3GPP ISAC £F3} % 3 Large-Scale Al &d ol +&

AEA), AR, AAE, ANA
AZ e R EA TSGR A5 H 0 e

{xswi000, alwaysy02}@sju.ac.kr, jaydenick@naver.com, mcjung@sejong.ac.kr

3GPP ISAC Standardization Trends and Large—Scale Simulator Development

Hongjae Jeong, Seoyeon Choi, Jaechoon Jeong”, and Minchae Jung”
Department of Information and Communications Engineering, Sejong University
Department of Artificial Intelligence and Information Technology, Sejong University"

Q of

B =% A+ 3rd Generation Partnership Project (3GPP)9] release 19 E53} 3] 204 =2]% integrated sensing
and communication (ISAC) 7|49} unmanned aerial vehicle (UAV) A7 Alug]le o] Y 2dd 3} 53] tis)A
ol tt. 3GPP %3t 58S v o= [SAC UAV A AlvE] 2ol Al large-scale AlEdHCIHE TFd33 . 3
x5 3)9o] A g 7|9 EC] AF3HE calibration 239} AlEdH o] ARE vt X3S FRlET) ol & F3
TEE AEY I} BFdA =9d Ald Bas S48 gt on, A% ASE A% EFEA Fads

R

I.A &

— : Monostatic Sensing

Integrated sensing and communication (ISAC)& 4 —> :Bistatic sensing

Al&Eel A S S EAlCl FAdte R A
&S Sustele 6G A TleE FEYa o1l

Target

A

UAV Aul~ gtoz g&x]-F2-2  7|qto] Al
Fa7t Z7sta lou, UAV g4 AAs 714 74
FHekstm HE A ey diitR 52 H§T
B2 S A Fgo] Atk wEA [SAC 2 7|& &4
azxglel ~AER Y-S ARG F7F GH] glo]
UAV  Al7de]l 7hsstrlel wl&m Ax 7A Fas
ZolWA b S FEHoE AT F drH(2].
o]} o] ISAC 7]¥F UAV AAel F ool #AHo
w2}, 3rd Generation Partnership Project (3GPP)
release 19 ¥ET3 I oolAl= ISAC #FAHAA UAV
A gAsE g Ad 2dE 9@ AN 3
stgta| gl gk =9 E (3], B =wddAE
=9% 3GPP ISAC A mdHE 7j¥toz UAV A7
Ay 2o ™3k large-scale Al E#O|HE FE3} L,
Ay re 9 Fae gige] wE coupling loss &

A2

o.
3GPP ¥+ ISAC AY =mde 3l o]ie EgF
AAE s, g A X, deojy 'y, A
e AlAe] 4d#R Eyd EAL W
.

%
(31, ololA eld AAs A4 o

e

=
T

1

=
54
A

?_

e, &

A
= oEA AASE 9 deA Qo A oAl
974 g B4 ARz FRAT $4 89 4
o ISAC Ade B Ada g Adel Fow

E3] ISAC & unmanned aerial vehicle (UAV) AH] 2~ 6GHz “/Tﬁr
A AAE +Ae] AT fUa L2 AHt2] =SUZ N
200m rff
~

(i)

A

I1SD/2 = 250m

Center cell

a8 1.ISAC - UAV Al AUale A

I
Lﬂ__,(
a
g,

j= =

mdyg "ok g2l AQde A glel o A=
Fd=2 Aee 28, #d Ade 1 99 te
AR JEow FAHL.

3GPP i+ ISAC Alz=HolA = F4l @3t 4 9
x| o| w2} monostatic Al EZ=9} bistatic Al 2=
7F Ao¥H[3]. Monostatic A4 Rt U3 B4
L7t $23 FAS Fste 790 8HAE, bistatic

A BReEs A2 g2 52 =7t F203 A
Fdst= ety A4 BREE  transmission and
reception point (TRP)$} user equipment (UE)2] Z3H&
8 +A=EH, TRP ¢ UE BEF &4 938 =3
Atk A AvEeE BAY f3d met UAV,

3GPP %% ISAC Ad mdo A5S AAdoz 3
ZFotal AlEdeld AR S drE] 98
calibration ©] =3 ¥t} Calibration & 1L#3d= Y
ARl HeJo| uwgl large-scale calibration I full-



scale calibration &2 T HT}. Large-scale calibrat-
ion & Az &43 =9 Hold T large-scale ¥}
nE{ 7S 13 calibration & 9W|3FH, full-scale
calibration & ©}7]°] fast fading A &S F7}38le] 43
%)= calibration &2 AolHAT}H3].

2 =wdAe I3 1 3 g2l UAV A AluEl
ol TRP monostatic % TRP-TRP bistatic Al14
RE=Z2 183 large-scale A|EHOIHE T
3GPP ISAC X <olA Aol large-scale calibration
steta) gl ik, AlEdelde A AEE coupling
loss & A3} t}. Coupling loss & 41 &3 =21 &
Abele] AR &4, A Held, a8x Bl doly

SHARCS) TS ek, v o] AgoleEn[3].

CZ
LCouple = PLdB(d1) + PLyp(d,) + 10lg <W)

_1Olg(URCS,A) + SFap1 + SFapa. (1)

AN PLyg(dy) T PLgp(dy) & 4 & - g2 2
Bl — Al & 3] AR E4S 9n|siy, SFap1 ¥t
SFugp= 28 T3kel gk MES- dlold o 2A At
¥ = wel AT Monostatic Al EEolMdE F
Y37 Y A oz FAFHEAT. MY AL
g e Bl Algdon wdw wmw Zb Algkd o
g dod oy gAY AMA FHALAE opesa T
Large-scale calibration 32lv]|E6|Z2 AF¥ ). Large-
scale AlEZ o] A= Bl A do] &4 line-of-sight
x7om FAAGUD s, 71X A O
UAV Alolo] AAE = $41-41 % 5 coupling loss 7}
7H 2 4 el & o] €3l cumulative distribution
function (CDF)E A 3tt}[4].

UAV A1I’d Ay8] 2+ urban macro - aerial vehicle
e 7wte s FAEH, F 19 /e FZF AR o]F
AR Al Folop-& ARggt), 2z} AoA] 7| Fe] o
E 25 m, 91 71X 3 Agls 500 m 2 A,
1A =2 Al AHEL 56 dBm AR 9= 100 MHz
Hhgylo] 34 6 GHz 2 AAsA T3], A4 gA

s & AP WA #5
Large-scale #Ho]¥
1S ol UAV 9] o]k x|= Al7te]
ue} HM3lslA] Fa XFoZHE 200 me 1AHH Fo

21| )

e
[N
ofl
c
>
<
i
oy

of YAstEs AAgstth

olgfst AlEHoOIA FAS vigoR FA wI 54l
tho] U3 TRP monostatic A4 RE9 A=z th&
TRP 2 A}&3= TRP bistatic A4 Z=o tha)
coupling loss & AFE3ISTE I8 2 & A& ol HdA

AAFE coupling loss ¢ CDF ¢} 3GPP ISAC % =3}
gloje it 7|PdEe] AFe AF}E vt JEeRA
g Zolth[5]. 1Y 2 oA E& HMo=m EAHE Sejong
University A3 B =74 FH3 A& o]E 9
ANE gusit}, AAE A= Ve AT FED
Aubdow AdXsteE AgS Holw, oE Fd FHg
Al Ed o B 7 T3 3 ololA Ao large-scale ISAC

= [ =) O O S =]
Ad Rds wrgdstl S-S FRlssith

m Z2E&

B =foME 3GPP release 19 oA =2l¥ ISAC
Ad mE"o] gigh dubdl Fxdd giste] A3,
olE vt o® A E7lo] UAV Q1 AluveleelA TRP
monostatic @ TRP-TRP bistatic o] 3 large-scale
AEHCIHE FdsglY. AlEdolAS B AEd
coupling loss & 3GPP ISAC EZ3} 3] 9o A& 7]

= - —HW

T TE

= —CMCC

T —NOKIA

4 =—NIST

—Samsung
===CATT, ClcTCI
=—IDC

p—
—ivo

—Gany

== Scjong University || o

—LGE
—Lenovo
—CTC
=t=Ericsson

-190. 00 -180. 00

-170. 0 -160. -150. 00
TRP monostatic coupling loss (dB)

= =
g8 1 —Cony
d —GPFO
: ey
o jong ty | DCM
0 | —LGE
185. 00 ~175. 00 ~165. 00 _E.E.:sas:n
TRP-TRP bistatic coupling loss (dB) e izom

a9 2. ISAC UAV A7 Ay oA A R=d e
coupling loss CDF

Alg# o8 7t
S gl =
33l UAV large-scale AlE#o|E &

astgon, A

e
il

>
oX
olr
oY 0Q
olN tio
tlo
o
o
1
-
fru
ok
oo
i)
PO
o
fru
N
=
)
£

ACKNOWLEDGMENT
o =& AN(HAV & RENM Ador AT AL
(No. 2021R1C1C1012950)2 B HE417]184 711 A A&
of 3 A9, (No. RS-2024-00359235, 3GPP %% 7|4t
A= 24 AGEA A= dd7le A

F1ED

[1] A. Kaushik et al., “Toward integrated sensing and comm
unications for 6G: Key enabling technologies, standardiza
tion, and challenges,” /EEE Communications Standards M
agazine, vol. 8, no. 2, pp. 52-59, Jun. 2024.

[2] Technical Specification Group TSG SA; Feasibility Study on
Integrated Sensing and Communication, Standard TR 22.837,
V19.4.0, 3rd Generation Partnership Project, Nov. 2024.

[3] Technical Specification Group Radio Access Network; Study on
channel model for frequencies from 0.5 to 100 GHz, Standard TR
38.901, V19.0.0, 3rd Generation Partnership Project, Sep.
2025.

[4] ITRI, Tron Future Tech Inc, “R1-2504539: Discussion of
calibration for UAV sensing targets,” 3GPP TSG RAN
WG1, meeting 121, St Julian's, Malta, May. 2025.

[5] AT&T, “R1-2506616: ISAC channel model calibration
Results,” 3GPP TSG RAN WG1, meeting 122, Bengaluru,
India, Aug. 2025.



