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Abstract: In orthogona frequency-division multiple access (OFDMA) , closely spaced multiple subcarriers are assigned to
different users for pardlel signd transmission. An interleaved subcarrier-assignment scheme is preferred because it provides maxi-
mum frequency diversity and increases the capacity in frequency-selective fading channels. Carrier-frequency offsets (CFOs) be
tween the transmitter and the receiver destroy the orthogonality and introduce ICl and multiuser interferences. A subspace-based two
stages searching agorithm is propased in this paper for estimating the CFOs of al users simultaneously in the uplink of Interleaved
OFDMA systems using only one OFDMA block. Compared with existing CFO-estimation a gorithms, it does not need the a priori
info,such as the number of users and their occupied subchannels,so it is suitable for the case that subchannels randomly assigned.
Simulation results illustrate the high accuracy and eficiency of the propased agorithm.

Key words: orthogonal frequency-division multiple access(OFDMA) ; carrier frequency dffset (CFO) ; subspace; normalized
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1 (Inter-Carrier Interference: ICl) (Mu-
, WMAX (World interoper- tiuser Interference: MUI) . ,
ahility Micronave Access, ) , WIMAX ,OFDMA
. WIMAX , |[EEE
82 160" 802, 16e!? OFDMA (Orthogprd
Frequency Divison Multiplexing Access, ) . OFDMA (Carrier Frequency Cff-
OFDMA OFDM , st :CFO) ,CFO

(f-1C1)

OFDMA , ,
(31

|EEE 802. 16d 1l

:2006-05-23; :2006-11-09



630 2007
2%. o
OFDMA :
Xo [ S
OFoM ! (m) sm (m)
dag ) xa) Hoth
’ - T | S I 1o - g fEitim t)
: Fom & IFFT| .
OFDMA B @ e SR
’ B | 4|52,
OFDMA x| |
CFO B 2 Interleaved-OFDMA LATH#ER & S HL4 4
OFDMA , Q, ,
Block Interl eaved (31, 1 P=N/ Q Interl eaved
, ‘ {a {9,Q+q,
; ,(P-1)Q+qg,q=0,1, ,Q-1 m
. Block g™ xEs L X, X
rer g OFDMA P ,
{ X{M} 2o N { Sgn S
, (Mul) x(m =0+ g™
SLIRELE PR+ q (1
[} [} 9 0
(CP) , N OFDMA
FI 1 i 2 il M {r(n}No Qx P
t T T b r(0) r(P-1)
] ] ' Ll Pl _| (P r(2P- 1)
Block 75 ¥4 -
22 =92 Z&efd B r(N- P) ((N- D7 gup
-? ’K—TM f—“{ < =VS+ Z=V{U (BFp}+Z (2)
’ l i ’ | ‘ 'J | : Shur ( );V:[v(l),v(z), ,
lnterleaved)‘fli‘ii- l V(M)] Qx M ;S=U (BFp) ;U=
B1 FRESET® [u®: @ U™ Juxp: B = [ 0@ p@:
Interleaved b™luxp; Fp P X P IFFT ,
, , [Felak=€"%P:z QxP
[9] Inter- (AWG\I) , 0-2
|eaved- OFDMA
, Cao- Turdli- Yao (CTY) , y(m o ym o pm
v =11 g7 " ejm(o-l)e("“]T
' , g™ = [1 Ei':ne‘”“/ P g (P- 8™ Pl
, ™ = [ H™ X{™  H™ X" HE” X" ]
CTY , Him OFDMA ., m
: (pR+q™) ()7
2 Interleaved OFDMA (9] g™ (-0.5,0.5) m ,
2 Interleaved-OFDMA DMy, . Af
[9], N M , s(m) € (m) :Af(m)/Afe(m) m



4 : Interl eaved- OFDMA 631
: 0.5)/ Q]
e(m) :_(_QM)_ (3) s ’e
Q 0:c=0.7 Q. (MU-
3 S0 , :
3.1 r(n)
(2) , Interl eaved- OFDMA Mfﬁa—;ﬁ&ﬁw
=Y ,B8Y
[10] 1 __
, Y IR
, 6 (Direction of %'”ﬁw
Arriva :DOA) . v, ,2 Y,S, Z I ,1=1,2, 5 m‘ﬂ;@%ﬁ "
, P, Vi=Vs +z.y m{ == Alc'ﬁw”ﬁ-*]- {8,,=0.001/0) pj:r
¥l X 7
: B | \mpas vaso, BRI || g
W= [y yi] = vov+0? (4 SERARNE
@ = E[ss] s I QxQ (61"20‘.1/Q)
()" . Y Hermtian f?{;gﬁ;ﬁ?
[10]. W Q H
M , = M3 PR
)\12)\22 Z)\M >O'2, (1)
Y;
)\M+1:)\M+2: :)\Q:O'Z. )\1, :)\M (2) (6) W,
s Y ' '
A AUS @ W . Q
M+1, 7 Q )\12)\22 2)\Q,
U z V¥ ) 2z z
i i 4  AC MDL ",
CRE (5 M Aors Ae -
1
Pero (@) = I a"©@) U,u"a®) Il 2 (5) U, :
@ _m(o- 18 (5) Pro®) O [(0-0.5/Q,(Q-1
a® =[1.e™, e 6 " +0.5)/ Q] 0 8,0 = 0.7
MUSIC .
o Q. Pro®) M GRS
PCFO( ) :{e\l(_m)}rlr_l.
Y x P P =1,
o " © (6 () ,
’ 4" =B{". Q+0.5 (7
1 oH_1 : H ( )
W= pYY = p |Z Vi yi (6) Poro (8) 8™ (g™ -
W u, 0, 0.5/ Q,(q™ +0.5/ Q] ,
3.2 o m 8, =0.00V Q.
3.1 , Pcro(0) 0 ;
{e(m)}m:l {G\(m)}rl:]/lzly () o m;( |
, (5) | 2 Pro®) © [(&™ -0.5)/0Q,
Poo®) 6 [(0-0.5/Q,(0-1+0.5/ (4™ +0.5/Q] 0 8, = 0. 00V
Q] o, Q, Pero(0) g (m
By -
3 (3 (8) m :
( ) . Af‘(m) zg\(m)Af:(@(sm)_ q(m))Af (8)
AIC  MDL [t [ 4 , [

Poo®) © [(0-05/Q,(Q-1+



632

2007
3.3 4, [0246],
a®) U, ‘Qx1 Qx(Q- [0.15 0.05 - 0.15 - 0.05]. 4
M) , (5) f(Q,M) =2Q(Q- 5
M) +Q=2Q°- 2QM + Q
, 100+1 ; , )
1001 M . , . S ,
[1001M + (10Q+1) - f
[9] (Cty ).,
(1000Q + 1) wf : *
, (1000Q +1) - f ;
1 ,
9]
CTY 3
]
3
1
4 (109 [8 (10% |12 (109
N=2048[ CTY 6.40 4.35 2.30 5% o7 045 02 0% 03 05 04
Q=16 1.67 2.22 1.75 Or=(q+£)/Q
N=2048| CTY 58.37 50.18 41.99 B 5 KRR
Q=32 7.89 13.06 16.18
4 :[0.150 0.049 - 0.150 - 0.050],
4.1 (NRMSE)
, | EEEBO2. 16d [
. (BW) 20MHz , N = )
2048, (cP 256, QPSK,
(w_ (wz
f.=BW-8/7, At 11 16kHz. Buavse =y Z "Z[g Ep ©
[12], Tm5:1-4js, n (m)
6. egm . , 500 :
4.2 Q 16. ,
(CrRO) 6
4.8,12
Interl eaved CTY
16 (Q=16),
40 10°
<< CTY method(M=4)
20 --0- CTY method(M=8)
& CTY method(M=12)
o l 10" —o— Two stages method(M=4)
20 I H L&).] —+— Two stages method(M=8)
" s — %~ Two stages method(M=12)
3 10 g oz
2 2 10
i | |
-9 0 \ ;2 10'3
-20
\A——v‘—v—f\-} 10 . L L . L
30 i i 0 5 10 15 20 25 30 35
0.2 0 0.2 04 08 1 12
oo é"")/g SNR/dB

B4 AR PR R

Be6 IEMIMRRZEMR, HANEAHR 4,8, 12



4 : Interl eaved- OFDMA

633

) CTY
. 4
, NR ( 10dB) ,
1%, NR (3dB)
2 %. )
7 CTY
2.8GHz , Matlab 7. 0.
Q=16, NR=20dB,100
10’
E 10° I
=)
-9
Q
-3
810
A
<
—+— CTY method
—e— Two stages method
10? . . . . A
0 2 4 6 8 10 12
number of users
B 7 8 CPU BHREI AN H
CTY
5
Interl eaved
OFDMA ’
Interl eaved- OFDMA
[9] cry ,
(MUSIC) ,

) OFDMA

[1] IEEE Std. 802. 16d. Air Interface for Fxed Broadband Wireless
Access Systems[S]. New York :I1EEE,2004.

[2] IEEE P802. 16e/ D12. Drat |EEE Standard for Loca and
metropolitan area networks-Part 16:Air Interface for Fixed and
Mobile Broadband Wireless Access Systems-Amendment for

Physical and Medium Access Control Layers for Combined
Fixed and Mobile Operation in Licensed Bands[S]. New
York :| EEE, 2005.

[3] M Tonello,N Laurenti ,S Pupadlin. Analysis o the uplink of an
asynchronous multi-user DMT OFDMA system impaired by
time dfsets, frequency offsets, and multi-path fading[A]. In
Proc | EEE Vehicular Technology Conf -Fal[ C]. Boston,Mas-
sachusetts ,USA :1 EEE Press,2000. 1094 - 1099.

[4] T M Schmid ,D C Cox. Robust frequency and timing synchro-
nization for OFDM [J]. |EEE Trans Commun,1997,45(12) :
1613 - 1621.

[5] JJ van de Beek ,M Sandell ,and P O Borjesson. ML estimation
o timing and frequency offset in OFDM systems[J]. |EEE
Trans. Signal Processing,1997,45(7) :1800 - 1805.

[6] P H Moose. A technique for orthogona frequency-division mul-
tiplexing frequency offset correction[J]. | EEE Trans Commun,
1994 ,42(10) :2908 - 2914.

[7] 3 J van de Beek,P O Borjesson,M L Boucheret et d. A time
and frequency synchronization scheme for multiuser OFDM
[J]. |EEE J Select Areas Commun, 1999, 17 (11) : 1900 -
1914.

[8] S Barbarassa,M Pompili , G B Giannakis. Channel-independent
synchronization of orthogonal frequency division multiple access
systems[J]. |EEE J Select Areas Commun,2002,20(2) :474 -
486.

[9] Z Cao,U Turdli,Y D Yao. Deterministic multiuser carrier-fre-
quency ofset estimation for interleaved OFDMA uplink [J].
| EEE Trans Commun,2004,52(9) :1585 - 15%4.

[10] , : [(M].

,2000.
ZHANG Xianda,BAO Zheng. Communication Signa Process-
ing[ M ]. Beijing: Nationa Defence Industry Press, 2000. (in
Chinese)

[11] M Wax, T Kailath. Detection of signads by information theo-
retic criteria[J]. | EEE Transactions on Acoustics, Speech,and
Signal Processing,1985,33(2) :387 - 392.

[12] O Edfors,M Sandell ,J J van de Beek,et a. OFDM channel
estimation by singular value decomposition[J]. |IEEE Trans
Commun,1998,46(7) :931 - 939.

,1978 )

OFDMA
. Emall :fand03 @il s. tanghua. edu. cn




