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Abstract The pwoblan sof carrier synchon ization nM MO-OFDM commun catons systan are nvestigated n
the paper Based on a generalmodelwhere multple frequency offsets ex Bt between trangm it and recewve antennas a
special pilot allocation schem e-sub-band method for the estmation ofmultple different frequency offsets is proposed
to convert the poblan of mulipk frequency offsets estmatbn into a set of single frequency offset estmation prob-
kms which can reduce the canplexity M eanwhile thsmethod & efective in suppress ing the nter-carrier nterference
(LD and multrantenna nterference (MAD) and therebre mpmwoves the estmaton perbmance

Key words M MO-OFDM; fiequency offset estin atory sub-band m ethod

! \ M MO-OFIM ,
M MO , .
) M MO , (1Ch. ,
, M MO-OFDM ,
. , M MO )
, . OFDM (SI0)
, \ \ ) S0
\ OFDM , \
. MMO OIDM M F M MO-OFDM ) \
MO -OFDM, M M 0-OFDM 4
[L 2]
M MO-OFDM , . MMO =7

: 2005-03-0% : 2005-06-25



M MO-OFDM 111

, M M O-OFDM q
M M O-OFDM , ()= i (R 10 +K )0
nb
2 2 Q
’ ’ 2 h, . (qa,, (q) i () o= éh( )
. , 4=0
, OFDM . (3)
, : & (q )= Z Ny (i)e 0
s 2 M MO-
2
OFDM s 3 0
. 4 : 5 10" +q-4q)
. sin(p (/™" + q=q ) )
- [ . l) + -
2 M MO-OFDM (/s Osnin (/" 5 0-a ) /0)
M MO-OFDM 1 A
M N . Q , ¢=0Q01..0-1 (4)
IEEE802 11a  H perlan /2 , o . (3)
B OIDM m b
OFDM 1= [an (0) (g ) = RIS  (q IF)
T o
a, (1), -~ a,,(Q-1)], Q IFFT m + Z e‘f”@l"" (b= 1(Q+K ) /) 2 by (@), ()]
l m'= 1 7=0
m'Zm
Substream# w7 , N =
Pliot Symbols | ™ '\ \)4' ," RX Feimate =,
A0 a, (1" + 9= 4 )+ &4 (q) (5)
Substraam#2 i
N 7 S — . (5) :
Blook IFFT , \:.:‘\ :‘,‘" sz (MA I),
‘,',‘;"“\‘ {fm n)
Data Stream : ‘,::" ‘\:\‘ :
....... b] 3
Fi
T RX,/ Estmat , M MO-OFDM
OFDM SI-
1 MMO-OFDM OFDM  M=N-=-1 ’
. LJ—JEZ% (P =0 -1 () ,
¢=0 ’
2 q
’ FET K R’ ((]/) __1 % ( r/ (L.)e(—ﬂﬁl\’ﬁ} I “//+u,-|)w+m);/@ 6(—/5':)/()
(CP) , 1h = ik 1
IQ(Fl
cp —— Z e(ﬂ'}’\ L) i b QK ) ) )R
’ =0
/ 1 < (]2,3"” i (b= 1) Q+K ) 2Q) (}Q_l A .
—_— N 2H( q-q ) /
(=T 2 b (q)ay (q) ™4 E ()
(A =) (b= 1) (04K )) 4 4
(2i0) . =e hll(q)all;(q)[
g hm,n(([)a,n,b (‘I)e + n.a II(L) (f”']'— 1 1)) fflnﬁ"’—fi.“’»(b—1;(()+/<;)/()
A
i=Q -, 0-1 (2
hll(‘l)alb((l)l((fI = (1“
how (q) m n q %“
o (q) = Zhw L +q-q'+&i(q) (6)
(11) _ AL1) (6)
'ffm,n/ m n ’ A —Ja >
A h ’ ’ .
7 ' nn,l/(i) a 1.1((])(11,1; (q)
» > hy (q) a;,(q) Q
9 (AWGN). (2) FFT, ’ (l V) _ ML
ay(q ) Q. (6) 0 =

JA >



112

2006

IR' ()17 o Y

fl. 1)
. ) ’ A
IR (¢
SID-0OFDM
s M MO -OFDM )
MAT , (5),
MA] SSO-OFDM .
MAI , CI g
=q Lo, (" +q-q) ; ¢ q
2’ Q
> Q M 4
MATI s
MAI
0 [ 8] 0 ,
fz(m, n)
A )
Fo.(f" = IR (4 )IF 7
W= 20 IR () (7)
25
—8— Proposed Scherne
—e— Virtual Subcarrier Scheme
5 2R —O— Middie Zero Aliocation ,
c S —— RandomZero Allocation £
(7), 1 "
/((n( n) 25
© o1
08 R
0.5
’ 95 0423 02 1 0 ,1 02 03 04 05
, Afmn
[8] 2 0
O B}
0 , M{m. n) —
(Am,n) _f(Am. n) ,
OFDM s m
,m=1 2 - M, b=1
S, m ;b>1 , (m+b-1)°
modf ZQ S(ll(+]:)1n ol 3 s S
4
L1)
2 b fA
. SNR 0dB  20dB SNR
1000 Monte Carlo .M 4 {0.15
0.,0.20.25,B 8Q 64
0 4

guanl

2

S )

10°
0
0 s 10 18 2
) SNR/dB
M MO- 3
OFDM
, 3
4 | ==
OFDM | SR
3 g N
’ 10° J
o 5 16 15 2
SNR/dB
4
M SE
5
M MO-OFDM ,
, M M O-OFDM
[ 1] H Boleskej D Gesbert A J Paulraj On the capacity of

[5]

OFDM -based spatalmu ltiplexing systens[ J]. IEEE T rans
Canmun, 2002 50 225- 234

H BolcskeiM Bormgmann A JPaulraj Inpact of the propa
gatbn enviromment on the perbmance of ace-frequency
codedM MO-OFDM [ J]. EEE J Select A reas Commun

2003 21: 427- 439

A N Mody G L Stuber Synchonzaton HrM MO OFDM
systems[ A]. Proc IEEE G lobeCom 2001 509- 513

AV Zelst T CW Schenk Inplenentaton of aM MO
OFDM -based wirekss lan systen| J]. IEEE T rans Signal
Processing 2004 52 483- 494

HM Kaikhanechi E A Fan, B C Levwy, An nvestigation of



M MO-OFDM

113

carrier recovery techniques for space-tme coded M MO
w ireless systan g J]. Proc IEEE WCNC 2002 454- 458

O Besson P Stoica On param eter estin aton ofM MO flat-
fading channels with frequency offsets| J]. IEEE T mans
Signal Processing 2003 5L 602- 613

H Liy U Tureli A high efficiency carrier estmator for
OFDM canmunicatons| J]. IEEE Canmun Let 1998 2

104- 106

, 1962 s

.Email yx @ zte

can. A

, 1974 R

(LEF 1547 )

[ 1]

[2]

[ 4]

NT-GO050( ITU-T Rec H. 264/150 /IEC 14496-10), Final
draft ntematonal standard of pnt video specification
[S].

W kegand T, Gary J Sullivan G ] et al Overview of the H.
264/AVC video coding standard[ J]. IEEE Trans on C -
cuits and System s for V ideo Technology 2003 13(7): 560
- 576

Pan Feng LinXiag etal Fastmode decsion bHr intra pre-
diction [A ]. JVTGO013 i ISO/IEC JIC1/SC29WGI11
and TU-T SG16Q. § JVT 7thM eeting[ C]. Pattaya Thar
land IEEE M arch 2003

MengBojunp AuO C et al Efficient intra-predicton m ode
selecton for4 x4 bbcks nH. 264[ A]. In EME 03 Prwo-

[ 7]

ceed ings of the 2003 Intemational Conference onM ultin e
dia and Expo[ C]. Baltmorg M aryland IEEE, 2003 521
- 524

ChiaYuan Teng An mpmwved b bck prediction mode for
H. 264/AVC ntma-frane predicton[ A]. In Proceed ings of
Data Can presson Con ference| C]. Snowbid Utahk EEE
2004 569- 569

Jeon B Lee ] Fastmode decison forH. 264[ A]. In 10 /
IEC JTIC1/SC29W G 11 and TU-T SG16 Q. 6 VT 10"
M eeting[ C]. W akoba Havaii EEE Deceanber 2003
Changsung K, Qing I, Jay K. Fast ntra-pred ction model
sekction HrH. 264 codec[ A ]. In SPIE International Sym-
posim I'COM 2003[ C]. Orhndg Florda IEEE July
2003



