC2 2= #4=|n], Host
PColld f2eX] AFel vle] 24" AL3A-5H]
(E,/Np)ell 8= AWGNS H7psta, ol=id
A7t AEE ohA] DSPE ol E 34 ©r) DSP
o] OFDM  Exz7ldlides o] AlEE  radix-2
complex 256-point FFTE £ alfa] 225
F33la, 16-QAM B371E AR F o)Al dleje
2 #go2d OFDM 7|AdY Bxg =5 vl
Aok AR5 o)A dlelele As B HA o
A] Host PC®. ¢J2¥ 7, Host PC= 2] H|EE
I3l Fo12 E,/ N, o g B]E & (bit error
rate; BER) 45§ AlxRRICH

$1¢] =% #Ao|M Host PCs} DSP 7t2] wle]
B QlEjsle]A EE ojzdlA 0x2800]1, dHlolE]
Al AL QERE Au]~ FRlellA handshak-
ing WMo A€} Host PCE $I3F Alol4 2
2398 C 9dol2 FHEgla, DSPE 9% Z=
23E ASM302 2 oQEd Fog thREEale]
Als)gic). TMS320C30 DSP EVMell= 16 k-word
SRAMY] #]& v]mele} 2 k-word2] 4 oxme]7)
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=%/OFDM A &=olA 7193 & 2 vy o] B $18 3= dolE 7] AR5

glem, & Aladede =207k Nyerdl LUTE
SRAM¢l| ZAslgla & 3. Nyyr word?] 2w
& AMgsieh (4] (16) ). 4l dloly #H
el 1 kword Wi WEzlE ARgsigct
Host PC2} DSP2] 4 wio]] H|E AL 17
73t Zhor, dlele] W2 DSPlX Ae3l=E 3}
ek DSPE] 1 EE  Ale]g 60 nseco]il
256-IFFT 1= FFTE AHz3l=dl 1 msec7} 87
e, £ 18 Azl He 7153 v E g
o 1 Mbps7} St}

1 8 23
mantissa

s| exponent

IEEE floating point format (Host PC)

8 1 23
exponent | s

mantissa

TMS320C30 DSP floating point format

3] 7. Host PC#F TMS320C30614] 249 vl= 4.

71944 2 vy o BAg 913 FRI AL
Ashzr)el AP LUT ARlsiarle) Addede B
&) 23 ohgs) ek WA FPI AR SE7)elA
die]e] dhio] BT AL Cepe

Cim=KI11C,+2C;+6C,+2L(C,, + C)]
27

7t "ek o714 C,, Gy, CoE A FA, A,
i diblld 87EE B9 Azkely, ke 4
(Anelx] Zeld 2 wAgad ubE 3ol 3,
A LUT ARsis7]oll H83 AL Crur
= o)Al A4S as ¢

CLUT = Ca IOgZNLUT +2L (Cm + Ca) + Cd (28)

7} g} Al (28)9)A= LUTS) o)7 o] "ad
d4kg #1380 2's complement A 4be o8k}
2 71dslseh oA s, F4l, veAlel A8
T B9 Azle] BF Fvkm M o, shie] o
2 delele] 8 A LUT ARSiZ77) AXk
gre] ZmolA] FPI A7 via) o€ 587
o]=E ¥t LUTY Hv| 7] Nipr-met HHr
%} zdo] ZHAEth

N Lyt e e = 2 (19 +4L)K~4L~) 29)

Z, LUT ARH37|ollA 4] (29)8x} 2R =7)
o LUTS AH-E A%, FPL AHsjS|uct 2
Ao 87k o) Ak vl LUT A}
ANF71E A% LUT PAo| 28%5e A=k
T#slA] dsie) ole RE d4le] AAad 4
o] (%22 7% DSPyellA A|Fejof 3h= FPI
ARG F719e de], LUTS AL Alag] 9%
(5218l 75 Host PO)ellA] 27]o| AAd=jo] vh
2 Heo] AMGE7] wiFelvh AA ole{¥ 5L
£ =29 Ak ubget zo] LUTE o]83ke AN
=719 A4 sk shiekn ¥ 4 Qlek 29 8
< Alagle] Ay gy devt L=30lx, A"
AFdsiE719] LUT 271 NunZdb 24 1024,
1024009 df, FPI ARHefF7]elx AR 343
W K2 W3le] wE F ARS8 Al
vlel Cryr/Crmd] HEE FARKL 74 ¢
Mgt Ze] Held i, FA, vhAld] A8EE
&9 A7l BT rial riAEYT: 1Y o2
Ak AMEs)ErlE & LUTE o844 Af-lx
FPl Ap3ief57]e] Wla) 453 A Aileg g8
28E 4 F sk

10 ———
#—*  Number of look-up memoty = 1024 [
i'. ¥—%  Number of look-up memory = 102400 |..
2
B
Fn)
510 \._
| W
£ e
G b
' N
e 5
* Py, | Y
M»
10? ’

5§ 10 15 A B A B 0 &K @
Number of Herations

32 8. FPI Asia7|8] A4 whds Ko e u)
€ Ak vl Cue/Cmd HE (AY ¥WE RS
L=3)

V. oF 3y
4.4 HolA Md5¥ 77 o] TMS320C30 DSP
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E ol4sle] 73E gk Alxmle] 3 A %7}
£ A AYE sYsisic. Aol TWTA =4
B2 4 3)F A2 v)dy FAE Zhe Salehd] 2-
sejrle] nalg o)g3lgen, AdR2e A
719) B} IS k] FAFE) A3 selde)
$= AWGN Ad-g zesigict vl 98] ARE-
% FPI ARAsZ71e] wAld Wby K=20, 5
o AE o=0.858 o]83lylen26], A¥ ¥H
24 A g7}

RIO] + Al1]2"'+ K[2]272
= 0.7692 + 0.15382"" + 0.07692 2

(30)

ol L=3 = FIR "e|& AR23)5TH27]

I 9% E,/N,=20 dBe]i TWTAS OBO =
6.1 dBY o, (a) AAsfT7|E AMSBHA] = A
9 (b AgH LUT A&7 ARt 7%
16-:QAM  237] FHe Ag U= (signal
constellation) & 27t =Agk ALY ARshF]
oAl LUTE] 7l Nypr = 104010k 2% 9 (a)
23 A FrIE A S s AR
2% i3 g)ake] BojFle] whRhe o 4 qlrk
AU 29 9 ()9 ARENe, A" ARgE
718 ol4sheEa o)y dS-& mAlsl] e
A%E =S Bdstle $0% A%e Bye o
4 lek

27 113} 114 747 OBO7} 6.1 dB2} 9.4 dB
o o, FPI APHiZ719l Ny = 10249 A=

Image
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(b)

% 9. 16-QAM 2357 249 A% AT (E/N=2
dB, OBO = 6.1 dB) (a) ARsl®r]S AF8-3=]
% AL, () A LUT AMHeS27|F A4k
7% (Npyr = 1024).
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8, AdslF71E AMSEEA] o A9 A o
Hi Ay EAE de £57)F sl oA
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A%F 94 ZARE ©)E AAR2HE], Aokd LUT
A7l 2 Z7)9] LUTE ©l43sle: FPI
A g7]e) v A e BYE o 4 A
o} w3t olF AANF7|E o] 43 o R AlAFle
BER A% A 3% + glow, 83 13 10
A ke 2R g2 0OBO AMgelA] Alde)F7]
& AH3A ke ASE emor floorrl HHAYsi,
Ak A sfF7| S ol8sle] oledt Wak: I
o qlvk =gy ¥ 113 2 FER]F 0BO A3
dlx 107°¢] BERS| s APHIr)E A3}
A ke Aol wlF ok 7 dB ik E AT ¥
abo] 7Fesle, o)Akl AWGN Ade] Aol &
s i S s A JE o 9 slok

Vi.gd 2

B =Foli OFDM AlAwe] £4l7]olA A
e Ay deiel wEE FIE)Y Al ey
719494 2 vdE d5E BAs] #%
LUT ARis718 Adsisdct 719488 2= nlad
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FHle—a wip

|6—o Ideal AWGN channal
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