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Abstract: In order to satisfy the requirement of mitigating interferences caused by MB-OFDM cognitive radio
systems, a type of coded-modulation scheme among two, four or several sub-carriers, is proposed, which is derived
from side-lobe interference expressions. Based on this method, the side-lobe signal of MB-OFDM decreases quickly,
and then the frequency notch, overlapping with other radio services, is deep enough. Consequently, interferences
from cognitive radio systems is decreased, and the coexistence with other narrow band radio services is realized. In
addition, theoretic analysis and simulation results show that the coded-modulation scheme has an additional merit:
when SNR arrives at a certain value, compared with traditional modulation, much better Bit Error Rate (BER)

performance can be achieved over Rayleigh fading channels.

Vol.31No.4
Apr. 2009

Key words: MB-OFDM,; Frequency notch; Sub-carrier grouping coded modulation; BER performance

1 33

INHITC L i AR e X A R R 5 (K g, SR Fb
BOPE MR, S sh AR IS B, T AN BRI A
Tedkoll 5= A TR 2 St R - SR (DAA) P, A
BEARRAR AR L SR 7 R IR, P T B ABL
AR A, T EE S Xt B I A A 55 AT . B
MB-OFDM J5 A FARIC L ARS8, A2 R T LK1
Bpa, UMb 78 AME 1 Sa BB, T AAE
R VT B (KB b o AT il ke DR AFAE AT A A [ R
WRIEANGG o SCHR[B] 3R ARG P B 40 (K 3, A
R PR B P IUAE N AIC I8, 728 SRR I, H
SEARWH T B AT ANIE ATC 7B IE 7, SEHLE K L R

2007-12-10 ¥ 3, 2008-04-08 [

5 [ 88 R} 2% 5 45 (60432040,60772021) , b 501 [ AR Bl 2% 5L 4
(4052021), #E w1 13 4:(20060013008, 200700130293) Fl i [
A=A K2 TT F5E LI H (INHA UWB-ITRC) % B8

7% o SCHR[6,7) R AR AR -1~ e e A0 55 B AL B0 55 (00 R 1
JE HE R A AR 7 B A A A AR B A U2 AT A s SR 00
sy REERBEHE N o DR A P AN 1 B AR S K A5 S AR, AR
TRAEM S R, JUE SRR RS . ASCNECHE
FHSMEE, 133 MB-OFDM i/ T iEee ik, 4t
TR AN TP S SRR ANy 2. LA JE A
P 7B REPAS L DUAS T B B AT AT G A
A AR DA TGN, A ITTAIR MRS R, B A AT
AU HSCHR[6, 7] A2 MR 0 2 5 TR L SR A SO BT 21
(M) —FhZHOEFE, A A>T A T g i) 1 761 ) £ 2R
I3 J7 I AT AE IR AN E R, A A AR D ] I
AFARER A A R, ASCE QPSK At i, SR
16QAM LAt g i )77 0o 2T AT LA RAE W], A
Xt QPSK, A [R] B4 A% i i A AP 35 Sk DR F - AR
16QAM 755 [H] fRK [GBH B sk, A AWGN {538 BER 14
REARZE, HIRAHFI IS DAL 2 AN LRI A, IR SR



%43 (7B

FE&A% MB-OFDM A KIJC e H e AT DIt i i i 8 161 75 9 S LR g 2)

AT 879

SRR, AR5 75 i N RS AN EEE I, A
M{1F Rayleigh {51, IAF—E M SNR J5, BER fEEER
BT IR RS

LN BB MB-OFDM A8yl B e RIAR, 1
BEHEA E A IR RS R B R s R i 7 v, SRS 45 Hh
g iR H 70N MB Beist IEEE 802.15.TG3a $#2iXff) MB-
OFDM UWB I 3% K ooy M LU o e Jm Wi 2Bl 1 ol ) 1%
5 R A BEHEAT B2 23 BT R B L AL

2 MB-OFDM F &k 5 A% A58 %l
2.1 BT FIER

OFDM 5 B T Wi S LLER A
N-1
() = z,(t) + 24 (t) = g7 (£)) [(am cos(2n(f, + f,)t + @)
m=0
+b,, sin(@r(f, + £,)t + ¢)| (1)
JUT, 0<t<T
JiEPgT(t):l " o v oa, b, SRR
0, HoAth

PR R R BRI ARG, X T QPSK,  a,,,b = {11} .
Xof 3 (1) RO [R] 543 50 A ol L o A 4, IO 4 1T~ a0
9y, XoRHA

w—w, —w,
Z am JT sinc [*T]
m=0 2
~exp(— J(wpr*wm)XT/Q) (2)
BAw, T =(m+1)x2r, =(2)PUK:
sin[ _pr—(m—i-l)WJ
(jw) |= Za 5 w2—w —w
m=0 — L _nT7
2
[sin Y T]
-exp jim+Dr Zam* m
m=0 - r m T
2
‘ w—w
X |sin L 3
Z\/— —w, —w,,) [ 2 ]‘ ®)

3 (3) RIS 2 Al [ 3 o ) e P2 3Rk 5 55 1 U 1R 5K
BIEES, W R AL R B, R4 R0 43 oy S0 D A
RERIEENL, AT . BB Sa BREIN Sk
WL/ w, WA TS TR A — DR 1,
fHEAIHEN RS L IAFE—FIOR R, ) DU 0 46 i B2
IR R 1/ w®, 1/ w®, o IEATO R R
2.2 FHIKASHBERIEN
AR T BB DA TR A 577 20, 20
LB gm AL i 7 UM QPSK IRt S5 .
(L) MAST 3, WHRERRN
) + !
\/T(wpr —w,) \/T(wfw
(ay + a)w —(a, +a)w, — (20, + al)wo‘
x/T(w —w, — wy ) (w — w, — 2w,) ‘

*271’0)‘

p

(4)

May +a, =0, W41/ w TR
2)ANFEB:, BmERNY

i

VT (w—

4

s

n ay + a3 ‘
\/T(w—wp — 3w,) ﬁ(w—wp —4w0)‘
WV M ay + 0y + ay +ay = 0 I, (8% 1/ w® ZE0,
R FER 30, + 20, +a, =0, L1/ w® TR
2.3 FFISHEE
P AR QPSK I, —ANFRITN & 3 i — A
PERRE L, RS s i 77 205 IR A7 308 485 71 AH [+
HIE B LGS, BT LAELA E] QPSK MfE B L Hdi e, (A1) &
FNEAS G A SR VU HEHT7 50, i 16QAM, %41 14
b, I BB URHE R, oAb A A X L R
FE, R SRR AN P . Si4h, UM AH TR Loy
15 RAEA ) T80 RIS S, 330 T 0 i oy SR 1 3k
Ko AR TR EARGRERIERE . AT, T30
Sy gD IR QPSK I DRSS, KK 1,
(PIASTEB LS. B EAAES QPSK [ F4T)
MG, P58 IR RN ) = V182, a, =
—V1.8z, Mz Jglel 1(b)rh AR AR A bR {£1 /2,1
/3v2} .

w, — wy) w, — 2w,)

()

iy P
S

(a) QPSK (b) 16QAM

1 QPSK, 16QAM AR

2)UAD TP A G W EAREE QPSK AT
HANSENS, Y73 BRI B R AL o) + a; + a,
+a; =0, 3a,+2a;+a,=0. Way,=pT+qs > o=
Pty + @@ A ay = =3(pem + ¢0m1) — 2piTo + a17y) 5 ag =
2oty + qo1) + (21%) + 17) ©

MRS, PRI LIS, por s g0 ¢ 10
WEAME—, EFEp,=¢ =3/5,p,=¢ =0, XN aq, =
3z,/5,a, =32,/5,a, =—92,/5—6z,/5, a; = 6z, /5+

3z, /5, HHay, x AE 1(b)h AR R {£1/ V2,
+1/342} .

R EAF 508 S BT LLAE(4), X(5) FEmmtk,
WIS B FEARTHR 0 F -

3 FEHIESHARmLIATIE MB-OFDM &L &
ELER o #7

A6 MB % IEEE 802.15.TG3a #2i0[# MB-



880 BT 514G 8 %R

OFDM UWB %> Tillf 128 T8k 528MHz 5 95 145
o SRR RS 72, X R B AT AT H R

Tz 56 80 AT FFAA T 8 A8k, L 33MHz (17
WO AR LA A e 5%, IR R TIE, sk
WA, KMIX 8 AN akik, ME 2 il LLEH:

(1)QPSK %1, 16QAM, 2 F &kl 4t HIA 16QAM,
4 B0 G el R o P Ty 2 0 2 A/ S DR P A I K

(2) B 2(a)QPSK I U F, 7225 AR 1R VR 3 AR 3]
20dBm; & 2(b)16QAM, 2 THisk gL RbI T, Sl gz
I 40dBm; & 2(c)16QAM, 4 THIRGL ST, Sk
it 40dBm.

> A i
] l o ';

SR
(dBm/MHz)

—100 PPh el L L |
3 3.4 3.8 3 3.4 3.8 3 3.4 3.8
Hik (GHz) S (GHz) R (GHz)
(a) QPSK (b) 16QAM, (¢) 16QAM,
20 GRS 4 R T

2 AAMEIRECER . R I 8 TGS IR VR L EL L

4 TEE S BRIGIFF IR RIERE ST
4.1 FFSFHIMX EEHR

BB RIEIRSE S I OL T, AT, il
T I AR RO FIRAEI, SIEFP A o IR PA & 1R N 22
R o

L
Ple— 1) <]] 15K
FU LK -
IN,

KL o —ap
IN,

(6)

-exp|—

E, .
1+K+4N |z, — 3 [

0
E, WG Wk FE G IS e, K & Rician 518 HH 5
BREH S RMEE. K =00, XN AWGN {5, (6)

Pz — ) < exp|——= -z 7
(. — ) <exp 4N0;\z | (7)
K =0, XN Rayleigh {518, X (6)2H
L
Pla— &) < [ [—=— ®)
sy B s
4N, T

oL Fx0r g5 i

(DAWGN f5itd, dizb(7), JEFIZH kR 51 2 1)
(1) 35z 71N T- 77 BR IR 5 4R o

(2)Rayleigh ik fEiEt, m(8), J@alEHREH)T
1) 2 18] (¥ £ AN A [RLSE PRI AN B L, RIS ) o7 22 8 7 4 g LA

31 %
AR P g
(3)Rician FHEEY, JPHI 24t X (7) R (8) M
R R IR e .

SR T AR RN, B 16QAM J2 B8 S fEES E QPSK /b,
BRI 2 AR 4 PRSI 16QAM 55T
YR /NER FGEE S B QPSK /S, FTLL AWGN {518 T iR
PEREEE £ T QPSK, LA FXF Rayleigh 1518 NP RENEAT 4>
M, RH 2.3 WS4

QPSK i, IR ZE M2 AN

. 1 1

Fopsi(z — 2) < = = o )

14 B |z -2 1+2x E,

4N, 4N,
16QAM, 2 FEBAMISIRS], AR 25 MR BN

. 1
PIGQAMZCAR (x— $) < H 5
1:1‘21_‘_ s ‘l‘l _il ‘2
0

- (10)

2
1+ Px0a
4N,

16QAM, 4 F3p gt i, AN K ZH R By

R 1
Pqaucar(t = 2) < T E
12341 4 B, |z, — 2, [
an, 't

1
T F E (D
1 5% 0.08] |1 £ %0.32
14 B xoas 1+ B o

0 0

HRAE(9), QPSK il J5 (1 ot ZE 4 HEZR |- J7 B 5 1 L
FIHGR S 1/SNR FEG: MAR4E0(10), 16QAM, 2 FHkgm
L R 1 P Jet 22 M 2 T SR BEAS IR LE M K 52 1/SNR [%
% MR (11), 4TI AD I A Rt ZE MR L b
fEME LG L 1/SNR P 8] 1/SNR * B&AG (552 5k B
K), LY SNR BEKB|—@ AR, RH 16QAM, 2 T3k
WA G 4 FEIEMIL IR R R L ASET
QPSK R%. XFHEZ—EM SNR I, T30 A gmis i
Hl s 2R R v LU T R R 4.

4.2 HEHE

T AR HIR QPSK  HIEI i RT3y
AL, FH 2.2 WHREIS

QPSK #'5 a = (z,y) ;

16QAM, 2 THEMEAHMTFS ay = (V1.82,41.8y)
a, = (—V1.82,—/1.8y) ;

16QAM, 4 THBHUEWTF S ay = (37, /5,3y, /5) »
a = (37, /5,3y, /5) » ay, = (=97, /562, /59y, /5 — 6y,
/5)s a3 =(63,/5+ 3z, /5,6y, /5+3y,/5), Hha, yh
B 1(a) T B SREDARRR s s @ By, sy, AE 1(a)
AN SR B 1dhr=1,

M 3 (iR Ak B M2 vl LG e (1) 7R RFFEUR A5 5
WEAZR, AWGN (51T, 16QAM THIHA &gt



o543 ¥ FaSE: BE(K MB-OFDM A RIC L s iy ST (K G B 1 1 77 ik A SLPE RE 20 B 881
0 0 — b
b b FEILFR i
107 .
1072 PN s oan
%10‘2 % 2 % X l_ﬁk
—4
107 10 [1]  Zhang H and Kohno R. Soft-spectrum adaptation in UWB
1074 1078 impulse radio[C]. Proceeding of Personal Indoor and Mobile
0 5 10 15 0 5 10 15 20

SNR(dB)
— QPSK
—©— 16QAM, 2’1 2Lk 2 & 4l U 1
—A— 16QAM, 4 1 2% 4 & 4l R 1
(a) AWGN{5IE (b) Rayleigh{ i

SNR(dB)

3 B YERE AR

P REA N 5 QPSK 252 (2)Rayleigh {518 T, ffidF SNR
BRI 16QAM 3 I8k 41 A G i 14 4 PO T8 0 2R B ALK PO P 7
F QPSK. # SNR EF| 7dB B, 16QAM, 2 F#ik 24 %
T 8 1 PR 18 A 26 T LR I AR IR T QPSK, 7E SNR 14|
10dB B, 16QAM, 4 Tl AE gt il 1) a0 R Mg AR
AL T QPSK, 7£ SNR i&#| 12dB Itf, 16QAM, 4 T3k
ZH A5 A T I AT R VR R T 16QAM, 2 FRIRA
AamiiEE . %G R A 41 WHIONT, POEA G E TR
P REN 3 AR 2.

5 ZERIE

ASCEKT MB-OFDM ASIGEE R 54 14 B 3h A5G B
JEL L G 2 AT R B 00 L 1, BB A7 AR A i b 5P i 22
K, $RH A— 8 PR AE ) — AR T g AT ], DUk
SR E, ANIMANTR 2255 nakdkss, EHamd ep+
T ERBE 7k, T SIS 2 i TR 8ok &5 T LAl il o
K TIAE TR H R4, BRI M OB G BLF R, AT
HIFRS, TEABACEIRN R AT TS Il % B
1F AWGN {518 NMYERE A T R %, {22 Rayleigh {518 N EITT
DASRAS TE A (R b ek e . SR A N RS R 2 R R
BRI, (5 1E B Rayleigh T4, BT LLESZBR (A
LN RS T SRS .
Bt ASCH R BRSNS EB iCHIP #F 7RI 2B,

2]

3]

(4]

[5]

(6]

(7]

(8]

Mo R

FIFEL:

JH

Radio Communications 2003, Beijing, China, 2003: 289-293.
Chiani M, Giorgetti A, and Liva G. Ultra wide bandwidth
communications towards Cognitive Radio[C]. Proc. of EMC
FEurope Workshop 2005, Rome, Italy, 2005: 114-117.

Wisair. DAA_ WP.pdf. http://www.wisair.com/technology
/detect _avoid.

Ryuji Kohno and Ken-ichi Takizawa. Detection and
avoidance based on soft-spectrum adaptation of UWB
interference to existing radio systems[C]. 2006 IEEE Ninth
International Symposium on Spread Spectrum Techniques
and Applications, Manaus-Amazon, Brazil, 2006: 435-439.
Yamaguchi H. Active interference cancellation technique for
MB-OFDM cognitive radio[C]. 34th European Microwave
Conference, Amsterdam, Netherlands, 2004, 2: 1105-1108.
Green M. Adjacent frequency coding technique for decreasing
multiband-ofdm ultra wide band interference to other radio
services[C]. IEEE Sarnoff Symposium, Princeton, USA, 2006.
Shelby K A, Chiang J, and Lansford J. Modified adjacent
frequency coding for increased notch depth in MB-OFDM
DAA /Spectral

Conference of Cognitive Radio Oriented Wireless Networks

under sculpting[C].  1st  International
and Communications, Mykonos, Greece, 2006: 1-5.

Periyalwar S S and Fleisher S M. A modified design of
trellis-coded MPSK for the fading Channel [J|. IEEE Trans.

on Commun, 1993, 41(6): 874-882.

55, 1979 4, R, BT I A A R T A
LA To Bt RN AN TC R .

5, 1978 AL, AR, BT I b A Sl A P i
L& N

Ee 55, 1945 9, HER, ARSI, BERITUT 0

LIAE fFT b



