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Phase Noise Mitigation Method for OFDM System Based on Huber ML
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Abstract: One of the main drawbacks of OFDM is its high sensitivity to phase noise (PHN). This gives rise to
subcarriers phase rotation and InterCarrier Interference (ICI), so the orthogonality of subcarriers is destroyed. In
this paper, an iterative PHN mitigation method is proposed. ICI coefficients are estimated in frequency domain by
Huber ML estimator, and phase errors are mitigated in time domain samples by samples. The Huber ML estimator
is robust to the propagation errors. Simulation results are reported in AWGN and multi-path channel models,
which shows that the superior ICI mitigation performance of the proposed algorithm is achieved over the other
available PHN mitigation methods.

Key words: Orthogonal Frequency Division Multiplexing (OFDM); PHase Noise(PHN); InterCarrier Interference

(ICT); Iteration
1 518§

IEAZH 4 52 FH (OFDM) 3 A 22 3 475k 55 i 38 45 4T3 1 44
HZ—, BHENRZHEHRBINE, WETWH) #%DVB)FH
o2k Rtk M (WLAN) %33k | OFDM A O H AR . {H
OFDM RZE ¥~ = Ll S X AR A7 e 75 (PHN) 3 UK
ARPE IR A R AR E MRS S, B4h OFDM #:1K
B K (1 58 w0 2 7= 2 4 B AR A7 32 22 (CPE) R 0% 1)+ 3
(acn3, CPE 7EFTA B T4 F 5T R IR AL e,
1M ICL WISs ok R Gehe s, i iU e e, JGILAE
OFDM ZRGeK AR s A BIR 40 (41 64QAM), ICI X &R4E
()P R 52 ) B Ay 1

CE Y OFDM R4t PHN #1774k 2 R % [EXT CPE
BTV FIAEME o 01 SCHR[3)AF Aidalod b L A B S s 5 )k
HAE AR O i3 2] CPE [AlTh, JFAESIEEA T ARG A M3,
TSR B, B ZE . SCHR[4) A T R T A
FHB Kalman B CPE 57k, HJEi% 577 B4
BEZN ST, SHTRZRFWRIE. CHR[BIRH
TR BN CPE Ahih ik, %A T B46H N 40,

2007-06-15 Y £, 2007-10-19 /]
K EHARRIAIE 4 (60172078) % B iR

ARG, B TR R,

CPE Al vh i o, m 6 AR5 2 SR FRER 9 56 104 )
(BPSK, QPSK 4#)OFDM HRZMAETE, (H2 RGN %
RN R, WRA RN QAM JHHIN, #7818 ka4
W, X PHN 5 RIK TCT XL B8 152k 6
TEZBE T o SCHR6)FE T H R BE A VA ICT REL,  FEAEA
WM ICT, (Rj BB ATUCAME J5 Mk e e B B . 3
BR[7)6 ICT REGHAT MMSE flivh, MERERLTF, (HiZJ7ikws
&4 OFDM 745, SIRBEEm . SCHR[8) R A ALl i
ATV, AT A ICT 50,

AICARH T —F OFDM £%t PHN 51i&¢ ICT #4#lJy
1o FISCHR[S)IZAL, HEE TIPS *T ICT o AT IR
flivl, SRR TR TCT AN ER HL 4 3] s dal e s 1E A AN
RURARRLRZE . R PERE, A 0TI\ Huber yEi % AR,
PN T HPA R A B AT AR R, 3648 T
e B4R m . ASCRHRHIR 7 VETE AWGN A5 38 Al i
FIZ RAGE THAT T U550, &5 R WIASCR I I VERHAFAE
PHN [f) OFDM # 4t KA RLF) ICT i1 fg.

2 RGHREY
2.1 PHN #&#8!
ASCRHA LM PHNBA, B PHNEAR A Wienerid



76 BT 516G 8 %R

%31 %

.
t
o(t) = 2r [ u(r)dr (1)
A () IEBMETT 20 o B . PHN A5 AR
BRI o) = e, HLIHFMNIHE WG, 3dBH %A
B o KPHNERR AU ML, X T4 m HSOFDMAT 5
2 n MR A

mNy+n

Su(n) = > u(k) (2)

k=0
X Ny HOFDMAFSKIE,  u(k) & w(r) B B TR,
HIT#H o*, JTEMPHN % B X RERN
o> =27BT/ N, (3)

IX B 58 R BT #4E 7 PHNAH N T R 877 55 A8 4k 1) ) 51
T2,
2.2 777£ PHN #J OFDM {FS1&8!

WOFDMARSGH N AN IAT T8, RIEE R R A R
EXH

X = [IDv"’vxk;v"'7xN—1]T (4)
L3t NeIFFTAR R I B 3, RIEE S TR A
S = [507"'751\»7"'751\?—1]T (5)

Hors, = (1/VN) Y00 e L SRR INKIE A N, 1
TEIRRIARE, SEMuR % MR I . LM 2
RREEFE, IHEEIEOFDMMM A5 A1 FE M R FEAAE,
BB B = [ho, by, by | IRAER RIS A, CEE
0, HEHD,, L AEENE, JFHHL <N, g
WIREE () N MFFTAS, #o54 H=[Hy, H,,- Hy_| -
FERC, R O T MRS R RS, B sy
S5k ARE RO R PHN A 0(k) o 245CPJ5, OFDMIHS
B 5 (AR ROE T R A R BT

Y= [y(]7”'7yk7"'7y]\z'—l]T (6)
Horf

1 i, - j27kn /| N
yk = 76] * Z Ianej + Uk (7)
\/ﬁ n=0

v RFBIMEE E S, 6, £PHNS WA %% . Z£FFT
R I (R ACA I 5 D

Z =20, % vl (8)
e
141 CON-1 v
z, =— Z 67]27rkm/Ne]0m z anneﬂmnn/N + w,
N =0 n=0 ’
1 N-1 N-1 . .
_ ann Z 6'70'" 6_7277771(71716)/1\/ 4 w, (9)
n=0 m=0
A w, MR FFTA e, R L 2 5w 72
AL, B e = LI, $U(0)TS
1y Nl .
7 = — z e—]27rkm/NanH”eﬂnmn/N + w,
m=0 n=>0
1

N-1 N-1
= o mH, eI = . (10)
n=0 m=0

WO -7 B SE A AT, JEICT, ik i B b4y Ay Y v 42
JEAURRIEHE . AL AR, B e o= LI, A AR
TR BN T Je ot 244 iy e 3R 7 Beipl Bt i) 4k

2z = %Jianane-’o"’eﬂ""”(”’fk)/N + w,

n=0 m=0

1 N-1 N-1
0, 72 —k)/N
:ﬁi anHE:eJmeJ mm(n—Fk)/ +w,
n=0 m=0
N-1 N-1
= : :‘rl’.ancnfk + wk = xk'HkCO + z :zHH"C"*k' + wk (11)
n=0 n=0
n=k

Hoe, = (1/N) YN e, BOHCPE, 3IRFH T4k

)

*H’fﬁﬁ}(}f!ﬁ?o €y = (l/N)ZNfl 6jemey27rm(n—k)/iv ?'JEEBUCL%

m=0

H. PHNE SMICT T4 AT LAR VR &A T8I L ¢,y
R FZ AR . 3 (11) 3R B AT I CT R B3R 4l 17 15 2 1)
WFFTA, FIAIX— 5, SAURICTR ST FFTAE et
LA B SR AR 15 22 00 4
3 ARIIEHHEY Huber ML A%

MR AT DL, PHN 82 e i e v i 25 (4
P~ AR WA 55 ) AN TR], e BN () AR P B AL AR i, BRI
PHN (5 HHHEx 2 2% W (11)TTLAF L, PHN 5LEFE
R R T 30 (AR AL ERE (CPE), IF3IAK B I T8Ik
{1 ICT T4k 7EAEZEH) OFDM L BE T il & K A4
S 7 R IE CPER, T 2% ICT I 56m, {H% T
FBT B OFDM &4 ICT T A KRR, LR
A 64QAM FEAMFREIR OFDM RZENHI, TERZEM: L
S UL, AR 5 AL R 52 RFO FI PHN 20U 1 5T
FI L, AT CPE #M32Ja (128 2552 ICT M sk 140 K,
DAL AT DA BEXT ICT A s b AT A5 v AN, DASRE s Lk g

AR SCHRH PRI T I P B Y TCT B ARAN V- A0y
o WA BAIA LT RNHIE R (R SO S 1 Kk .
R F 200 e o S8 (L i 2 N 2R 549 ), i e S
AR BIHIEFIRBIE X = [y, Ty Ty )" o BEAFAE T
ICI R¥C h2d+14R%E, d<N/2, HIC =][cy,,c,
iy s Cyy) o REITAHR 2 o R A 2K

Z = [207"'7Zk7"'7ZN—1}T = DsC+W (12)
Hep
GQOQOO.QO ".;‘.’"”,*
gt e e lEMEARRIE
= 9 ® o 06 o 9 ¢ o o = g.‘;*..q*“#
E 0 e ¢ o 0 o 0 ¢ o T‘E “*‘*,‘MQ’
I RTINS B R O i > X
H -2 o o 0 o o » o+ o H .‘*’ﬁ’”"."
—4 e o © o o @ % o =5 "‘:*a’*"."
=6 e s @ o 8 P 9 o *‘ "‘."0,.‘
=5 0 5 —5 0 5
HHFIAH AR IR AR AL
(a) 7RAFAE PHN [RfF R 7R (b) 4£7£ BT=0.08 [f] PHN,
£33 CPE KIE 8 B

K1



1M TAENI%: OFDM FRGUAHALEE S 1) Huber ML ] /572 7
T Hy - oz H, Ty g Hy gqzyHy A (17) -2 (19) 15 2128 k K ICT RE 1AL HML Ak
TH, oz Hy Gy Hy_y o TH, o~ (DDl 4 pi-Dy-L pl-Dipy () 7 (21)
DS — . s s s
R(21)h WO It IBGERE, R
Ty Hy oozy Hyy Ty g o Hy g o2y oHy q(ry [ op) 0 0
MH] ML #EW), Atk C, fE&AERERL p(Z] C) &, — 0 q(ri/oy) - 0 (22)
M AR TG B d s, 7933 : : :
C= argmin||Z — DCHQ (13) 0 0 < qlry_y /oysy)
c

12 (13)43 2] C ¥ ML it
C=(D'D)'D"z=aG"'D"z (14)
X G = DI'D, 2y (2d + 1) x (2d + 1) 4R 1
M (1) AT A i ICT REGE I SSAR A R ZE ¥ IFFT A48
#e, BT LGS FET 48346045 21 I SO A0 22 45 -
6_7@. _ Ecne—_jQWnk/J\/' (15)

n=0
R Ead Al v 2 o0t X (7) BEAT AR AL R ZE 4 ME2, M S B N3k
fF9RTA
U = %
TG R G SE AT R . BATVAE, TS
BARHT A EA IR, SR SE RS DAL, BTN
P g AL T2 15 2] 7 (E (Outlier point), I H. 2 IRk,
SRS TE AW o 7 (B M AR AR S A AL U1 &5 AR5zt 3 s 25 T
2SR, RHAGTHPE R AR KIS SCER[9)42 11 T Huber
TEWE RS, SR A e AT IR AR 2R itk ML i o 4532,
DR LI ek 3B INTE AN KA s e 75 e, AT 3]
I FAEN E . A 10T REIERAG TSI Huber
ML J5ik(LUR iR HML). HML fhvHE R 1 5 br 58 50/
b

N-1
oy j27kn /| N =y,
e g z,H e +uy le (16)
n=0

7 i

_1
J= p[] (17)
— o
Horpr W 4YIR 2 (residual error), o, WUEFFFRUEZE, (o) M
SUERE, TG
- |nf* /2,
p(r) =
|- 5%/2, || >0

B PRI T, WAk —1 (k> 1) ISR B
ICT AR R 43 5 CF ) = (6 e el Y a0,
e TR XD = [z g DT, IR AR,
WA R R A

ln| <6
(18)

=z — D Vel (19)
Hoep DUV AERE DYV IS i, DY SRRk
(k-1 S(k-1 (k-1 (k-1
afH, - w{TUH, a ) Hy e i H
(k-1 (k-1 (k= (k-1
o' VH, - :EL5+1 )Hd+1 :UZ(V—(})HN—(I ‘Té 'H,

DED_

s

(k-1 (k-1 ~(k—1 ~(k—1
z](V'—l)HI\’—l "'Iéq )Hd—l l,I(V—d)—ZHN—d—Q "'931(\’—2)HN—2

(20)

o g, / 0,) B BB TR RO T, ek
I O I

q(n/al)_\n\an e/l > 8 25)

F e (14) A1 (21), W LAE 2 HMLE A1 24 T A ML fitit,
B R R 5 ORI B iR ZE e . R ZETTIR
B RIS M) B 0] ) PR 22 (0 75 B, —MRAE 0.25~3 2 IH] 3k
Bl MERERUEZETT LA A4S OFDM Hdi i wr S U555
BT BT

Bl 2 TR A P ARE 13- 211 TCT 28 ORI SaloAH 07 158 22
HSRAMAMLE, WTUES, gl S mse iRz 9w

I
= o

4 BERELERMSH

H T HF R TR R, XA SRR IS TH A AWGN
MZR(EEARSE FAT TG IR, (SR E R
4~ OFDM Wit 10 MEFFS . 2 MRS ARG,
AR5 30 4, FAEIRM S FHME N =64, Hhg
4 A AR N AT, RIAITR N, =16, %1
WPCRA 64QAM PHIT =, KRIMEEHRID, KRG %A
2MHz, FHEMFAN 2.4GHz. ZAMFEE N 6 BHiFFE, &
REFRIEIR/NFARRTSEIRG, 580 N AE—4 OFDM i
I A PR REAN AR o A T8 B SR A5 U MMSE A7
AR, XA R EEE R LS TRk . P e
R3]0 CPE A% 1F /715 (VL RR R 73 1) FISCHR([8] ATk AR 5 ik
(J71%% 2) BoilF A SCHE T vk 1k ik« HMIL J7VEHGR 22T 8
150 B STE 5000 K

Kl 3 & AWGN fFiE BT, HLEAIR SNR Tl
AEtbi. Mg LLE R, 757 1 1T 2% CPE #ET 4k
VERRMEE, ICT A EHNE], fEh s SNR B, R F 1
FEAR/IN, TCT 3 ok e A 1 L BRUR, 52m T B2l B
ASCH M ICT T3 HML J7 i) Bl SCHR[3) D7 245348 1
RHIE DL T RSN, MR ITE 1 A TR . ik 2
A HML J7iR 2 YORARG M Re#i A k20487t . R
Huber ML (3548777 ("R %8 HML J577%) thF R A AL 75
TG NPT REAR R W 75, 554K T W ELRHAS VT e IR S
Al st PHN # P REOL T 5% 2 AR5

Kl 4 FIE 5 R EZAMEEMEE T, H5AE PHN A7 967
BT 4372k 0.04 F10.08 W B4 v PERE LL I - A mT DU 3],
5{r AWGN {FiE 5 P g R84, ik 1 Mk,




78 BT SRR 531 %
0.18 10° & £ %

gg 0.14 e 1072 [1]  Piazzo L and Mandarini P. Analysis of phase noise effects in

=l A OFDM modems[J]. IEEE Trans. on Communications, 2002,

= o 107 50(10): 1696-1705
0.06 . . . [2]  Armada A G. Understand the effects of phase noise in

IR 1 10 155NR§2§,, / 1\/[35 0 orthogonal frequency division multiplexing (OFDM)[J]. IEEE
—o— ffit] PHN —— k1 Trans. on Broadcast, 2001, 47(2): 153-159.
e A% PHN i gz};; ig: ﬁ}t é zﬂt [3] Robertson P and Kaiser S. Analysis of the effects of phase-
-~ Hik2  EA2K noise in Orthogonal Frequency Division Multiplex (OFDM)
9 PHN 454 5 2L % He K 3 AWGN FACfi- vk g systems|C]. IEEE Conf. Communications, Seattle, USA, Jun.,
SNR=35dB, OFDM #:iff L - 64QAM I, BT=0.04 1995, 3(1): 1652-1657.
KA 64QAM I, BT=0.08 [4]  Petrovic D, Rave W, and Fettweis G. Common phase error
due to phase noise in OFDM-estimation and suppression [C].
10° 10° IEEE Personal, Indoor and Mobile Radio Communications,
107 Barcelona, Spain, Sept., 2004, 3: 1901-1905.

%1()’2 %1()’l [6]  Varma R, Athaudage N, and Andrew L H. Phase noise
1078 compensation for OFDM WLAN systems using superimposed
10 L o2 L, T pilots [C]. IEEE Communication systems, Singapore, Oct.,

10 15 20 25 30 35 40 10 15 20 25 30 35 40 2006: 1-5.
SNR(E,/Ny) SNR(E,/Ny) . . .
o i1 [6]  Wu Songping, Liu Pan, and Bar-Ness Y. Phase noise

-8 HML Fik %M1 K
—o- HML Jrik 318 2
- JiE2 B2
K 4 24 F PHN {filtEfE
ELi . 64QAM 4, BT=0.04

K 5 £42 1~ PHN ffiit-EfE
b5 . 64QAM 4], BT=0.08

KA ICT il M e B ar+ N T CPE RIEMTik. J5
52 R — U4 T ICT IR ERE, A S
HML M g5 4T , 76 5 SNR B UL AT ELJ7vk 2 5 2~4dB 1)
PERESE S XL 4 K 5, ATLUE B4 PHN B S 7 58 1
hn, HML J7yEamdit ge A R e at.

5 ZERiE

AR T —F OFDM #%: PHN (1) ICT ik ARHHI 572,
TE LA PR B AR AT A3 2 ICT R 4UH) Huber ML A3,
SR TOT Z 55078 e B I SO AR IR AR a5 AR A 8 22
Huber ML 151 NP T J el AL R0 Al - PERE 0 52,
AR RN PHN M BAT IR 1 & Ht: . AWGN f1£ 4%
GIEIREE T B4 R, A LA R PHN
S ICT, T RS,

[7]

(8]

(9]

estimation and mitigation for OFDM systems[J]. IEEE Trans.
on Wireless Communications, 2006, 5(12): 3616-3625.
Munier F, Eriksson T, and Svensson A. Receiver algorithms
for OFDM systems in phase noise and AWGN [C]. IEEE
International Symposium on Personal, Indoor, and Mobile
Radio Communications, Barcelona, Spain, Sept., 2004, 3:
1998-2002.

Marx F and Farah J. Iterative baseband correction of phase
noise in OFDM systems for transmission over multi-path and
AWGN IEEE  Vehicular
Conference, Dallas, USA, Sept., 2005, 2: 1006-1010.

Paul P. Robust Huber adaptive filter[J]. IEEE Trans. on
Signal Processing, 1999, 47(4): 1129-1133.

channels[C]. Technology

TR 9, 1974 44, WA, BT ORI R AR
B TS SRR

TRESEA: Lo, 1980 4EAE, MR, WESUT RN eI LE A T
KA A

Mape 9, 1967 R, #BUR, WAL, BRSO

I B TE R A B AR SE.



