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Abstract In this paper, we conduct a comparison between the Biorthogonal Frequency Division Multiplexing
(BFDM) and the Wavelet Based Orthogonal Frequency Division Multiplexing (OFDM) in terms of intersymbol
interference (ISI) and intercarrier interference (ICI) reduction in highly mobile environments with assumed time-fre-
quency dispersive channels. IST and ICI depend largely on the pulse shaping of the signal. BFDM can reduce the
signal interference by applying a Gaussian pulse known as a properly localized time-frequency pulse with adapt-
able characteristics. On the other hand, Wavelet Based OFDM is known to lower interference due to its wavelet
basis. In this paper, we propose an optimization method for the Gaussian pulse in BFDM to minimize ISI/ICI by
maximizing the ratio of the ambiguity function. In addition, we compare its performance with BFDM and Wavelet

Based OFDM.
Key words Biorthogonal Frequency Division Multiplexing (BFDM), Wavelet Based OFDM, time-frequency dis-

persive channel, intersymbol interference (ISI), intercarrier interference (ICI), Gaussian pulse
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1. $AHE

EREEICEVT, FEBEIRE TICB 2 K- FIRE
BEKTE, SVFRRCXBFFEMETE (IS & Ry T5—
V7 MK BF Y U TRITE (IC]) I X BEBOEMEHLAR
B> Tna., GEEEANE UTHEETN TV S ERAER
#H7EZE (OFDM) &, Y427 VUvy o7 LT 007X (CPY[1]
BEDH—FAVRZ—INVERWSZ L TISI ZRRETES
EVSREDHHH, ICLZRET ST LI TERY. THIC
OFDM EHE/ UV AER T WA 28, ART MUY A R
O—T7DREV sinc BT Y, ICLICKBTFHMERTE LN
I SN H 5 [2).

ZHUIXF L, pulse-shaping OFDM PREEAZ NI 8IS E
(BFDM),Wavelet Based OFDM 7% ¥ DfE A RO T E
NTY 3 [3]~[6]. pulse-shaping OFDM > BFDM (K¢ fi-/E
FEEAIRORIBED BV VR ZFERT R L TISI & ICT O
EBE5ICEMIGT BT ENTEZREHAL LTHISNT WA,
R BFDM &, Y7 F v U 7 BOBERLEOHIEELN Rz,
TOVAREOBHBEENENE WS S B 5. FDT6, BEE-
AR OHREDORE R Y ROV ARBHT S ENTE
% [7]. Wavelet Based OFDM ICBH L T, EEBUCY 2 —
Tl FeRWBBEARNTHD, BUYA Ra—T7%M%
5T TTFBEEMHETEZ AR LTHISENT VS [6].

AMFETIE, - BEERICHT 5 BFDM THW
BAYRINNVABIRORELZHNE L, TOFEERET
B, AU ZINNWVAER, FORIREREST S A ETI8T A—
ZRZENER BT LK > TTHFSHEDRKENE(LTS. v
ARG A= 2 EREILT B0, REB VA LZIE
BV X ORER- BRI DO BR 2 R T ASHEE RIS (ambiguity
function) IZNX, BEBORKEBERE, Ry T5—v
TEFDZDDRTG A= NS. TNHIKEOFEESLET
BESOTREEREROLEEHL, ThEBRIETEHTR
TIVADY 2 AV TG A—REZBERT ST LT, BEL
TV BE - AR ECEERICB VT SIR ZRAILT 34
A7V ADEECRFTIEEL 725,

FRBTIE, AR AR#ELET> 2 BEDM OA%hER
9 %728, CP-OFDM & DWT-OFDM & O T4,
BZ21T5. CP-OFDM & IST ICTiE2 DA, ICT icmihidx
Wz, BFDM E[RERIC ISI, ICI £H 5 &tk wioEE
ARELTEZSNTVS DWT-OFDM & Dt#LIT5 C b
K&, B-AEESEEERICK > TE LS THBOREBOA
S ERRETY %

AEOBBIERDES1CEB. 2. CRYATLETIVERE
BV ZADRRE A ERIRT. 3. TIIRRE-EIRE S SRERT
FIVERT. BET 2 WERICET B ISI/ICI D& A A
IOVZADEELE 4. 1 ORT. iz, 6. TRV ARBEIIC LS
BIEMWHER Y I 2l —Y 3 VIcE > TRY.
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2.1 %X 1§ %

BFDM DY AT LETFIVER 1IGRT. Y 7Fv V7K,
VURNER T, Y7 UTHE F &£ LT, BFDM OX\—
ANV REEEBEXRNCET

K~

st)= > D argx) (1)

=—o0 k=0

-

TTTCap, By rRVERLICBDS kBHOY Ty U7
DF =2 VRNVEET (€ z, ke {0,.,K—1}). a3
iid TOV, WIES E, ThHD. EEB UV g(t) ITxL,
g1.k(t) ZRAD XS ICEET 5.

gl,k(t) — g(t _ lT)ejZﬂ'kF(L—lT)) (2)
EEE VAR D X S I EREE NS,
lolee = [ la(0Fde=1 @)

BEER OV, XRDOX S BEBEEOHY 2OV A%
Y-S

g9(t) = Bexp(—mat?), (4)

BRIEHIERE, o B33z AT RA—REL, HT AR
IVADRERIHTAOWEND BZRET BEDTHS. a BNEWE
&, BEAO/OVAHBENRD, B Y RILADTFH (1SD)
MRELAZB 7, FYTFY VT DARYT MU ELS
B, BEY T Fv VT AOFE (IC]) IKifEzRo. —7,
a BREVES, BRAROIOVADEE B8, By VR
AD ISLICTit 2R DIRE, &Y 7+ v VHLEEET 57
&, ICINRKELED. LW >T, o D% ISI/ICI @5 %
ZRLUIREREZE5A5CEHNERICKS.

2.2 ¥ 5 &

ZIEHTIE, REREE r(t) L2EM VA yut) = ~(t —
IT)e? R FET) » DNFEIC & > T, BHS VRV ap HIRR
DX ITEFAENS.

m$:m%w:[mmnma (5)

2158/ SV X3 Weyl-Heisenberg frame theory [8] i< & - T,
RAD K 5 I EEZR 2Rz LI b DRV,
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(91,5 (£), (1)) = 810 (6)

CTTSRRRDLSICEEINS.
(1=0M2Dk=0)

1
&&_{o 1,k + 0)

OFDM D355, 1\ (6) ZIERRHEM(g,4(1),9(t)) = 6:6r &7
%. DD, BFDM & ~(t) = g(t) £% 3 & T OFDM &7
%. (1) DRBREEME, TF 21 0EETH%[9. CP-OFDM
DIFE, CPEOD TF ZHBNT 5. TF OENKEVE (7)
2T NV ARE OBHENET. RFK THWS BFDM
T, Zibulski-Zeevi method [8], [10] &2V TZER/ IV A%
REFLTHD, TOFREHETE TF I 1 ZRWEZEOBETH
BZRENDHD. TITARTIE, BRLEVETHETF=2¢&
BELTWVS

3. KfE-BiKEI B8

3.1 JBEBEFIV
AR B IR OB ERIC BV T,
5h5.

r(t) = [ T e(rit)s(t — P)dr + n(t) )

(™

ZEESRBROIIICER

TTT, c(r;t) BEFEA VOV AISE, nt) XmEtEaay
T AMETHB. BERIE wide-sense stationary uncorrelated
scattering (WSSUS) Zi#i/z U, BEZEA 27UV RISE c(r;t) &
ZOEEBB C(f;t) = [T c(r; t)e > Tdr TRHSII 5N
BLRET S [11]. AR T, BEKIE underspread, DE D ¥
VO -ERREA M D572 2R BELBIED 2Tmaxmax < 1
DRKEZXOHEBEIK [0, Tmax] X [—Vmax, Vimax] PIC I THGEL
THERETS. TTT Timax QBERORKEERR, vmax
BERARY 7S —AEEERS. CTTREERY -7y
REEEK h(r,v) ZRRD K S ICERT S [12]

h(r,v) = /00 (i t)e 7P dt. (9)

S(r,v) ZEELEE S L, WSSUS lfEz2 XKD &K 3 ICRT.
E{h(r,v)} =0,

E{h(r,v)h*(7';v)} = S(r,v)é(r — 7")6(v — vy o (10)

3.2 ERT—2VVRIVEBERINS A2

BRI BB B 2 @B U 7218, REESIIRHERS
HRsw, ZEESCBOTISI/ICIARET S, Lo T,
R (5) DEHAY VRIVBRDOE S ICHEEES.

~ VK ’
ar = al/k/h“ﬂ +n (11)
U, k!

ZZT, n RMERSTHY, h;kk, BEMEER/ ST A —
2[13] TBHD, KROESICERENS.

W = [ [ e @mdr. (12)
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R:[—(T—fmax),T_Tmax]
X [_(F_Vmax ), F_V mar]

interference region

[Osfmax] X [_‘{nax ~Vmax} )

2 PRV VRIVOETSEE R

;DTEL%ISI/ICI%T@_ OED h L‘i ay k! }J\E alk
MIETTFHTHBLEVHAST &iﬁ'f%%.

4. HIANIVADRE{L

BE/ISIVATHWRHTZIVAD o 2E U IEICERET
3728, WMIETEZE/VVADEIRE a DE(LICHE-> TELT
5. Lizh-> T, EZE/IVVADIRE FRICELRT 30BN
HBH. Y AECYITNRTGA-RZOREILDI=D, FHETIILL
ToXZHNS

fT Tmax fF Vmax )|Avg(‘r v)|drdv

T—Tmax) (F—Tmax
f_ j_ |[Avy g (T, v)|dTdv
ZTT, EEBVUVR g(t) LZEM VR ~(t) OFHEE MR
BERDESICEHREINS [14].

) = [~ g (e~

B VRV RETEBII2RAZEETS. K2 3B
BYURIL (-1,£1) B S5RET VRN (0,0) ~NOT#E
RLUTWS., BEYVRUVASTHBEZTAVER R (
[ (T — Tmax), T —Tmax] X [~ (F — Vmax), F — Vmax]) BEET 5.
B{EREOD underspread WIEX D, T & FIET > Tmax, F > Vmax
il 2, HE R BEFET S, S(r,v) HEICRS SIR
DOERIEDOND I, KD n ZEIRTZT L TEER AD
FHEEMEB DT F—rEhE 85,

EEBH T ROV ZADBRHELIERRD XS ICRT T EHT
x5,

(9@,

(13)

TYe 2L, (14)

V(t))opt = arg max 7. (15)

5. Wavelet Based OFDM

ARETIE, EZE L% BFDM & ORHEILE S L LTHR S
Wavelet Based OFDM [6] I DWW T DM EZIRT. Wavelet
Based OFDM OEEBBIZT—/3AT 41V & g(n) ENAI8A
T 4R h(n) = (~1)"g(L—1—n)(L:g(n) DRFIE) OB
F—T 4 INEZ (QMF) N> 7Ic k> THELNS (K 3). Wavelet
Based OFDM O i % H DB hi(n) 1& QMF IcED =%
ROK SIS

% g(n/2%7) «

. * g(n) (16)

hi(n) = h(n/gk) . g(n/Q(kfl)) .
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— 12w

12 |—gn)-
—112 F—{hm) 12 —g(n)
%il

3 EXIT—T1IVE (QMF) N7

data

data

B 5 Wavelet Based OFDM D ¥ A7 LETIV (GEEH)

hv-i(n) = g(n/2% ") x g(n/2V D) x % g(n/2%77)
% g(n). (17)

OFDM & Wavelet Based OFDM DX E#F K 4.5 ITRT.
OFDM ¥ 7F ¥ VTN ZREE L7y STy vy
ZEBICAT- 218, TNENOREEROY 4 VRXIEINS
(B 4). —#, Wavelet Based OFDM I EEREIC 7 v 7
TV TRENERS (K5). 7Ty 927 I FE i n,
&, XXOXS A A S.

2’£+1
= oN-1

BYTFv V7 OERMRIRAD K S ICREND (Li: T VAR
DHRINE)

(i=0,1,..N —1)

(i=N-1) (18)

~

{ha(n) % B (=)} in, = 3 ha(m)bi(m —nen)  (19)

3
Il
<)

= 5[i — K]o[n]. (20)

6. HEVZalL—3v

BFDM & Wavelet Based OFDM & O SIR $1:HE#%17 5.
T T TIHEIE W = 0.156MHz 2% X, 13 QPSK &9
5. YT7FPUTHIE8 £ 10 £ L, BFDM O 2 RIVEFRTIZ
FNFEN 16us & 20us, ¥ 7+ v ) 7HRIEZNZFN 15.62kHz
& 19.53kHz £ 75%. Wavelet DEEBEIZ db=1,2,3 D KX
40T —T Ly FEAVS, BERICBNTE, 7S5y
Tx—IVTFvRNE2HEDLA) =T =TV FF v )V
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B7 97FYUT7HI0KEBIBHTANNADY A EV TR
I A—ZDEEILE1T> 72 BFDM & Wavelet Based OFDM
LD SIR W (75Y N T x— V2V T F % XV, Tmax = Ous
Vmax = 50 — 500Hz)

ERCTRHELERTS. LAY—T 22—V VI F v 3IVICHE
LT, BRI 6.4us & L, 2 HOBHREEZLEFELVE
DLTB. 22—V OBERICBNT, Vmax DH 50-50Hz
ICZEALE R 7HED SIR OEE)Z L9 5 (K 6-9). BFDM &
K (13) KD T, Tmax, Vmax K L2 THRED n BHKICT S
a®5Z58DLT 5.

6,7 EZNEFNYTFX VTS I0DTITY b T 2—
YIFXYXIVTDSIR EZR LTS, 799 Tx—I 27
BT, Wavelet Based OFDM & db DEAKEV KR ¢
Yr—7Lv FEBIZE SIR BT METLTVS. R
T 41E db BREWZ EMY VRV R ST, BB mOF
BORELZBEEBRTHMY VRILADTHICDELSD, TD
EOEEREES>TNBEEZLONS. Eiz, BAKRYSS5—F
B2 BV TIRET 5 BFDM A Wavelet Based OFDM
XD SIR FENE->TWB T EAbh 5. BFDM 39 7+ v
V7 ERPEEILT B2 e TESRD, TOLSAEREES
e eEBEZoND. £z, Y7+ V7 REMEREC LI
&0, SIRADLITNIET LTV EDH 2 RIOHES S50 5.
P7FUTHOEIMCXD, Y T7F+ ) TREBHNIE -5
=2 e s, EFEEOBIC K2 THEANEERZLEZZ5NS.

K89 CEFNEFNY TFv Y THSI0DLAY—T 2 —Y
YT F v RIVTOSIR BRY. T TR, BERKIC X %R
ARDOFEBNETBD, 759 T 2—Y VTR TKE
ZSIRIETHRESNS. Wavelet Based OFDM ICBIL T, db
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Poh5, ThET7S5y 72—V VT BRBHEREEST
W5, BRIFAOTHINUTE, RIDEVWRRY 97—
Ty FERAWVSZLTRENmETACENEALNS. &
7z, BFDM & OHEICE U TIZEREE T BFDM MMEN
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