{kschang,doori,msk,woncheol koyj} @etri.re kr

Core Technologies of an Integrated Sensing and Communication for Ultra-
Precise and Ultra-Low-Power Sensing

Kapseok Chang, Yongsun Kim, Minsik Kim, Woncheol Cho, and Young-Jo Ko

Electronics and Telecommunications Research Institute

a ok

an

BowEEe B4 W AW J1%e B £8dE ISAC o] EYHE 6G ol FEAALH solN 2AL-zAA
WS GG 8l i ETRI @ EABZE A4 A

= gl 281744 ‘CUPPS(Communication-assisted Ultra-Precision ultra-low
Power Sensing)’)®] 7|WF 7] vhEth fAslao]l e #ACA nAL-AEY FeE: ISt 57 Vsl
AAA 719k 7]sola, Folxl AR A Fukg Aol A Super-Resolution A1 A EE EAs= Al
hag]Fol FHA 7Nk T]olrh, o] #F VN YmEel ek HARe A 1 FEAdS A gTh

1. A& F@ET 27 A=g FrIs 8 S DA =
TRP(Transmission Reception Point)®} UE %} “Fo]3dt
6G ol Ae=E 7Fs2do] ¥ ISAC(Integrated Sensing and hardware ~ impairments % <18  CFO(Carrier Frequency

Communication) 7]% 6G ©] &5 FAIA| 284 XR A Offset)t PhN(Phase Noise)Sh 72 o1 dof=r2 HA el

W rEgY, AnE ANEg 2Es, &5, UE 7} TRP o %7 #H&E Al F4 &7 Zg=rt
FQ18¥7](UAV; Unmanned Aerial Vehicle) Ao}, &3 Astlel UE of wiEje] &R S7keh 4 latency 7)
ghe] = =49 AlAo] WAl thakst Au|a Tao oA A 7] ol#3 EAHS SF5387] 98, UE 7}
A4 %2 Ae¥ Aom AgHrHiME. wEde T VIS Agdel dd @gdde add
dz=, 28 1 AN BARAA AR AEF §7] AREES GASEF, TRP oA FAH=
programmable | Alo| we} ¢3}= 91X 2 AGV(Automated T7] Ales AdskE EEAQ AS Wwel w7
Guided Vehicle)AMR(Automous Mobile Roboty’} Z7e — 71E3 ®Held 7 dw wwie] 7] 7les &
eukel W cUPPS 7Wb AW 2AA A4 Esers  ww ol AR of Zlwe] AmA ZIE Zjzelt
ggeto] Folles FHsAAY Hujolo] WEA FA o, TAFeR, F&om AR Qe
2REo] Yst= ARt dgte A4S FA}EF St ol EE AT Y] Fiha AL AgA o]0l ApFe A
2ntE AE 2Fst AH 27t s Zlo|th 24™ S A8 AHEskE GHz 3o Fu A
s oot 2P 66 core etk ‘ﬂ? 2 g glth uebA, AR Faks AL shlA
W VAR/FSK-embedded Non-3GPP backscatter module %Sensingapplicationsewer Eg@gi /\]Z_].' X]——ﬂ% /\]—-g-é‘ﬂ ‘T\‘Iq‘zl\‘oéo—dl T":_L_H‘- S

o
FAAA A (eg. ADFAAAAD FH) AT
L A

/ l/ﬁ\ Mdstes b4 Ao "98d A 9y
2

94
G AEAY 7140l Arh o] 7%e] Tl Ak 7] %eltt,

) ot oo £ wmaelde CUPPS MY A=fe 71 7jEE,
1. ' N A A deld 4 wdel B 4% A
o B e sAd A7 9 weEe Ads, B
A9 A AsAY Ve Add Ay A

H J

Conbeyor belt
(responsible for programming the
task instructions for AGV/AMR)

I 7% 7l 1 4= Zd &7

3GPP sensing link

Keamast TRP3

— A Az AA 718 57 e
TE 1 2= AR AEs A 44 e CFO 9 PN % mEel &alsh pe 4w
o] o 2 =Tl CUPPS = # g3k AGgN= AN E AZE 57 AEEE wolWA F4
ol EAA S fgk TINE VlER gEe 2 THAE EAEE W37 A% Faaedd 57 AEE s
Aeretey. WA, CcUuPPS oA AAEE e ol At AAZIE Wl AlE b 9} ole] A
o F & AN "ol F7]st B &I AZHHE desired AN#Ex bE B2 A3 sholA Al¢k SS1(Synchronization
target O UWFH O I X UE(User Equipment)® Signal 1) 21% P(m)> 2] 1 3 ko] AA %t}

0711



20254 stnSAlst

0<evenm<M
b(lm/2)), 0<oddm<M

b(|(m—M —1)/2)), M < evenm < 2M

b(M —1—|(m—-M—1)/2]),M < oddm < 2M

b(lm/2)),
P(m) =

b,(m) = —b,(m) °1L P(M) =02 ZHAL 7IA1, M
&7] AS7F AMEShE F FakE ko] dubel| &detal
Sl

Hlo]x  AJfAR thE A3 o] B4 AEx
ZC(Zadoff-Chu) Al ~E #-8-kch.
bm) = e, 0<m <M @)

UE 9] Falgtol A F7] F=4A 1 A
ANzt QQake el e EAS zhe= Aol i3k 423k
ZH 3 2AEE e (713 8] Farsit)

B. 2843 & 7 5] Jle

Aot ¢ 2 d (Proposed Deep Learning, PDL) =2 3%
) o
shebule], celw A% A 8 2ol et gtk
O -
DL [11] PDL inpur 4900
1% Conv +RelU  Kernel = (32,1, 65, 4) 321 960
2 Conv + Rell  Kernel = (32,32, 65, 1) 32X 1% 960
[ 1 Conv + RelU ][ IHC‘“”"*R‘LU] 3 Cany Kernel = (1, 32, 65, 1) 1X1% 960
[ 2 Cone + Re || 29 Come + Ret | N R YT
Input 4960
[ 3 Conv ][ FC + Softmax ] 19 Cony + Rell  Kemel= (32,4, 65,4) 32% 1% 960

2™ Conv + RelU  Kernel = (32,32, 65, 1) 32 1 X960
FC + Softmax Size = 960 1x 960

™ 2. Alj Y B2E 72 32 S

a9l d%e ded B FxE SEES 479
Aol t-&3t= b E 9t output shape & UHEFWITEH
Hed 2l gz A driek 2ok WA, 4x960
Fd Pz w2 4 vlolEfol tis) 1H el shape ol
w2} 1 24 convolution layer 9 ReLU & =83+t U2,
oAl 28 9] shape o Wl 2 %2 convolution layer <}
ReLU & <83t} 191 5 Fully connected layer <}
softmax & 33 T output S A3}

PDL O #-&¥= =4 = 233 2 cross-entropy
&4 Sherolth

L(y(©,3(®) = 123 57 0i(D)logni(®) 3)

7|14, y(t)= WA sample synchronization point o A] 2]

one-hot vector = 2]V|3}al, training example tol] 3}i1}2
el Atdd AEE T 4EgE sample
synchronization point & 7| gt} 9(t)= PDL &ol ]3|
48 T d3%" AWA sample  synchronization
point ©|A12] index probability & <|W|dttl. PDL &
exgler FAs7] Yt hyper-parameter °F S

B7VE S sbEelE e 812 Falgih
710l BAREE Als AAeh Hed
7143t AsS nlal Frhekd &br)ep

S A 5]

gul

4
vl

DER

~—#—PDL: TOL-D - TDL-A
# PDL: TDL-D — TDL-C
# PDL: TDL-A -+ TDL-C
#—PDL: TDL-A - TDL-D
e TOL-A

10°
12 -10 -8 E ] 4 2 o 12 -10 -8 € -4 2 0 2

SNR [dB] SNR [dB]

a9 3. AAS 939 71 71e9] Bl A%E 45

0712

2| sHHISE=r=2H3|

LTE SS &7 7=
Az S

S 7FatH ek A kol . wh,
At Ss1 N Qi

A=
&
HE A A 5
IRY 4 Y= vl F3

1T 2 T o%

e SxE]l F5Al AeE FAAES 2kl
Abger A= Al Als 7 B 7% B E7HA
Age=oll Ag Efolw FA Aol dEETh o]
Hhal], PDL o] Q3] gh5A] A&d FAAEY o
Agds 2l AR As, S5, FAAd
& X (inconsistency) 7} A= A4 g-ol= 7] AIF SSI
A% AA 7 E7] ZlEel wlE] Adeel WejHel
AFArt, ARz o=2 ged <5 7n 7]

A ANG 57 ANEE AHR 2 A%

Signal-design
based synchronization

Deep-learning
based synchronization
5G 6G time

a9 4. F7) 7lesAd WA

AF7HAE Pl A s A B
A7 FROAFHJeY, gdoeRE e R

AR A BRES frHer WRuUM AHes
FEA7= HeEd 7lse] wAHE® Aot uwhEhA,
dow gl dzke: gl AdstEA 7] ASes
o ol7] Sfall, Az A #ia Hepd 2E 3o
A wHEHer Adgd Aeow, o] olF 6G 7}
Zefshe AR FelA JitE s dAAE V)htew
g Hed md o daeh e &% FHe At
A, AdA ez AAE F de shitel &%
o] 57 71ae slst Ees

Received signal

y(n',a) A
synchronization
Cross-correlator signal
R, (n,a) P (m) robust

against phase
distortion
Rvy Input of deep-

learning model

Conv + ReLLU

FC + Softmax

+
Inferenced synchronization sample point

o] paametors | Outptsope

Input (R ) 4% 960
15t FC + RelLU Size = 1920 1920
2" FC+ Softmax ~ Size =960 960

a¥ 5 8% 371 7led TR 4EY JTHVE 94

U dolEz 4R AT FEe ofat Aol
SAolty @Al st ol A AR sk 2ol
oxelel A AR TAAY mdn el U4
Seree 484 FAaAde] vEel we golw 57|
s AstsE WA $1% Holth. o] wf EE FRHe
71 AE T sUE FAdddA AF
FAGAA FAse AsY oA A
ksl ol 7sto] oo g i A% WrHom
ASsH F7] AZE FAd HEs FAEa o
ol algel A Eloly B7)8E A AL
ole} ol PFefel Agt FrIAMEVF EFE
ABE ol 17 5 9 ol WA ABARE Fals
ah7)9h 2ok,

Rpy(n,a) = £ X3 26p" (M) y(m +n,a) “)




20254k stxSilst

[ =N O e

2l 4 oA, &
AL ek
0, 1]t} p(m)
AFE = 571 A
(&, slgAEe =
F7] Az ZHolg
FA AlTE] R
FAL - otEIL

A s

< o] AtstE Hg AFE, a=
Qld) ojulgit}, . oAloA = a=
= ] 571 F4& 98 FA17]0lA
*(m)2 p(m) 2l conjugated A&
he 9vlsta, N2

FA714

<=
—=
Efe]
=
=
3

[e)
L
A

ot

L

.

o714, 4
A
T e A

==
| 5.2]
2 Wl ZA 3HA
FC 9 A+= Softmax
F73i}. o]
AHA FC oA Alo]
Aol =& Ehube] ]l
Aol o= HAWMA FC
R s

AME E7 A

S
=

18, FC(Fully Connected)Z
ReLU 2 4831, T9l7)
AIE BE SRS
uhsh o] ol He
1920 ©]3L FWA FC oA
BE FFQL 960 ok
oA A A
gt @l FWA FCoolA €]
SEE ol7] 9% Aolvh

= = 3L

T
.

e
j=17e)
T

4%

III. 7%+ 7]% 2: Super-resolution A4 21337

2025 W 3 ¥ 3GPP FHZ MHE 6G HAFY
Qof2]e Fasd ARe 9% dEe=m

FMCW/(Frequency Modulated Continuous Wave)7} R 2
AFE Avk B dely 7lzel Hlas 2" 6 9
FMCW = 3}719] 2 7bA] o] & s gt

>
range

> time

ADC sampling region
¥ 6. FMCW $54 7id 2
WA=
ST
Aelet ol
of 219
AN 55
A Fae AL )
% 6 oA FMCW
Chirp & RH5 Al RF 2 22 A%
geloz el FAwelA AHF oFFE L W Chip
Ao ® mixing & T ofFEIHOE mixing H
Az Y AEes @77l ds A e RS
AAS= LPF(Low Pass Filter)E T3 sp(t) AN E
ARSI o) MEe] Fuadeldl Wy Ausl Hol
AE ME Fag¢ £ 2 FE37] 98, ADC(Analog to
Digital Conveter)E 3] TAHH R Fifodo=
WER AEDS ARAY o] A5

e

o2
o2 o o

ofr
-

rir

2L

fo O wd (d
S tfo oF r

ol
ol
kl

2

FAAE 7 A5 2 (cross-correlation) S =3 3F Al & A 7}
A S Adth o] Z7IAHY A5 dS o] &grtd Al
AEEE =Y 7 A Flolth o]e} o] 7Aool A
FMCW NS 288 49, 7I& o= FMCW 7]k
A FA A vlE] B FtE AUeE G
NI FHFolEREES Y T UL R |gHr.
sk, Algkd Fikg 2 kel A Folzl AE A4S
AREE] ATlelA AEd HE FIgel RaElee
FAA7E N AAE srler vk WA, 7]A =)
RTD(Round-Trip Delay)¥ o] Eo}o &= A 1F <<
AER Asd B 7AY Y] ANsdE 53 tE,
RTD Ho] 7|Awo=® FHoles AEH Asdy ¢
A= A A7) 215 TF element-wise multiplication

st v, Y= Tk
resolution & T A17]7] $13l, decimation &3k
oJ2] decimated MEZEE F dhe] A =2l
AR o2 +5eal UM A= nulling 3o} U, S
Ford S MES] FIF resolution & FFAI7]7] 2E
zero paddin £

W Saskt). mpA e o B zero-
padded
Foh5 g

}h\EE“
[e) 2~
= T

ZToo
}\IEE = =2

aQ

Was) wae wE

o
it
P
i)
=

6G ISAC A28l
R i
A 8k 3

N
i
l )2
ox

o 1

X2

o
22
rO 8

0;

ot gl St ek (B
A g o

AN de X H 0o N

)
2,

A5 A 2

ACKNOWLEDGMENT

o) =E-2 2025 W 423}
NP EE bR

1180218, %153} o]
FaEd
[1]ITU-R, “Framework and overall objectives of the future development

of IMT for 2030 and beyond,” WP5D, June, 2023.

[2] 3GPP 6G Workshop, “Chair’s summary of the 3GPP workshop on 6G,”
WP5D, 6GWS-250238, March 10-11, 2025.

=

L

Do

O

—

oo
|

3] A, n9x, A, d&F 2AY Aus ddSs
gt T4l AAE Ve T AAEATE A, Vol. 39, No.
1, pp. 1-13,2024.

[4] TR 22.837, “Feasibility study on integrated sensing and

communication (Release 19),” 3GPP TSG RAN1, Feb., 2024.

(5] 444, 244, 294, 192, #dF, “6G 24
A A2EL 7]
June, 2024.

S
4.3

s A KICS 8HAlEAE

, A

April, 2025.
[7]1K. Chang, W. Cho, B.-J. Kwak, and Y .-J. Ko, “Synchronization under

hardware impairments in over-6-GHz wireless industrial loT systems,”
IEEE I0T-J, vol. 10, no. 7, pp. 6082-6099, April 1, 2023.

[8] K. Chang, M. Kim, Y.-J. Ko, and I. Kim, “Towards precise
synchronization under phase distortion: signal design and deep
learning,” [EEE TVT, vol. 74, no. 4, pp. 6715-6720, April, 2025.



