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2023 2024 2025 2026 2027 2028 2029 >

3GPP Rel-20: 6G study phase (stage 1 then stage 2) Rel-21: 6G normative phase

Approval of NTN req. studies NTN nonnélive aionie

NTN technological studies Approval of normative work
(T’ﬂ;’fi_:’l)_ IMT-2030 (Terrestrial): IMT-2030 (Terrestrial):
Fi - Req., eval. criteria & method, submissi /! Standard
‘ramework
ITU-R IMT-2030 (terrestrial) requirements
e il e L G b
IMT-2030 (Satellite) eqq"g;‘;."::m“’gﬁfﬁ'm - IMT-2030 (Satellite): i
1 Framework 1 submissiontemplate || | _________ S ]

IMT-2030 (satellite) requirements

B 1 (MELZE) SGPP fititkls IRU-R Tfk [,
Figure 1 (Color online) 3GPP standardization timeline and TRU-R, work [4].

SR, B R PR3 7 ok T BT APk AR. AT Hh TR 53 R 48, NTN [Hillf B2 H AL 3 I S K o st
5 I R BT AT SR, LSRR A s SRR R K H g R R B, s R MR RGE R
Bl 3GPP NTN WrMARAT AR BT &, DUEAEA RS B B B (AT EE R X NTN RGHEAT ot 5004, 24
1M, B RN 4845 05 HinCse il T B B T A7 AE R BR: MATLAB, OMNeT 4+ 251 6 538 FH 154 i 90 i Ao
8 R MEEAT AT, B2 5 3GPP NR/NTN PR Ze — X 55 (1 RS A HE /). OpenAirInterface (OAI)
RKI Eurecom WFFLHTESFIFAY, BET 4G/5C RAN S5iZ.0M S IIE. 2024 45 5 H, OAI NTN T{E4
SER T LT 3GPP Rel-17 #5#ER) 5G NR NTN #)# )25 MAC Z528. SR1M0, OAL fk#t USRP S84 Jo 4k Fafilt
P, & AN SIS IO TE, (HIEME P50 5 KRG Q07 57 AR B A . MHEZ T, ns-3 1E N EBR
FIRMM L 7P G, R JE 5G-LENA 7 SIS AL NR B (ns-3-nr), H&5EH 5G Phillbk @2tkiae
71 ZBHEREIEAE 3GPP TS 38.300 RAUbRHE, LI T RIEMILEH L Ay 54T (BWP) 5B RIS SR .
2023 4F, University of Padova 4]FA7E Workshop on ns-3 (WNS3) 2 Bk 7 E/NMHI A NTN S EA Y & T
fE Bl 4y LEO T EALHES A PIFE R ASRAL T AR 3 RE. X — R br &5 ns-3 1IE:UEN 6G NTN 1 H0FA
BB, HN5 3GPP TR 38.811 BI/TR 38.821 6] Xt 5FAml 4 fg . Al EBLHIFFIRIF 75 7 6.

RUE AT 3T ns-3 NR Bith5 NTN (ZEMA Sz NTN &SRR EEar, HE EE tHZE RRC
(radio resource control) /Z) i EEE M LTE B MSLIIZHE, Mok 3GPP TS 38.331 11 HsE X NTN
FRAE4 (U0 SIB19) M3 FEHLE NIRAR. X — PRSI0 17 1o & M AT NTN PGl AT 52 B @ 5 65
HE—FMEIGUE. LEAh, ns-3 JRAEFE BN i AN J2 DURE ff 20 i T2 S i B AS 19 sl R BUE R PE, JE— 2020 T AT
NTN 375t IR R, 3T BB, ACH ns-3 NR BB RRC EHET T NTN FIFLHIE 58, it
— M E 3GPP Rel-17/18 VG RS NTN {5 516G, M8 NTN #8AGIE. hiith & 6G Raiit 42
BT AR kA BT LR 5T TR, AR SCF DT R.

(1) M8 7 —/X 5% 3GPP AaifEf 6G NTN REjHT- 5. 7£ ns-3 NR f3 (5G-LENA TiH) Hafi -, ¥
JE T P RBE L, AR IR AL S5 3 NS AL, EAum B 6G NTN 17 5.

(2) E T 6G NTN BaIAL. %1 ns-3 JE AR Tk ki IR TR J @i 271 AU 3 R/, AR S sl
THFFZHIE RN NTN BB, ] % i AN 5] T B R (i) 25 07 B AR A4 B B b Bl A% R I 4.

(3) SEIL T NTN RRC JZRSHIFRHEL MG, #id 3GPP TS 38.331 ¥y ), #7 /£ T ns-3 NR #ilt RRC |2
FPRZSHLEHE, SCBL T NTN S50 TSR AL ORISR i P42 i

1) OpenAirInterface. https://openairinterface.org/.
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#1 FEIA NTN HEERMEDH.

Table 1 NTN simulation tool applicability analysis.

Tool NTN simulation advantage Limitation
MATLAB Used for algorithm development and Lacks discrete event
theoretical verification scheduling capability
STK High-precision orbit calculation Non-open-source software;
(SGP4/SGP5) high cost
Network simulation based on probabilistic Educational version has simplified
OPNET models, supports complex protocol functionality; requires extensive
stack configuration custom code modules

Provides proprietary NED language and . .
Native platform is not adapted

OMNET++ a graphical interface for defining
to 3GPP NTN standards
network topology
New 3GPP NTN channel module Does not fully implement the
3 integrates the 3GPP 38.811 dynamic features of 3GPP NTN
ns-

standard channel model; supports standards; node mobility models

3GPP NTN standard scenarios require manual extension

AR LT 5 2 WERIR NTN 5 HER MM R T LA S 3GPP drdEtfg; 55 3 TiE4H R 2L+
ns-3 [ NTN 557 6 ISR 5 4 W04 T RB IR seIlr 58 56 5 Wl SR IIE- T 5 i IEmE S
PERE, JE T 0T HAE R 55 6 RS e TAE, IR ARR BT ST 1.

2 MXIME

2.1 {FEIRmMIK

UTAESR, BT NTN 5t () RGA Bt 7z 2, A @ E 07 5 6 U1 ns-3, OMNET++, MATLAB
Simulink %513 1 for, ©F 2 H T Hum s s 2 @B S 500E. MATLAB F 2 THE T H S5 5ET K,
AA RIEMECAEBRE R i8S THRM. STK et 7 TR EBHuE . B B mE ST
OPNET Modeler J&&HLTHIZS (W1 LTE/5G) BIARRL I RE 7 #r, HBE RIhaefifb, 7 3 e CREAR.
OMNET++ ZFFBANTLLM B B, LR Z @, &6 KB E. ns-3 H 3.42 JRESCRF 3GPP TR
38.811 18] FRufErh I NTN S 24, $24t T NTN-Urban, NTN-SubUrban, NTN-DenseUrban I NTN-Rural PU kK
Y S B R AR Y. R ns-3 CL3CRF NTN YBELZ L 7R @88, (R s (1) 30 45 %1 1l 58 71 5 = )2 B
BORIIEAIA AR, BRI T & 28 NTN 3501005 5A 28 1.

2.2 3GPP NTN FFiE&E# S5 I0R

I8 FH 28405 BUE ek b 2R A S TAL AL T ns-3 5 OMNET++ SFFIFHESLTFE T 25 NTN R4
GOy WL T AEL A TAE, ASCAT B RUZ S (PHY-MAC/RLC-RRC-E2E) 5% il HiF (Frif 8t
BOUF — PRThREIGAE — BE BT — RLFIVPAS) PRAEREAT 7028, 38 2 g TREMF &, SimusG 1Y) free5GC?,
5G-K-SimNet 1], 5G-LENA 7 PL K 5G-Air 12 [{j[A] 3GPP 5G FiARKL, H 5 T RAN . A% 0 -5 i 1) s 3 A5
E. FLoRaSat 13, FLoRaSat2 ['4, LSNS [15], OpenSAND? %7 T LEM L 5 ToT 5t. OpenAirlnterface SC¥F
NB-IoT 5 LoRa, i License ###X. 5G-LENA ["l 5 OpenAirInterface #5217 3GPP #r#f, IEH E NTN ACThfE
PASCHF 5G RAN B4

EHT ns-3 AR, ©F LAEESOAFZ 9T &, Badini 55 161 FFR 7T STIN M E LA, £
5 SGP4 TREHIE., ME KNS5 4 3GPP TR 38.811 P ({5384, Sandri %5 ¥ 5 Zugno %5 171 43 Hil 5k

2) free5GC. https://github.com/freebgc/free5gc.
3) OpenSAND. https://www.opensand.org/.
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* 2 JRRRIIEE.

Table 2 Open-source simulators.

Focus Representative work Design objective(s)
Satellite mobility + channel Badini et al. (16, Sandri et al. 8], Zugno et al. [17] PHY /orbit/link
Routing/SDN Mao et al. 21 Peng et al. [26] Network topology and routing
Application/ToT FLoRaSat [13]) FLoRaSat2 14, LSNS [15] IoT
Core-centric freebGC, OpenAirlnterface, 5G-Air (12] R15 core
RAN-oriented (no NTN access) 5G-LENA/NR[7] NTN-proximate, non-access study

& 3 3GPP NTN FRfES I SARRRIRGT KR,
Table 3 Mapping between 3GPP NTN standard documents and the proposed modules.

Standard /specification Key content Corresponding module Validation
NTN propagation conditions, . . Mobility model (Subsections 4.1
Satellite mobility module + . ) )
TR 38.811 (Rel-15) channel parameters, and and 5.2) and link-level calibration
. NTN channel model .
deployment scenarios cases (Subsection 5.1)
NTN-based NG-RAN architecture, . . . . .
. Provides calibration case Case verification
TR 38.821 (Rel-16) link performance, and .
data (Subsection 5.1)

scenario constraints

RRC protocol and SIB configuration,

RRC state machine + SIB19 message sequence verification
TS 38.331 (Rel-17) state machine, and access & ql
SIB module (Subsection 4.2)
control
TS 38.101-5/TS 38.108 RF and protocol capabilities NTN time compensation logic + Module interface conformance
(Rel-17) for NTN UE and SAN timing model analysis (Subsection 4.2)
NG-RAN overall architecture, protocol o . .
. . Protocol stack layer division and Architecture conformance analysis
TS 38.300 (Rel-18) stack interfaces, and satellite

o module interface implementation (Section 3)
enhancement capabilities

. X . . . . Service layer capabilities and
NTN typical service scenarios and E2E service verification and

TS 22.261 (Rel-19) future work (Subsection 5.3,

service requirements scenario support capabilities .
Section 6)

BT TR 38.811 P 5 TR 38.901 8] iRty RS IE 5 R EMEAL, NWELZ5 BALAE 4%, Puttonen 25 19 FFJR 1
A5 5G-LENA HAFH NR KRR EAEHL. 55— 77T, Wang 55 PO BGHE T ToT Hrill. Mao 55 PU 42 78T
SRv6 MM HHLE]. Chen %5 221 ¥t 7L K LEO LEMGET &, EEE MRS . Cornejo % 23]
SR ITU/DVB AR 48 6 2 . Kumar 25 24 F1 He %5 291 sggl 7 800k PR M EL. Peng % 20
5 Zhu &5 BT 4R H T HUFILE H AN % AL

gi b, A TAEEY B 2R BB SHn Nt B i 5 N VAl 7 TS 2 38 8k e, (B R 5 TRTI A2 AE
ANRE: (1) B =78 735 3GPP NTN Rel-18 $: N S5 FA Gl AL 1S3 (2) SR = [ 7] Bl Bh B —EUH 58 E (protocol
conformance) I T & BRI, (3) B X Er5e ¥ RRCORSHLE SIB BB TR 45t EIRARE, A
Fid 7 BT ns-3 () 3GPP NTN Wil —HERHIEF &, PASCRE Rel-18 NTN RAN ArdEAL il 72 it it i A 5 1)
REIGAIE.

2.3 3GPP NTN #r

FSEHE 3GPP NTN Rel-18 AR#EIX - 50UE, AR SCHE—0 KRG 7 CH AR SR, Wk 3 fox. H
H, Rel-15 5 Rel-16 1% L NTN B0, MRS R405E S, 5 E RS B R ) M AL EAl; Rel-
17 3458 7 NTN RAN fg /7, Sl A RN P FHBURE % 5 P BOARE; Rel-18 5 Rel-19 RF4Ls@fb i T A M
NG-RAN Lhfgdf4 IR %5 5 Ik 55 1 5.

Rel-15 ] TR 38.811 51 & LM I 4% 5 8 7 5% A7 51 K 3GPP (S ALE UM 2K, BRI 189 Fe |
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NTN Communication Model ey e

NTN Config
NTN RACH NTN Measurement Report

NTN Handover

NTN Protocol Stack NTN RRC CONNECTION
Management

Constellation Creation Module NTN Mobility Model NTN Antenna Model

Simulation .
Discrete Event
Parameter Input/Output
Management
Management

B 2 (MRFE) NTN HEFaRIE.

Figure 2 (Color online) NTN simulation platform architecture.

2R SR VR SR, AT SGP4 MRAL BB M S 58 BRI ALK IE. Rel-16 /1 TR 38.821 (6]
F£E NTN-based NG-RAN 244 5 5EBE 0 M REVEAS, FE4A HIANH NTN 2 A7 IR REZ) 5. TR 22.822 1281 U BH
i TRAE NN S 5G SR )5 N 755K, Rel-17 9 TS 38.101-5 291 5 TS 38.108 30 M5 R AN
') NR UE 5 TR (SAN) FISARS S P Re /7, e NFEh . Akl 235 k32 15 I 1 (M A i B PR it 17
ARILRE. Rel-18 1 TS 38.300 Bl #t— 5 5mit NG-RAN ZEMd TR 2 N 08, HHH B4t Uk LUEFC A7 i 5%
RS HEIRFUBN S . Rel-19 [ TS 22.261 321 FEAME T2 T TEBAMRSES M W80 . TIRSE . QoS
EE R Tk, FIRSCRYZE NTN fA & h, Rel-15/16 Ml H RS H S5 IB Y, Rel-17 [ [H] RAN 2108,
FIN NTN 432N\ 5ESHIE; Rel-18/19 Ml NG-RAN J#H#E 5 MWV 55 F55R. A 0F 4 TAE HARK5F Rel-18
NTN RAN M55 & 5528 SIB it & . RACH 25 RRC EERE S CBMFE, PSR IhRE —BUEIRAL,
ZHE IIEIAE ns-3 5§ OMNETA++ “F & ik = 7] 5 F S .

3 ETF ns-3 89 NTN AEFEEZE#Hi%T

ST RISCR 3GPP NTN AR5 5 BT FTBUR 004, A SO R SRBL T — R b RNV 10 A e 1 ) 2%
RGN EV 6. AW EGN LT 6 FBRS 5, ik R M. B O &S ns-3 HEZL
HNE S5

3.1 RRZEH

ARSI NTN 7 B 6 SR G E B 5Ty R R R ), B 7E ns-3 A AEZS B Seain 1A (54
PERI AT SCRE. “FE2EMWE 2 Bix, B B8 4 ANER: IREFEARSIEZ DL ns-3 W24 FAESE 9%
O, C++ B ST R, AU S HUE B BB I B SR AR 55, AR 2 A R AR )
B NTN Bl 5 NTN KRR N py BE 4t TR b 37 5508 sh s S 2 B B AL 7% 11 @ A att; SCHET)
REZHE T NTN BN (RACH). M EHR Y . RRC HE 5 U8 B S OE SR BB, N PMUZ
i NTN FCEBHS NTN 85 Ve, B B 07 52 80T A7 I 210 0815 P 24 IR T % DRt ik
REMSZY JE, XRethE TAE, AmiRE NTN {7 JAR 4L 1 2 S hLnt.
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UE NTN Payload 5GC
gNB

| NtnNAS I NtnNAS
| NtnRRC | ' NtnRRC | NTN Gateway
r— - — — " ——"—= T
||  NtnPDCP  H H  NtnPDCP :
| ! | .
[ wewc Pt vemc | - -
[ ——————— | L=
| nomac H—H  Nomac | e | | e
| NtnPHY } { NtnPHY |

E 3 (MLEhMRFE) NTN #HlkE.
Figure 3 (Color online) NTN protocol stack.

3.2 fEFaHNL

N B S E D GRRE S B R4y 15 3GPP FrfEfRFE—E, AWFAKIE 3GPP TR 38.821 16 5 TS
38.300 B FFHLYE, BEvT T T ) AT 9 45 0 o 2 i I SORR S5 ). i P R s WELE (PHY) BN E
(NAS) MI5E BT RERHL, JF7E NR BEELEAL B4 Sl NTN £ 1S EAR . ARSI S5E 4R FEm
PSR ZER I 3 o, PSR BL3E FH 2l (user equipment, UE). TR 7 /%04 (gNB). NTN B¢ (NTN
gateway) FIFZ.0 W (5GC) 4 MARGH Y. H, UE 5 gNB @il 3GPP & X2 M4 O HHTIES, NTN MIesL
L2 bR B TR A 4k S P e, & E DR BT AT

(1) NtnPHY Z: J&T NR YR Z Ry e PR EIEREE, SCRFZ W8 . K A% JR i 48 5 B A2 P FE A
(2) NtnMAC JZ: SEHL 7 SCHRFBEALEE AR, (RAR) & H o MEAMER) RACH JifE, LLUERC NTN HRAAL FE I 4E.
(3) NtnRLC/NtnPDCP Z: & ns-3 NR FH AT 5L, H T 4R ilUZ 8R4 5 5 27 ThEE. (4) NtnRRC JZ:
T TS 38.331 Rel-18 ¥ J& T NTN $¢A [ RRC HH .. HA SRR, Fral X NTN R € i 48 24
FEHHT TS FE. (5) NtnNAS Z: 48555 NR NAS — SN 5408 BB, SEIZ O3 DX 55

4 KEIHRESCIL

4.1 NTN BB E ELZER

i 3GPP TR 38.8110) fHlE, NTN KGR MO FE ALFR R (earth-centered, earth-fixed, ECEF). HiER#
IAREAR N 6371 km BRI, AAFRJE A2 O AL T HUERH 0, -y ~FETHDOT S ARTE 1], 2 FhTR M SE 0°, y Rl M &R
90°, 1M1 = S5 m) s EE L. SCiR [8] FIF GeographicPositions 285 GeocentricConstantPositionMobilityModel
RSP T AL R AEF LIRS N RIAL BT, Oy TR — 508 NTN I st R RetE, A SCAE I ER Al b Sl 13
(1) 2R )R NtnMobility. 2B AL T-IF% 1 H0E /) = WAL, /£ ECEF MR R F, TELERZ] ¢ (=4
FE (z,y,2) HPUESSE by WUH « PIEEHALL 0o FEE g, it BT BoaiHE B R AESIE P [ A 1Bk
IAEAL 0(t) = 0o+ /1) (Rp + h)3 -t (Ferf p b3k 5] 77840, Bl 10 I e e Fe MR K 0~ [ AL AR U 22 ECEF
LY

Ak, AT T R EEAN S NtnOrbitNodeHelper 28, i#id SetPositionAllocator() 45 SetMobilityModel()
Fel, P ARE EIE SRR AE B A 3GPP TR 38.821 HVU 7.3.6 98 UM H & SUR HEGE . AL TR i
ZI) TLE #uf, 2B ERTE 3GPP ARAE AT 7Tt BB 1 7 1t 50 E 1 B K, (T PP Al P FE A R B #g
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/ ~_ rcv handover requesr,

S {without ue context/——— admit=true

" rev random access preamble AN 4 N
/ and SIB19 request e AN

[ \

IDLE_START |
T return RAR,

\\7 including SIB19

HANDOVER JOINING ‘

N
\ [
— INITIAL_RANDOM_ACCESS \‘\x §
_— . rev RRC CONN rcv RRC CONN_
_— \ req, admit=true reconfig completeﬁ
_— — \
~ \ .
- \
o HANDOVER PATH_SWITCH ‘
1 CONNECTION_SETUP — rcv ACK
time °"tJ/ /////rirciv RRC CONN req, admit=false \
/ - \ -
| ~~
| CONNECTION_REJECTED // ~ HANDOVER PREPARATION ‘
| L
\ | rcv UE RRC SETUP COMPLETED handover trigger N
\ / rcv RRC CONN RECON S )
\ f o CONNECTION_NORMALLY T handover failed
\ |
\ / T /
\ // RRCreconfiq \\
\ | | / O\
\ ‘\‘ time/ out\\\ /rcv taget sat handover request ACK
\ time out| ‘ CONNECTION_RECONFIGURATION Px/’ \‘ /
\ \ /
\\ \\ ‘ /
\ \ |
\. N e
S~ ~ ‘J ‘ HANDOVER LEAVING
— | v
— \ T
—_ \ /
~—_ N /
N ~__ N —
. = d text | —
S~ . 7J7JJ///—/""” \f ean ue con ex/ / rev target sat release
B 4 MM NTN RESH.
Figure 4 NTN state machine at the network side.
SHz ap
1 i 1 e

4.2 RRC BRESHER

£ NR NTN £+, RRC JZ1E A 0P, #1357 UE 5 NTN 5 f 2 B R& Rl E . &
B T DL SRS B I A ) S5 G B T R RRC JEAMUAE R N 5RO 12 vh 2 $0 8 2R 38 B R R G I E N I
IE UIHe AT S D R E R E . H T, 5G-LENA TiH (7 £sz8l NR NTN R4 PHY 25 MAC 2
e, HHE BRI EZE M LTE 1 RRC LB 2R, #R¥E 3GPP TS 38.331 ¥ Fy#iE, NTN 5% T RRC
2B S AN F . BN, REUE R (system information) FRIFREUT . e N FE A HIBE L N 51,
DA R A Hib T 199 268 AH G 1R 7 B -5 ORI 3 75 BT L. R, S 1 7R BT & R ERRE R NTN L& 1) RRC )2
AT, ARSCH ns-3 NR 7 HESL[) RRC 2T T ¥ e 5 dult, RSB IRWE 4 A1 5 frox. BAEmS, 3841
AE TS 38.331 ) H) NTN RRC MUYEESR, XF SIB1 M) 38 (5 B A5 M 3T T 1958, (FH AR NTN KiE
FB (W cellBarredNTN-r17 4§), JF8138 7 T NTN @537 50 SIB19, X FF LR A S#EMAEELRE. A
PRUE PR CSE I S AR RS 1 — 1, P B 4E RRC JZIRTH™ %875 3GPP & L HEL X HEH B 2
PR (1) dud RRC EEHVHE, £ SystemInformationBlockTypel Z5HH 38 I NTN #2 AAHKL B (W
cellBarredNTN-r17, ConnEstFailureControl, ServingCellConfigCommonSIB) {5 i AR M LHIFHEE; (2) B
AT HINERS e SystemInformationBlockTypel9, H7E NTNConfig AR PR NTN 22 A\ R BTG AR E A5
B, SRR MHEAN R AR R (3) T RRCRSHIEE, (FIH AR IEMIALE NTN b5t TSR o, B
ERISOMAE; (4) >R RRC 5 MAC EMESEZ BN, L NTN 382 NS4 (W RAR & 15 TA #Mz) bRk
WBL B 5Lk, @i iX sy e, /5P SRS E RGN UE f2 4t 5855 NTN S8 E, GFEIERE R,
FERRINT I AM3E DL R BB RN T 1.
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IDLE_START - —
cell select ~__
N
.
IDLE_CELL_SEARCH \
sync \\\
\\
\
IDLE WAIT MIB SIB1 |
rcv MIB
IDLE WAIT SIB1 / rev SIB1, but cell evaluation no pass NAS disconnect \
- - |
|
|
|
rcv SIB1and cell evaluation pass |
N IDLE_CAMPED_NORMALLY ‘
/ 1 CONNECTED_PHY_PROBLEM
\ T~ /
N T~ /

NAS ct | \

connectreq rev SIB19,but RACH failed

\ //

T300 time out IDLE RANDOM_ACCESS WAIT SIB19
or network reject RRC CONN
. /
A rcv SIB19and RACH success /
\\\ /Iimitation of timer timeout /r"
CONNECTING_HANDOVER ™~ IDLE_CONNECTING r /
rev SIB19 N rcv RRC CONN SETUP /

\ rcv reconfig

T310 timeout _ ,/'/

— CONNECTED_NORMALLY | —
CONNECTING_HANDOVER

—

RACH success

5 AP NTN RESHL.

Figure 5 NTN state machine at the user side.

5 (HEWIESMREITh

TEART R, AAERANFI) 5 G176 3GPP NTN {58 MRS, K mE5 RS TR 38.821 61 dhf i ks
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x4 DERHAESHEE.

Table 4 Satellite-side simulation parameter configuration.

GEO LEO-1200 km LEO-600 km

Antenna radius (m) 22 2 2
DL-S TX EIRP (dBW/MHz) 59 40 34

Tx max gain (dBi) 51 30 30

Antenna radius (m) 5 0.5 0.5
DL-Ka TX EIRP (dBW/MHz) 40 10 4

Tx max gain (dBi) 58.5 38.5 38.5

Antenna radius (m) 22 2 2
UL-S

Rx max gain (dBi) 51 30 30

Antenna radius (m) 3.33 0.33 0.33
UL-Ka

Rx max gain (dBi) 58.5 38.5 38.5

x5 RAPRHESHEE.

Table 5 User-side simulation parameter configuration.

VSAT Handheld

Frequency Ka band S band

Antenna configuration Directional antenna (radius 0.6 m)

0 per element

Rx gain (dBi) 39.7

Tx gain (dBi) 43.2 0 per element
Tx power (dBm) 33 23
Noise figure (dB) 1.2 7

% 6 Case BHEE.
Table 6 Case parameter configuration.

Case Orbit type Elevation Terminal type Frequency Bandwidth (MHz)
Casel GEO 12.5 VSAT Ka band DL:400; UL:400
Cased GEO 12.5 Handheld S band DL:30; UL:0.4
Caseb LEO-600 km 30 VSAT Ka band DL:400; UL:400
Case9 LEO-600 km 30 Handheld S band DL:30; UL:0.4
Casell LEO-1200 km 30 VSAT Ka band DL:400; UL:400
Caseld LEO-1200 km 30 Handheld S band DL:30; UL:0.4

BAFE R : AR NtnMobility S H ) T Alks 5 T st A b, 1S3 TR B d(1), FA5 A FSPL
BB AR Li = 201g(d) + 201g(f) + 32.44. K05 B4 A0 SIS B AR A0RE 5 12 BIR EEAT Seid X L. S5 SR (L
B 6), BTt RS SR BE s v B0 TR 2 R IO B A8 sh ik 24 TR AL TARAD A, JLATRE Bk, 07 20
5111 FSPL [FI2D Ik BIEAY; B T2 [m PRI B3, AN, S5/, FSPL I & B TN~
B, GUTEL, U BB B FSPL 53T LT 2 30HE 5 00 BRI 22 3 2 D UK O B0 B 45 JERS A

5.3 IRELHIEALIOE

NIRRT NTN A B & 78 v 21 J2 1 P RE R L, A SCHE R 1 P 355t AT T 58 S8 100 v 21 ity 7 B
SEOGHET ns-3 NR AEER 7 #4728 NR NTN #pilthk, B EESE0E e NPUE S E 600 km. Hilff 55°. HE% 2. &4
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#& 7 3GPP TR 38.821 H#ARFISEIRMAETELR.
Table 7 Link performance simulation results for scenarios in 3GPP TR 38.821.

Case Link direction FSPL (dB) SL (dB) CNR (dB) Comparison
DL 210.6 1.1 11.6 3GPP TR 38.821 Table 6.1.3.3-1
DL 210.578 1.08 11.6 Our platform
Casel
UL 214.1 1.1 0.5 3GPP TR 38.821 Table 6.1.3.3-1
UL 214.1 1.08 0.1 Our platform
DL 190.6 2.2 0.0 3GPP TR 38.821 Table 6.1.3.3-1
Cased DL 190.579 2.19 0.4 Our platform
UL 190.6 2.2 —-10.9 3GPP TR 38.821 Table 6.1.3.3-1
UL 190.579 2.19 —11 Our platform
DL 179.1 0.3 8.5 3GPP TR 38.821 Table 6.1.3.3-1
Casc6 DL 179.092 0.3 8.6 Our platform
UL 182.6 0.3 18.4 3GPP TR 38.821 Table 6.1.3.3-1
UL 182.614 0.3 18.50 Our platform
DL 159.1 2.2 6.6 3GPP TR 38.821 Table 6.1.3.3-1
Case9 DL 159.093 2.199 6.31 Our platform
UL 159.1 2.2 2.8 3GPP TR 38.821 Table 6.1.3.3-1
UL 159.093 2.199 2.61 Our platform
DL 184.5 0.3 9.1 3GPP TR 38.821 Table 6.1.3.3-1
DL 184.479 0.3 8.9 Our platform
Casell
UL 188.0 0.3 13.0 3GPP TR 38.821 Table 6.1.3.3-1
UL 188.02 0.3 13.0 Our platform
DL 164.5 2.2 7.2 3GPP TR 38.821 Table 6.1.3.3-1
Caseld DL 164.48 2.19 7.3 Our platform
UL 164.5 2.2 —2.6 3GPP TR 38.821 Table 6.1.3.3-1
UL 164.48 2.19 —2.9 Our platform
FSPL vs.Distance vs.Angle FSPL vs.Distance vs.Angle
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Figure 6 (Color online) Relationship between FSPL and distance for (a) constellation 1 and (b) constellation 2.
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Figure 7 (Color online) Latency for the (a) 2x6 constellation and (b) 3x6 constellation.
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Figure 8 (Color online) Throughput for the (a) 2x6 constellation and (b) 3x6 constellation.
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Figure 9 (Color online) TBler for the (a) 2x6 constellation and (b) 3x6 constellation.
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Figure 10 (Color online) SINR for the (a) 2x6 constellation and (b) 3x6 constellation.
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Figure 11 (Color online) UE latency jitter for the (a) 2x6 constellation and (b) 3x6 constellation.
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Abstract Non-terrestrial network (NTN) is a key enabler in 6G for achieving global coverage and integrated satellite-
terrestrial communications. To address the limitations of existing simulation tools in 3GPP standards compliance and

dynamic topology modeling, this study designs and implements a high-fidelity NTN simulation platform based on the ns-3

framework. The main contributions include: developing a dedicated NTN mobility model to support high-dynamic node

trajectories such as satellites; extending the RRC (radio resource control) layer in the ns-3 NR module in accordance with
3GPP TS 38.331 to accurately emulate NTN connection management procedures; and implementing a full NTN protocol stack

from the physical to the application layer to support end-to-end performance evaluation. Experimental results demonstrate

that the platform can accurately simulate satellite constellation dynamics and NTN propagation delays, providing a reliable

tool for research on key 6G NTN technologies.

Keywords NTN, RRC, 3GPP standaration, 6G, ns-3



