20254k s SLIstg| FAHISEEEsL B3|

Reduced-CP OTFS A& 3} 7]uk Z4l-dgoly %Y Al~ee] alw AA A

Ageta rlle] B4 FEATL

{hoon0337, sckim}@maxwell.snu.ac.kr

Enhanced Sensing Performance of Integrated Sensing and Communication Systems
based on Reduced-CP OTFS Waveform

Jeong—Hoon Park, Seong—Cheol Kim
Institute of New Media and Communications (INMC), Seoul National University (SNU)

8 o

B =572 [SAC (Integrated sensing and Communication) A]Z~8lelA 118 %= OFDM (Orthogonal frequency division multiplexing) 413 3}}
OTFS (orthogonal time frequency space) 21538 A A5g, e &l Agldl os) WAsk= ICI (Inter-carrier Interference)g} ISI
(Inter-symbol Interference)E S0 & H| 1 ¥418} 1, reduced-CP (cyclic-prefix) & -3} A28l akE A4 A% S3Hd -+ 9eS
Bolth ¥ =¥ol X A|ASh= reduced-CP OTFS Az} 7]uk EA-go|r] dA~eE doe] 424 delay-Doppler (DD) %ol mjs}aL,
249 FAM 9] 585 FaFgoEN Aast B4l DL AN S FRE 4 glon CPE v AEult) vHasiA] ol g *‘—374101]*1 S
ZEet), B = A AAJSHE AlETzt A4 vaE F4] ISAC Alz"olA] AEek 51y M she]=2lelS AAstaa} gt

[.A2 7A271‘V“71XOFDM[n7m] panf-mT,) [t

) . P OEDY —F—=¢ rl—m (D
A AAS FA 3= ISAC(integrated sensing  and m=0 n=0 VA s
communication) 7% 2.7} 6G2) M 2& 7|9 =R BAsta Qlow o] ol N, N, T,, Af, Xpppplnom], v( - )& 242 8 Zeed 1) A

&5
k401 265 00 92 0 R0 A WVL g ks, 9 9% PR T CP S0 OMDM 41 29
O

L7 71E A 2] 52 384, 2 AEE, fast Fourer  Rukgawizh 217, na) Hukgasiel mus) Aol el Holg
wansiorm (FFT) 7199] g dhedlol 7 el OFDM A%, A2t $48 btk RE 42uit CP7h 37bE)E Full-CP

(orthogonal frequency division multiplexing) 7I¥FISACO] &3] A+ OFDM Al2=8le] AN T s, (1) E The3} o] F@HTh

2 A el bl e S R @73 ol A+= ICI (Inter-carrier interference)oll %

watth= A7 9L fHO}Oi AlRtel OTFS (orthogonal time s, () :{
< delay-Doppler (DD) %o 4] #

e(t+7T), i ; {%J <1’TT. (2)

s

E
0

frequency space) % 7] x(t) , else

90 QAT EE o5 2 AT AGE AL ERE A 1, T(=1/AN)E Helhel CPe) o] 0] it
AR L e ol CPE ALgake S0 928 B0 06 015 WA T, = T+ T A

Aol freld 545 Bl [2].

o,
i)
e
j>j‘
2
o
t
we
s H o
p‘L
[
@)
,_]
e}
%
rr
o
ﬂ

] g 2 =R 4Asks OTFS Al~89] baseband A&t th&3} 2o
/A 4 B, 2y A Go 484 olgp7 ol o], ISAC Aﬂ wae .
oAl OFDM#9] %5 5% A5 AAA o2 vl al- 248 1 g7} 9lr). = o |t

Im,orps(t) = WHEUXOTFS[WW]*?J T(*) ()

I &2 oltf, N(=N,), M(=N,)& 27 delay %493} Doppler %99
D #AzR Y $4 s 2d grid=g ov] @}, DD oA Wzsh doje) AR XPPeCh M
& =rolMs 40719 40717 reference A5 E AR SFHITIL7F hverse symplectic finite Fourier transformo] ©J8iA Al7-F3}4
gt o] monostatic #leld AlAFleAE WALl Ao, 9] HloE] AR Xy F X PR 72 walelt). of7)o] v 4 2oj}
bistatic #lolt] AlZ=§19] -9 A4l Q3 reference 55 ok CP7h 271 7o) ol 3 Zelolo] 5k CP7h 27hH = Reduced-CP
ggoleal & & 9k 7MY Hkgsl, DCAES e d null WS, .

gl

OTFS /\]—}—\—%]/] %:\_}\\_]fi 3()1’1.‘5( )E‘ E]"_‘q' 71—0] —L?ﬂ%q [2]

windowing, ~L 2] PAPR (peak to average power ratio) ¥} #&1 ¥ 3}=.9] e
o ol $& WAl LS, o4 ¢ OFDM F& OTFS Hshe 4 ()= r( L o st —m D) )
Sl wfo] A deS Hlargt), B =2l A A s OFDM A2~ it Tm:11—1
cP
B9 baseband Al&+ The¥} o] mda) H) [1]. +r T, Y T orpst+ MT—m 1),
P m=
~Tp<t<MT

0217



20254r Stxgdst
(2) dolt] A4 29
& Ze) el M B A, S, dolt] WAL WAL deterta

7HE o Al goly fAlNE Ade g, K79
BP0 2 RE whAlE o] A5 down-conversion $¢] baseband
AT w02 2(1) & sl o3t o] mdWL,

K—1
y(t) =Y o™ s(t—1) +2(t) .05
k=0

=

=

O]”Hy S(t)% SOFD]L[(t) ;_6}_8_ SOTFS(t)—Eé EHEE@]—U% Qp, Vy, TkT: 7"11‘7"}—
EA) ELY] Ba Ad o5 R W] Fulg, 4B A3 Yol
oy sie}, oju), e}l 9 u Aol T2 WA gt
@t CPE A7t 428 @ B3 WEE ye oV o)z
reshaped FEL Y, CPE 7S 44 215 WEE s lgn
¥}

(3) OFDM #loltje] 441415 2z} 2D-FFT7|w A&A 2 74
WA OFDM #loly A1 Alg mde- thga} o] gawt)

Y= jakDNr
k=0 ‘
old, D,(f)

g

vy —
r&)ijD}g( Tr)X ormD (T +7..(6)

— diag{leﬂ"fej4”f ejzn(a—nf}% oJn|ait} 9]
AN T A DEEL SAYZ o AR Yol =Z A
Mol Q13 ICL, A5 Yol Anit Uehbs w3e 94 Wo|g
vtk mebA, S Aok Al WA DYEE o] gkl Bl Azt
F2 43t} o] 4L 2D-FFTZ %3849 4 glon

= U 2o (10

G, :F];cl((FNCY)@XOFDM)FM
olmj @+ elment-wise divisionS LFERALE

13}

pal

[¢]
A

A7)

(4) OTES d#eolrje 44l
BB E A (6)3 2o
np /A 2 2D-FFT 7]4F

o%o}z] 7-]3] Ery g /\.!_QEE—].%

&, OFDM dAeldlst
+4% 5 ek ol B
( ) oﬂ/\1 X()FDWEH 1_]

A 2~®1e- reduced-CP

Xormss 283t &

]}\E’ﬂ o }\Lﬂ 0},\,\#3& o]

=4
o
= T M

ey
+ 9.
i

k=0

A 4 ©)e 5
Eplel Aeet &
w29 ol 993

K—-1

F D MTr)F stz ..(8)

>~

go 7

9. 2 MF (Matched filter) & =3
st ZF A9}l o) Fdste dio],
~AEHL T3} 2ol Fo7r)

\H

—

FzguD 1[(M TT)FNMS Y

Jako.

.9

o]A

Ll

(5) Algaold A%
Ageo|dol AHE sherlEs E13 2k e A2el w2 ISI%
Sxd] W2 ICPF golr] A4 Aol of| dFE mA=x dela]

slal Z7ke] Qo] A 2 A9 A 23, F 4744 A9 el

Algdolds st Algdold Ak 4(9)] MF 7]k
Ag-&% F4 78 reduced-CP Al2=¥& AME8L9 ol e E75fal
IS ICIel 2la) B Aol 28t Fethe As 29 +

021

uhm

o,

9lt}. 19 2D-FFTE A}&-8H= Reduced-CP OTFS #lojH
AzEe o (S Ee [Clo) 93 ElFle A4 A

A4 5ol 43 d3tEa
Full-CP OFDM #leJtj9] %= ICIell <f A vt el
dalgs g 4 gl

24 Aol

#*

60 GHz
64
781.3 kHz
1.28 us
50 MHz

& 1 OFDM/OTES #lolt} Al&gold vjetvlE

N=N,
Af=1/T
T
NAf

Low IS, low ICI High 18I, low ICI

&
S

K S A A
— — Reducsd-CP OTFS+2D FFT
— Reduced-CP OTFS + MF
——-—Full-CP OFDM + 20 FFT

&

=

~Reducad-CP OTFS+2D FFT |\/

—Reduced-CP OTFS + MF

———FullCP OFDM + 2D FET
True velocity

5

A

Peak Power [dB]
&

Peak Power [dB]

&
E

10
Velocity Index
Low IS, high ICI

16 10 15
Velocity Index

High ISI, high IC!

R
&

ba S i L]

— — —Reduced-CF OTFS+20 FFT

— Reduced-CP OTFS + MF

—-—-—Full-CP OFDM + 2D FFT
True velocity

50 55
Velocity Index

" g

b
C

N Ly
— — —Reduced-CP OTFS+20 FFT

— Reduced-CP OTFS + MF
Full-CP OFDM + 2D FFT
Trug veloity
45 50 55

Velocity Index

Peak Power [dB]
&

Peak Power [dB]

&
s

45

g

oAM=
20

I,
2

mrkrnm

OFDM A%
ICIZ #4082 A5 E
71 ICIell A%k OFDM @
OTES Al &3} 714k A A A] 2~
o|& fl3jM & 2D-FFT tﬂﬂl
of 30, OTFSE =) ﬂy_ﬂ
i}, Sro R o) el A= OTES A
Az A 7Y E s AT st e, &l A
glof A o] Aol Aget 93s deshs d 7]9E 2oz 7))

=

Hdsla Al EY

3Jr7l

3

\__'—l

ACKNOWLEDGMENT

o] A7 2025 A E AT B AjlV1ew e

ol o8k 45-94(20014098).

FaEd

(KEIT) 974

[1] J.-H Park, et al. "Intercarrier Interference Mitigation for
Communication Compatible OFDM Radar." IEEE Transactions on
Vehicular Technology 73.4 (2023): 5930-5934.

[2] R. Hadani, et al. "Orthogonal Time Frequency Space Modulation." 2017
IEEE wireless communications and networking conference (WCNC).
IEEE, 2017.

[3] M. F. Keskin, et al. "Integrated Sensing and Communications with
MIMO-OTFES: ISI/ICI Exploitation and Delay-Doppler Multiplexing."
IEEE Transactions on Wireless Communications 23.8 (2024):
10229-10246.

8



