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Abstract In highly mobile environments assumed time-frequency dispersive channels, reducing intersymbol inter-
ference (ISI) and intercarrier interference (ICI) depends on the signal pulse shape. Biorthogonal Frequency Division
Multiplexing (BFDM) is an efficient modulation in terms of designing pulses flexibly. So BFDM can use Gaussian
pulse which is a time-frequency well localized. However, the Gaussian pulse shape is not optimized in every channel.
In this paper, we optimize the Gaussian pulse shape against the channels by maximizing the ratio of the ambiguity
function of the pulses. Numerical result show that the proposed method is effective for the optimization of the
Gaussian pulse shape.

Key words Biorthogonal Frequency Division Multiplexing (BFDM), time-frequency dispersive channel, intersym-

bol interference (ISI), intercarrier interference (ICI), Gaussian pulse

1. FZH = ¥T ME&BF v U THTY (IC]) I K 255 DORES AR
BLzoTws. MEREARE UTEREN TV S ELFH

ERERECBVT, RESEIRE T 2HH-AEAOH BOREE (OFDM) B, Y17V v s TL 71495 Z (CP) (1]
BEETIE, SVFRRACKBZHEMEWE ASD) L Ry TI—  BEDH-FAYRZ—/VERNHTLTISIZRATES

-221-

This article is a technical report without peer review, and its polished and/or extended version may be published elsewhere.

%PPY%E’%% rzgr%ilc E?’brle%:‘rlgEServi ce



Institute of Electronics, Information,

EWVHREEABH S D, ICI ZRETHILETERN. ETHIC
OFDM R/ OV R ZERVT WA Tz, AT MUY A F
H—7DREWV sinc Bicz b, ICLICEK 2 THPHERTE L0
5 DS 5 [2).

T L, pulse-shaping OFDM SRS ERZFRE O EISE
(BFDM) DEE A RO EN TS [3]~[5]. 2hdld
EERT- B OFIREDO BV VR EFHT ST & TISI &
ICIDEBLICENET R A TEZBEARNEL LTHLN
T3, FFC BFDM &, ¥ 7% vV 7HEOERMMOHIED
Wi, IVARETOBEBEENEVE VI FEASHS. FOT
&, K- AR OHIREDORE LAY ANV AZBRBTE L
WTE 3 [6).

ARETI, FERE-EIREBUAERIC B 5 BFDM THWS
HI RV ATIROR#ELZBNE L, TOFEZRETS.
EER UV A L ZER UV ADOKR- AR OBGREZRTED L
LT, RHEEMEIE (ambiguity function) ZHW 5. HEEHS
WATHWEHY 2V AR ERELT BT Lickd, &
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AL, FOWREBERET B 2 A VT IRGA— 2L E 8
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2.3 RER/ VA0S
AR VA LREERSRM 21129 Te b DRAEH VA D
771 & LT, Weyl-Heisenberg frames (WHF) [8] iCE W7z
Zibulski-Zeevi method [7], [9] ZF\ %
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EHE- B R ERICE VT, ZEEBRRDLSICEX
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Tﬁﬁz/hhﬂﬁ@—TﬂT+n@ (13)

TTT, hir;t) BEEEAIOVARE, n(t) ZmEEEEY
U AMETHS. BIEED wide-sense stationary uncorrelated
scattering (WSSUS) Zii/z L, BFZE A 27UV AISE h(r;t) &
ZFOMERE H(f;t) TREMIONS LIRET 5 [10]. £
T, BIEEIT underspread, DFE D v IV ORFE- B LT 1H
D7 E R T HELBI D 27maxVmax € 1 DK E S DL H
3 [0, Tmax] X [~Vmax, Vmax] WIEBWTEELT 5 LIRET 5.
S(r,v) ZHELREE & L, WSSUS @2 XD & S IRT.

E{h(r,v)} =0,
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(14)
file LT, Cost207 I & ZBERRE TV [10] 515G 5 N7 ELEL
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Institute of Electronics, Infornmation, and Conmunication Engi neers

frequency

© time

2 YUKW ay p D5 ap NDOTFEHERBT SEERH/TA—-Z
hi

3.2 B®ATFT—2VURIVEBERINT A—4

BB BRER T EBR U, EEEEENERS
HERN, ZEEBCBVTISI/ICIARET S, Lizh>T,
R (5) DERAY VRIVIRDE S IcEEZERS

dl,k = Z al/klhgj}ck( -|-TL/ (16)
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A1) THY, KADKSITERINS.
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e OBIRE 21RT. LU & k4 K OBRE, HiiBE
BE/3T A—ZITRERRIC K > TH L B ISI/ICL Z/RY. DED
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4.1 FREEMREK

BV R g(t) ERAZ/ UV A ~(t) IEFEERISME (6) Rl
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H5. EZE/OVZAOFFNCETHEEHEEE [12] KX HANS
NTW3. PHEEEBEEZRICERT .

Ay = [ 20" (= e (18)

g(t) & v(t) WREEREM (6) 2z HE, THEEEME
Ay g(r,v) ERROKRR-AREB OB TIRE A S.

Ao (KT, IF) = §i6;. (19)
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THEEMBBZ AWVWT, FMBRFEER/ IS A—% (17) 2RO
XHITRT.
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I nf ormati on,
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X3 ET.
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(21) OFE-FERFFEF—2 > VR ERLTEYD, HHEIET
DD >RV EDFBRITHS. of ZHLET—2T 2R
WO ES, oF % ISI/ICI DFEEH LTS, E5HUTHE

N Lk
G = arehyy +

Jitk (SIR) Z XD K S ICE&ET 5.

SIR = Z—% (22)
T,

0% = Blawkh i}, (23)

of = E{lax — arhyi’} (29)
—MERRS T Lz, (1,k)=(0,0) £ TE%. THEEMHHEEE

BWT, 62 & g BZFNFNROESICHETES.
0%::<Ei[75(T,V)L47ﬂ(T,VN2deV (25)

ESZ/ T, )| Ay, o(UT + 7, k' F 4 v)|?
(VK" )F
drdv.

(26)

S(r,v) I [0, Tmax] X [~Vmax, Vmax), 02 N TEELT
B, o WHEBEHATHEE LS. FAKIC, of XE
UT VT + Tmax] X [K'F — Vinax, ' F + Umax| (I, k') = (0,0)
ZER) NTHEZ L 5.

SIR(=0%/0}) ZRALT 2 H1EL LT, SIR OFETER
ENza R FEBZERIMET B Joint Nonlinear Optimization
PREINTVS 5. LAL, OHKIBEROEELRAL
RN THIZHENDS.

ARETI. S(r,v) DFEBICBIT B Tmax, Vmax DFH THIEL
EITZBHXSICHIBZEMLTWS.

4.3 YIAEVTINT A—ROREL

By URIVARE T T2 RAEZEETS. K3 126
B VRN (—1,£1) BEFE Y VR (0,0) NDF gz
RLTWVS., BEY VRN STEEZIZVER R (
[~ (T = Tmax), T — Tmax| X [= (F — Vmax ), F' = Vmax]) ZEET 5.
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BIEREOD underspread 2K 0, T & FIE T > Tmax, F' > Vmax
T, KR BEETS. S(r,v) MREICAS SIR
DEKAEDMD DI, FEHE R ADTHEERBEROT X VF—
BEMEIZHFEEEZS. FEEEEROIIVF—DZ
RADKHICEET 5.

F—vmax

T—Tmax
f*(TT Tmax) ¥ =~ (F=Tmax) |A' g(T V)|deV

"= I T Ao (7, v drdv

nBEVEE, Ay (r,v)| BEE RICERLTVWET Lick
%, (25) &b, THRVF—EHE of OEINCIKET 3. 5
IZ (26) &b, ISI/ICI B/ |A, o (7, v)| HFEE R OFMUITIK
WHFICE T 5. #RELT, (22) DSIR EEL &5.
EEBA Y 2OV ADRELERRK SIS LI ITRT T EN
TZES.

(27)

(9(t),7(8))ops = arg max7. (28)

5. BEzal—rav

CZTWRHEE W = IMHz © BFDM Z2&Z X %. Z#i

QPSK ZW, H—RA rEx—rUdRWEN. EEESIEE
NENT = 256u,K = 64,F = 15.625kHz, /VIVAE 6T %
DETB.

FIDITEERA T AUV R LRIRT %258 UV A06% R
T KA A ITNRTA—Z a=50x10"°% VR
B 6T OREEH Y VUV (EX) L ZE# UV (BR) T
HB. B5ETNEOEZER IVADORHEEHEZERLT
W5, K5 &0, TR E RS I TR A
WKL TWVWB T N gh 5. Ko TIDEEDOXRZER IV
AW ICT K0 ISLICTHERH B Z b 5. ARk, K6l
a=20x10"* LIVUVAE 6T OREZE/VAR, RTICTF
DOARMEEMERZERT. COBE, THEEHERBEEIIRRA X
DREAFEEARENR 2 TWAT eh s, BERTY VAR
ISI XD ICLICTEDNH B T &5

/14t/7n7x—&a:5oxur a=20x10"*
ICH L, Tmax = 404, Vmax = 500Hz I BT B (27) DfEE L
TENFNn=06633 & n=0.8322%8%. o=20x10"*
DBED 5 OFHHE D, TOHEE a=2.0x107* DFH
BEBICIYFLEHYRINVATHBLEERS.

VI alb—ya KHVS Cost207 I L BBERETIVER
81Z/n9 [10]. Cost207 DFHESH T 1T 7 A IV DZENENER
i - BSNER (K 8(a)), EeBEiR 7 & DL HEREE (K 8(b)) #R
L, K (8(c)) idMmsafl e LT ZHOBEEECEVETILE
£Y. AETEK 8(a)~(c) D 318X —VDFEEBETIVLD
FMZTTS .

X 9,10 IEEBET IV (a)~(c) IKBF B, ThFhg & SIR
BRY. R TS—BBHARY FVOET IV Jakes ETIVE
AWTW3[10). FRKRY 75— 7 MI2T 500Hz £ 9 3.
Flz, ThHRBI AV ITNNTA—H aD0.7Tx 107 H5
3.0 x 107* £ TOFMIC BT BEERLTVS,

WEE ) KBTBEERINT A =21 Tmax = Tus,
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