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Abstract
OFDM/FH communication system is widely used in the wireless communication for the large
capacity and high—speed data transmission. However, phase noise and PAPR (peak—to—average
power ratio) are the serious problems causing performance impairment. In this paper, PLL (phase
locked loop) frequency synthesizer with high switching speed is used for the phase noise model. SSPA

and TWTA are considered for the nonlinear HPA model. Under these conditions and by approximating
. . 1
e into 1+ jé[m] —-E(ﬁz[m] for the phase noise nonlinear approximation, SINR (signal—to—

interference—noise—ratio) with nonlinear HPA and phase noise is derived in the OFDM/FH system.
The bit error probabilities (BER) are found by computer simulation method and semi—analytical
method. The simulation results closely match with the semi—analytical results.

Keywords: OFDM/FH, Nonlinear approximation, Nonlinear interference, Semi—analytical method.

L A =

@A OFDM (orthogonal frequency—division multiplexing) A$7]€S 14 A4$2] WLANs (wireless
local area networks), & IEEER802.11X, HIPERLAN II, MMAC(Japanese Multimedia mobile Access
Communications), 23X +¥% DAB/DVB, ¥ %59 DMB %9 HEFSZ AHHn Y. FHF
23 (FH) A2®2 A9e Zstn gxA hdel 2 Add. 5 714 B$4L £3¢ OFDM/FH 4
NAEE M8 AT dFEE2 §R dS AU dEF 14 dojy AFe HPEH, HZT FAFA
Hopol A} go] AFHw Qith ey OFDM/FH AlA”eA & HPACA 2= ¥IdE A Je8Ex
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Fatr FA47A BAEHE A4S Fol FA Aol Hdd 4%E 718 F Ao

HPA ¥lAE o5 azln 43Sl digd 22 719 d77F AAch 1995€9] G.Santella®} F.
Mazzengat B|A138 sfZo] EAE ] M—QAM—-OFDM AlAHe)A e 5 H7HE A7 1], 1998W
G. Santella®} F. Mazzenga® Bl|AE g Fo] &Y o M-QAM-OFDM Al2HA AFEAL 93
hybrid analytical—simulation ¥ & AR H2]. 199949 E. Costa®t M. Midrio 281 S. Pupoline=
OFDM FAIAAES el i wAdy FF719 4 EHHAG(3]. A ATF[1~-3]AMe AT
backoffstel Al HPA ®]Ad¥E SAo] FAAAY Aeel "AE IS B4tk 20019 Ana Garcia
Armada® OFDM JAAIA®A A4S L AT3RT4]. o] IFdAME A4AgFel vAe
FEE AF 24} 7RIS o83k AUt 2002 E. Costa®t S. Pupolin® HAFEIH Wl
FE717F EAE 9 M-QAM-OFDM Al&®oX 9 45& EAFATE]. d7dxe 4433y 2d
2Ax 29e /AT AR MY 24 7 ol4dtd UAE backoffdtols ¥lMW HPASH
AdEE 84 9Fe EH3AH
=EdAE 16QAM-OFDM/FH AA¥E didoz e A43SeE FodME wE switching
< F e FuF FAVIE ASEn A8FS 23 BAdY 2418 & o] 83te) OFDM/FH
FAANAR A HPASE HARSY EEF d%g z2id SINRE F8d. z8lx AEHA P
semi—analytical W& o]&3t AP backoffd]l d TWTAS SSPAQ HIAY g3 gAtgo
g0z EAY o AA"e BER SA4& £43%t.

U

II. HPA ¢} ¥|Adyg &4

948 HPAC UPEE B 714D U325 x()=R(@)e’* oz mdsa nay =49 93
AZY HPA 28 As: y(f)= AR(@)] /PR g 2 o7 AR(E)] & DRE)] =
0% HPAS AM/AM® AM/PM E54& dEgch 2 =2oM: Salehd ¥H|vZz TWTAS
SSPAER® S AMgstch WA TWTARES AM/AMT AM/PM 542 otdi¢} 2o}

ARD) =42, —O__ grey=Z. RO

sat ’ (1)
R*(t) + 4, 3 R(t)+ 4,

A, v %7 9489 saturation Aot}

sat

o SSPA 292 AM/AMZ AM/PM S4£ ofeigh 2k
R(t)

)
A

(4]

AR®)) = O[(R()]=0. @

A= 99 Hd "Eo|o p & HPAY transition smoothnessE 23 &= Aol
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1% 1. OFDM/FH % #4 E5E.

o

OFDM/FH EAIAAHS 24t £ 4 E25E I% 1% 2k 94 249 HEg 93y
FA719 Fas FA719 94RSel M2 2T Mde] AWGN Mdole sHHsm LNAE 48 54
ZHAE b3 s LNAS ulAdy &g nsiA g dvieR Eas JIAAY OFDMAZ
(3)4 3} ko] FojAT},

N-1
st) = ZXk e
k=0

e

rlr

2n
J=—kt
T for 0<t<T 3)

A7l j =J1eli, N& & AR Aol Foid, X, £ kA4 Melole dlojg H&oltt. g

AL 1/Tela, T+ OFDM AE F7)olt}, ofge] oldAQ Alxwo] uH]Add HPACA uwlAd sfFol

BRI F FA7) Fa FETAA AT FHELR dH s A ASELE BHE.

Xy s(t) x(t) ¥(®) r(t) Y,
. w »f? —? P ] ¥

e.i"ﬁn' @ n(t) e Sy (D

1% 2.HPAS 93%S 98& ¥2 3AN2H.

29 28 YR $4A BBoth IFFTE ¥ $445 s(f) & 232 o A4%sol #7451,
v 4% HPAZ S3% %ol AWGNAEE Z#stn o 238 9 A4R80) oA 3rtac 94 Fus
G FRs £ W9 Fais o TR @ $77 @R o FolAnkn /YT ¥4 BT
dstel FAHE A4geT nastel 232 we /PO g aqan 0 2 masnw
459y g /OO g fgs M@ 2 zgun WA FFTEZ € NEE 33% 9
A4zrgol F7bad. |
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)C(t) — S(t) . e/¢rx(') n

A7NNN P (f) £ $A7Y FuF 7N Bgshe Alzbel gt dstae A FEelt oE
HPAOIA ¥)4E = 3 & otefig o] st 2AA,

Y(O) =t x(0) + d 1) &

9 A a, € complex gain factor®A] 1]43 HPA saturation® 94 AL T wdy
HPA® &) As= TA 7asl 94 JHL F4 Dol correcting factor 1/a, & Addte L2
2AE 4 Ao d()E nAaE iFol a8 wA¥stE v]A¥ 24 (nonlinear interference) 224 3ol

oli ¥ato] M, B2 719t @Y¥4(complex Gaussian random variable) ©Jth[5]. ) ¥]Ad¥

(@)

=

Hd(f) = 4 Assh e vay 2 ATeel F48 FHEA (1) =d 00 0 ™

otk ANAN dypu() & AL EANA @e wWel HPA vHY 93 H¥olth HPAE

E7se] $48 A5E AWGN AYe AR ¥ o 53 & o oA 94Re] . F F48
AZE otet 2ot

r(t)=(y(t)+n(t))-ej¢”(') . (6)
Gox (1) £ 54719 F3t5 BT A B Aol get Wgkshs 94 Feolth A% 49 WS

A8t G () = Gry Q) = B() . Bor (1) = py (1) + Py (1) ©12F B AL ER J, (1) S Ppp () &

o) 00lx HAol o A Al W Wsn A eeh6]. WA, £47)9A FFT(fast Fourier

transform)& AX kHA HE lalold AF &= ofde Pt

2z N-l  N-1 2z
~j=—km 1 . J=—(-k)m
=___Z m] e N =aA,_zXlze/¢m,['n],e N
m=0
+ L 'S i lm) ’27”("")'"
Dl w;thout{qﬁ} Ze ” "€ + Nk (7
=0

N, & #35 84719 947380 2718 n(f) 9 A5 8 FFT Feo)x BFL 00 BAE o) 2
Ak aen A9 AARE L2AA ¢ [mlE 4 [ml+o, [mlole D, dim]9 Fed wg 4

(FFT painol® E& D, =D, Lyt €™ ol0HE]. 43 wad st 719e o8
ej¢['”]=1+j¢[m]—%¢2[m] oz ZAgEn, Y, § kA A3d 1 9 92 HR sjge AsE

2en N, 9 3202 2890 5 ¥, =Y, , +Y, . +N, otk

1. I=k:
Ay g im] 1 & jgaim
— JPrpe LM JPrar LM
Yk_k‘Xk' Ze +D, _without {§} " 37 Z '
Nm=0 N m=0
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= aA Xk + Dk_ without{¢} + X Z(]¢tot [m] _¢tat [m]) +

m-O

Dk _without{p} N £ Z(]¢m:[ ] ¢tit[m]) . (8)

o AoA & F YRl kUM ATE BAEY HPAY FFoZ A JFo d-$3c dJo) g4y ¥y
olJzt YgAaR&e oz =AM Az thddE CPE(common phase error)dE, gln sfZd]

2. l#k:
a,= 2 ! Pa-om 1 ¥ Nl 4 im] P a-tym
Ve e ==22 X, D e eV +—ZD1_wi/hout{¢}Zej ot .e N
N =0 m=0 N 1=0 m=0
12k Ik
27 - 27
~U=kym 1 & Nt , JZ(-kym
== X Z¢tot[ ] e - ZDl_without{¢}Z¢tot[m]'e N )+
m= 2N =0 m=0
I¢k I#k
N-1 N-1 2 N-1
N J—(I-k)m 1 27 kym
J: ( ZXI Z¢tot [m] ‘€ N DI thhout{¢}z¢tot m] e N ) (9)
N f:([z m=0 N§=2 m=0
# #

S AdM ¢ & Rl kA AT AR IO kA AFE AW UuA Hn Azl

A FEo] FE inter—carrier—interference ICD) &g wrod, =3t Uniz] Az 504 d4s= HPA

IV. SINR & 4
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of
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e
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X
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filo
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OFDM/FH AlAelollA u]Ad3 HPAS 4de9 &£
SINRE o}eie}l o] 72t}

P
s _useful
(S/( + N)) yininy ZFP—:}: (10)

o71elA P, A8 259 BEAY, P = A3%SH vdy HPAY dFoz2 wyste Wl
_useful

s 4

A% 3 ¥ (distortion noise power), P & AWGNAZeo|t}, £49 HeE 93t Pp% ol g} o] o
N FRroz 2 o)

Pp =PI¢_s +Pk_D +})1Cl_s +PIC1_D (11)

A71NM B & kdA Aol AAelA A4zHEel g3 24 sld @4 (CPRIelT P, & kAR

_s

Mol ujAdE Fge Y&l 2¥sE= 7H4 A2 (Nonlinear Distortion) o] 5, P,C,_S‘—.:‘ A4 slglojAl s}
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AL FLoR kWA Azl FE A HRACDOIH, Py & A4 Aol Az BAHE

MY A AARSe YA kAA A5l WAL 24 HEACDOIT #88 xRS AN
HAo] EASHE +ANE BF AzAdolth. oyl P, & 4 BelHel o 459 FF Aoloh

3

P, =[E[X -gANZ_IeMm[mJIlZ =la,[* P _(e—za,)z =la, |- P, e 12)
s _useful k N ~ A4 s A4

opeii g Zrt.

Oy & jblm] IaAlz & imlsbaelm)
_ A4 JPwoe M f— e 124 RX
P, , =var Xk-N > e =P ¥ var Ee

kAR FHelo] AAdA st 24 BEE

flo

m=0

(04 _4q?
=I)s-u_.(l_e4¢) (13)
N
1 < j¢lal[m] ’ 1 —40': —40’3
P"—D =E Dk-wi'hvut{¢} T oe = PD_withaut{¢} ' ']7’(1"3 )Y+e ) (14)

A An-sheeleld kA Aol ulAE B HRELS obdA% 2ok Py . E 93RS

ggro] e W Y Flelold FF HPA A4 AY (single carrier mean HPA distortion power) o] th.

N-1  N-1
a ; l*—(l kym —an?
P[C[_S =V A Z X[ Zel¢tollml |aA .Ps . (1 40':,') (15)
N o N
12k
1 N1 A d-kym N-1 462
— G0 [m) —_ 40,
PICI_D = vap ﬁ,le_wirhouxw}zej e N - PD_without{¢} T N_"(l —€ ‘) (16)
=0 m=0
Ik

AWGNAY L otdigt 2ot P, 0t A8%S] EASA g W9 AWGN dgolch

P =F ;Zn[m] cetulm] g an

n n w;thout

m=0
HAdE HPAS A4S 935 &2 9 A3 of T4 S vlE otelst 2o

SINR= (S /(1 + N)) i 153
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2 402
IaAI -Poe

5 _useful
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2 402
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2
) laAl - (18)
Py
o[ (- ¢ R
SNR without {¢} });

ol7lol By FeAY P

D _ without {¢}

rlr

$3l= SNR# backoff FZ 3teA AE#oldE F3ho
AR %H[5,7,8]. HPAS] AM/AM, AM/PM B4 ¢ 278 HPAS €82 S(R) =4 otefd) 2ol a3t

PD_withoul{qi}% T

S(R) = A[R])- "%, (19)
- —E[S (R)+> (R)} ELy, 1/ Elx, 1. 20
2 R
My unontey = EQdr| 1= By | 1- e By | 1 = (BUSR) - faf” ELR* 1} 21
1
Py vithouttg} = ﬁ ) MD_without{¢} ‘ (22)

o17]]X m = generic frame index°|X k=0,--, N=1, m=I-, M°lth X, & ¥y, € A5 44

Holw R = YHANE AEZ EAo|th (18)4E o83 16QAM HZW4 & AHEE e BER(bit—
error rate) F4& ofelisl Fo] EHHTH({6].

Poom =2 e’ff{‘/*‘SINR] —erfc? (J—SINR] (23)

V. Simulation 2@ &% & E &

B E=FoME OFDM/FH FAANA®CA wdd HPAS Fd+ 4719 A33&d 9¥o=
S e Astdde BAsgd. B4 dd 9A, Fo5F 59 AN2¥ ‘—‘%*éol] ZA% ] A2
sevle g A% Foe 39 A" PNAA2 8 Fold A4S Ad Foe2 sgdot
o7]olA PNAIRAE +1 oln 3% g AFch TFEL dolHERT WMEAY =2 5 Uk
OFDM A8 7 &4 33%cdy € o £ =RoA: T, & 33 F7= 3x, f, & 29 F3
Aol &, Asst AL 23 Y& o f,=1/T, k. Aol FogE PNAAA 2719 o)
gl et o T, vtk dstgn. Fase dAY 38 ARES 93 #3E st B $AAI7
16QAMAEO 2 25 JA FHsdN sBstd A4 b B, ~J- f, olth o714 J =2/ ok
el AwrEed ¥4e s f, =10kHz , N=64, j=10 o]z} 7}g3td OFDM/FH Z3dd2
B,, ~1024MHz o\tt. PLL Fu4 4719 293A%e 53 323 T, 2o ¢ goo @k
7ol ARzl 3 k79 1/10 Bo #chn P a3EE A2¥ fevEE obst 2ol
43¢t OFDM/FH W9 B=11MHz M&ol #& N=64, 9x¥4& 16QAM, FHAIL®S 273
33 2A(f, =1/T,)& 10kHz, PLL &4719 28AA(t,)2 £001ms (F 0.1T,)22 7p4 &

N2® Qe wEa) dstd 14 299 42T R FR4 T8 AsdH g Aude
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A ofelgh Zol AxET.
B/2 B2
= [s,(Nar =2 IS (fdf (24)
-B/2

A7 S,(f) & 93@ee PSD(HY adEygUs)elw Be OFDM/FH digelw S (f) =

=]

I
I

)

td
o
L

g E47) 5& olgstE AAAA Y E= A9 83 A4 5t £33t olEF
oz AL £ YurH6,9]. B =EX FHA5£ 47|92 settling time < 84nsE AHSHE AgE
0.0Ims®th o] Zorn2 A2g o5 WHr} o 3t A4S B4 o 0.0080IT}. of2fe]
99 Fu5 FANE AMEET F Y44 BAke] 0.008°11 vy HPAE ZZ SSPASH TWTAES
LR E W AL AsE £

I™3~4E= OFDM/FH BAIAAHA 16QAM ¥HZWAE AR w uAdy FZ7je] udy
FEo T 4719 AREE fFA 9 As AsdAdES BP0 Case 12 backoffE & B]AdE
HPAS 94780l FAlol EAd= F$0)1, Case 28 47 S8 B0, Case 32 AT
backoff& ¥ HPAR E&Aste ZA$olil Casedt AE FHZIE AMEstn 4RIl EASA @
7Agolct, AMLE semi—analytical WHOE F Aot} -3 A SSPAE AFE3lT  backoffE
5dB8te 7% BER=107° & wF3al7] 98led Case 2& Case 42T} ¢ 2dBFEY SNR &40
2 Case 3v 9F 4.1dBAES SNR &4eo] A8 Case 1v ¢ 13.2dBAE &40l LA
SNRo] # Ao w2} distortion®] A:MAM error floor7t 2% I3 4004 TWTAE A43n
backoffE 12dB3t%& 7% BER=10"° & wZ3}7] 98] Case 2 Case 4Bt} ¢ 2dBFE SNR
&40 $AFT Case 3& 4.1dB FE9 SNR £40] B43H1 Case 1€ 12.2dBY SNR &4o] B4sto]
AA] error floor7t #A%Th 213, 28 494 & F ARl vdE AL AL EPHo=z
EAY wole 18 & MY &40 WASA AL F A Agol EFAHeE EAY W ddFezr
B A% Astddo] BAsd. AEHolH ZH8 semi—analytical A2F7F NE YXTE 2L EEH
g+ AU

om

e

122235 A ¢ SSPA with backoff=S, puaar=0.008 - Case | (Simulation)

------ # : SSPA withhackaff=5 without phase naise — Case 3 (Simulation)

1112 o swithout HPA, pnvar=0.008 ~- Case 2 (Simulation)

...... + :without HPA and phase noise === Case 4 (Simulation)|
— Senu analyucal method

0 5 10 15 20 25 30
SNR (dB)

1% 3. HPA(SSPA,p=2) ¢ A& &3 ogkslefae] 16QAM—-OFDM/FHAIAH,
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10 TWTA withbackof=12, praar=0008 — Case ] (Simulation)
:TWTA with backoff=12, without phase noise - Case 3 (Sinulation)
: without HPA, pnwar=0.008 - Case 2 (Simulation)
: without HP A and phase noise === Case 4 (Simulation)
:Semi-analytical method

107
24
w
m

10°k:

10 . '

0 5 10 15 ) % 0
SNR (dB)

% :SSPA with backoff=5dB, pn.var=0.008 (Simulation)
Q :SSPA with backeff=104B, prvar=0.808 (Simulation)|
+ :SSPA with backoff=15dB, pnvar=0.008 (Simulation)
— :without HPA and phase noise

Jytical method

—_ o :Semi.

# :TWTA with backoff=12dB, pnvar=0.008 (Simulation)

O : TWTA withbackoff=184B, pn.var=0.008 (Simulation)

+ :TWTA withbackoff=24dB, pn.var=0.608 (Simulation)
~— ;without HPA and phase neise

— —:Semi-analytical method

10”
[r d
w
[ve]
10°F
F-
4
10
0 5 10 15 20 % 0
SNR (dB)

3% 6. HPA(TWTA) & IAEE EdY &t 16QAM—-OFDM/FHAIA|.
—657 -



20038 s=MAIIES| ZEEtswHd =2% Vol.13, No.1 2003.11.15
Id 5= 16QAM—-OFDM/FH AlA®leld SSPAS 4d&ol FAd A8 = %% backoffl
27% BER =4S mQ Aot 2¥W 6% TWTAS 14380l Ao 4% o $FF backoff]
2718 BER SA€ 84 Rojth. AN BEo) us# BER §4& 97 Asted TWTANAM o &
backoffS Q73t™ AAEA backoffE Z SSPAE 15dBFE, TWTAE 24dBRE ahd uldd 3o
o3 SNR £4g AAY 4 Aok 2u g4 A% &4 U & 9t =& HPAY #lu3
g gaee B Adgoz A FANEY AHEHC] out-of-banddM FAMIHG A=

go] ™ @Wato] WAsiEY ol ¢ e A MY AHEH FE 2T ¢ ¥ ACl(adjacent

L_

channel interference) & oF7| A 71th
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