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03. Motivations for NTN [1/2]

O e b - 8.0 } | Foster the roll out of 5G service

:us - 2 G O In un-served areas

vl e ) B - v o Yo OET Nl i . .

I W e R B B e e X S T A v"Mobile NW infra covers about
B4 Wl Hyper Precise Location (RTK) ’ - _ ] % # =) . ;’—:_::(_ ok B 37% of landmass

j Hyper Precise Location (DGNSS)

*  KAZAKHSTAN

B vuts

& B GsM (26 GsM-voice only) =5 ~ SR TURKEY 255 TURKMENISTANb :

i) . & | * 5G NTN offers a complementing
PUTREC WIS, e CRAE TS Ty role to TN access

ST R v'Reinforce the 5G service reliability
et U~ ‘ » '}F&'VIALDIVE'SI %LQSM “UN% 2

v'Enable 5G network scalability
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03. Motivations for NTN [2/2]
+ 56 NR(New Radio) 7|¥IC.2 $14 £ 35 £917| 52] H[X|A IEIAE 0| gsto] H7|o] Hrfo] Mu|AE
X557 5t 3GPP EF3} 2|2|0f| X 2017'AFE| NTN 2| = =2| ¥ EF3 T

S M2 Thales =2 ¢/ Y2t X| YT ASS A5 3GPPOI|IN =2 & A 5IR2

- _CI)__I A I-" XA
H|3HX| 2| X|=H(HAPS)E E35t2| 5t NN 2 HH
NTN in a wide sense Not to scale = (=
y 3GPP wotk on UAV Use Casel !EI-%_I'__OI:

Urban

3GPP work on NTN
'R v v v v
Satellite network' ' 600 km & above
7% o T base station (HIBS) . X|AFH EQ|3 MH|7} ZHX X| K| %L X| 0|} XFH Q1K
. Air-to-ground network 20 km II'I OH 0'“ _9_' OI'I 7' ,: '| E*I AI Eé% OI%E —JF giE
} ; X0 &4 ME|2F HS5t= A0l 58
10 km
| (aka”‘;‘r’one) 150 m - Beyond-Space Broadband Service : 2 |Uj/A15t connectivity A{H| A
- ‘ | -t beyond 5G |54, O|& 7| X|=
- * - - Massive Connectivity Service : =43 g 2 E12|E|(UAM: Urban Air
- O O Mobility), A 22 [oT £2M
V T e y A A - Coverage Filler Service : =A{/AF2F X|H =112 QIE{Yl MH| A
ﬁ .ﬂl Ground love 212 (R HOPH), EAI AfH|A
)

Remote - ‘Rural

Ref: Ericsson, 5G from space: An overview of 3GPP Non-Terrestrial Networks
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04, NTN &2 20}

 NTNS X4 LIS 1= 615} SHEI1E| 952 X|fo|Lt KIUOIE Hisfof o 7| 244 EAl A A% 0|88 &
Gl X|H0f S MH|AE R Tt 2 BEE o E3 YOI H|O|E] AH|A0) K| Z Rato| ofjat Hrhel
IoT MH|AE SIFHAE 28 715

Emergency
x5 service
T Ho——0" - Beyond-Space Broadband Service: : 7 |L}j/A1gf
\, IJ __________({;;)) _____________________ ‘I Connectivity L1H|i, beyond 5G Ol%%ﬂ’ Ol% lel%
S | : ‘ : . : _
S ~. _ B | - Massive Connectivity Service: : =M% 35 L2 E]
Indirect (UAM: Urban Air Mobility), 314+ €2 loT %;ﬁ
‘ connectivity _
*Z&'ﬁ auol - Coverage Filler Service: : T AM/A2FX|H x4
H P A I3
o> N o QIE{L MH| 2, 213 (RHIH/QPH) S 41 Mu| A
e e %EEJEI E'l Ref: RP-230708, Ku Band for 5G NTN Services

loT 2|7 ' 6
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05. Types of NTN Platforms

Platforms Altitude range Max propagation T)/P'Cé‘.I bea.m
delay footprint size

Low-Earth Orbit (LEO) satellite 300 — 1500 km 25.77ms (LEO-600) 100 — 1000 km
. . Circular around the earth
Medium-Earth Orbit
(MEO) satellite 7000 — 25000 km  95.19ms (MEO-10000) 100 — 1000 km
SResElEmEl D O/l 35786 km 541.46ms notional station keeping 200 - 3500 km
(GEO) satellite position fixed in terms of
. _ 8 — 50 km elevation/azimuth with respect
UAS platform (including HAPS) (20 km for HAPS) 0.4ms to a given earth point 5 - 200 km
itlfe) Bl Olor: 400 - 50000 km Elliptical around the earth 200 — 3500 km

(HEO) satellite

m 3GPP assumption on NTN platform
v LEO and GEO satellites are considered as a baseline.
» |tis assumed that UAS platform is a special case having low latency, Doppler shift
v MEO and HEO satellite systems are not considered
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WY g S MH|A (GEO, LEO)

Direct to cellular MH|A (7] 4G/5G T X AH|A): TS QA &XH| 27
loT NTN X| MH|A

NR NTN X|§ MH|A

H| X 7| 3GPP NTN H= 2|

Legacy satellite (LEO/GEO) + Advanced satellite (LEO) + Legacy GEO + Advanced satellite (LEO) +
g =4 G20 & 4GI56 AOFEE (0|58 FT+HF) loT NTN X T3 NTN X| 20[EE

\ \,

u”\ X3} L

< 2i3peied
OHEf|Lt

\ \,
Q"\ k] 2

= Emergency
= Messaging

Conventional Satellite Direct to Cellular

= Messaging
= Emergency = Streaming

loT NTN NR NTN 8

= e-call
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0O7. NTN NG-RAN Architecture

» = EZHATHHE HO|2C (Transparent Payload) 2|8t A S
D - 942 A0 EQo|S S5 HUT 7| X2 Ajo]o] MNEE EASFELE Ate S
R D T % © 9de RMEA WEfY FIHA HE FE 50| 7|52 T
P + 94 EHRYR[of| Bero] JpEt Fof H3 £9Ist & Ol XS JFX|H, 0|of| mf2} Rel-
& @ 1718 NTN XS ES AT E Bo|2E 1X ML
PO
O = HO|EYof: NTNZ} X|4f 52 A
o AolEgel 21X 5G core = I3 Ho|Egolet Y Aol R 23
- H|A 23 U} 3| X2 Afo|o) M Y3
‘ - ISL 91T YYE 29 Y3 (3, 3oIN §)

Transparent Payload 2|4t O3 |ElX

o - o ~

o o|Egjlo

Cz y ok (7|I|£— EIH) 71' |_'r-“ | 5G core
adcainh. S Ng

2142t Y2

ISL (Inter-Satellite Li

Regenerative satellite with ISL,

g o

,.i..;q A
-

gNB processed payload

GlojE] HEYA = XM H|O| 2 E (Regenerative Payload) 2|8 QI AE Al

. QML 7|x|Te| YL T o H) J|L

+ 94 BMFIIA LEY FIA Hg S Q0T HSE,
AoJx|atOE| So| 7|X|2 ofgt Lo

+ Afgto|Lt B4} S ZIO|E SO} EAYEHK| QYHLE 5.2 UA|EO 2 ARO| I
112 Glolo| s ME QIF3HCLE 9|8 0 25}0] Bo|E| MHIAE RE Jt55to 2

g S8 A X 5 2P + A2, Bt XEHQI MH|AS XS + US

« J2{L}, 90| HEre F & Qe DI|50] J|X|2 FH| S| ERYe|ofof 5o, ofof
2} Rel-19 22 66Ol M EZ Kol & A0 ol =g

A9/H3d,

Ref: Ericsson, 5G from space: An overview of 3GPP Non-Terrestrial Networks
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08. 3GPP NTN BE=3%| = OfHAE

+ 3GPPOAE Rel-15 5] O 544, A|LtI2, 3! B, NR M| Aol Ciet e £4 SO Thg 1718 AEHSIZIO0, Rel-1700 NTNS| X 4| BE 2
Hi9k5tT, ${XY Rel-18 NTN XI5} BX =0/ 2 XIgH5t D 9l

= NTNE 251 i) CoE} AfH| A8 X|4st7] 912t NR 714he] NTNE} SICH loT M1 A 8 KII517] 912 eMTC/ NBIoT 7|ste] NTNO 2 75

5@ Rel-15 Rel-16 X Rel-17 X Rel-18

---------------- mmmmmm

22, 0|54 5 AL (Sl. WI)> Extra-terrestrial 5G S| >

A| AEll Of 3| Ell % (SI) > A A8 OFZ[ElE (WI) > ggj %H:j“ﬂlgxljﬁﬂ%é & >

ST 24 (SN) >

NTN 32 23 o
NR %2 £4(S)

NR 7|8 NTN Z2 &2 T X §|% (Rel-17) NRZ|%NTN =2 &2 X 2} (W)
PR R R B R | AR Y, F T+ HF &

eMTC/NB-loT eMTC/NB-loT eMTC/NB-loT
X< (SI) x| 9 (W1) x| ¢ Tt (WI) 10

NR 2|8t NTN Z2 E 2 EfFA] ZAF(SI)
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09. Types of cell coverage

Earth fixed cell deployed by GEO satellite
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Earth fixed cells scenarios and Quasi-
earth fixed cell scenarios provide cells
fixed to a certain location on the Earth
permanently or during a certain duration.
This can be achieved with NTN generating
beams which footprint is fixed on the ground

Earth moving cells scenarios provide
cells continuously moving on the Earth.
This can be achieved with NTN generating
beams which footprint are sweeping on
the ground
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10. Capabilities and Scenarios for NTN [1/2]

= Operating band for Io0T-NTN (NB-loT and eMTC) in Rel-17

E-UTRA operating band UL band DL band Duplex mode Commercial band name

1980 MHz - 2010 MHz 2170 MHz - 2200 MHz S-band
255 1626.5 MHz — 1660.5 MHz 1525 MHz - 1559 MHz FDD L-band
1668 MHz — 1675 MHz 1518 MHz - 1525 MHz FDD Extended L-band

= Operating band for NR NTN in Rel-17

NR operating band UL band DL band Duplex mode Commercial band name

n256 1980 MHz - 2010 MHz 2170 MHz - 2200 MHz S-band

n255 1626.5 MHz — 1660.5 MHz 1525 MHz - 1559 MHz FDD L-band

» In addition to S-band and L-band, NR-NTN deployment above 10GHz is now underway
as part of Rel-18 work item
= Focusing on Ka band (27.5GHz~31GHz (UL) and 17.7GHz~21.2GHz (DL)) in Rel-18
12
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10. Capabilities and Scenarios for NTN [2/2]

- Y Fob4= % FR1-NTN band®] S-band (n256)/L-band (n255)%]| E{3f], FR2-NTN band2} £7tX<Ql FR1-NTN band? g<| &

- Y T Type % : FRT-NTN band®| A= Handheld type (23dBm Tx power)2ro| H2|=|Rio Lt FR2-NTN band%| A= Handheld
type= M|2ITF 1PY MH|A, X, H|SY|, MeF 5 oSt T type©| 13| Q12 power class/ QFE||LH type©| =2 F

- Ad S MYEAEY XM BE HAE O et 9f4d 04 HE (e.g, Ku/Q/V band)2t 1E& T (e.g, 26dBm, 29dBm,
31dBm) & |22 Mu|AF 2Fo7| ffs X EH2 2 HE Of0|H2R H|otstl R0 ¥&7tstt HE 7|a2M S8/8°| oM

& 3GPP Rel-17 3GPP Rel-18
xmpA Ched L-band, S-Band + 10GHz O|¢ Tt o}
(Direct connectivity) (Indirect connectivity)
3GPP 14 NB-loT, eMTC 5G NR 5G NR
5 AOE & F Y [0
Ed-cl'; %EH IOT j|j| Il_%il_/E% IE:IJ-IH EJDEI- L VSAT, ESlM “Q
Hd A= GSO, NGSO NGSO (GSO) GSO and NGSO
M)A HHS 10T A& =S CRILTES = CRILIES
=84 kbps 2= Mbps =84 Mbps

13
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11. Challenges for NTN

® Long propagation delay
»  Maximum Round Trip Time w.r.t service link + feeder link
v' GEO:541.46 ms
v" LEO (altitude with 600 km): 25.77 ms
v' LEO (altitude with 1200 km): 41.77 ms

® Extensive cell coverage size
=  Maximum beam footprint size

v GEO: 100 ~ 3500 km (edge-to-edge)

v LEO: 100 ~ 1000 km (edge-to-edge)

» Different propagation delays and Doppler shifts in different UE locations

® Time-varying cell coverage

» Cell coverage is time varying for serving cell and/or neighbor cells due to the

movement of satellite.

® Reduced signal strength variation

» The difference of received signal strength between cell center and cell edge is

marginal compared to terrestrial network (TN).

= TN measurement features may not be sufficient to identify whether NTN UE

locates at cell edge.

2 ICTE=HMEA 2023

Global ICT Standards Conference 2023

TN cell

Received signal strength |

Distance Distance
@ (b)

14
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12. Rel-17 NTN in 3GPP RAN [1/2]

Challenges 3GPP solution in Rel-17

« Uplink time synchronization enhancement by introducing Kot and K,

 UE autonomous timing pre-compensation (using valid GNSS and satellite ephemeris information and common TA in
SIB19)

) « Timing Advance Reporting
* Long propagation delay
- Extended cell coverage * RAR enhancements (Start ra-ResponseWindow at PDCCH occasion after UE-gNB RTT)
» HARQ enhancement with no HARQ feedback
» Maximum number of HARQ process extended to 32

e L2 timer extension

 Frequency compensation (up for UE & gNB implementation)

* Moving satellite « Time based measurement triggering condition for NTN mobility
v’ Large Doppler shift . . .
v Time varying cell coverage * Broadcasting of multiple tracking area codes per PLMN up to 12 through SIB1
« Introduction of validity duration in SIB19 (SIB190| 723t A| 7t} epoch A|ZF S 01| CH3H SIB19= S A7)
« Flat received signal strength - Distance based measurement triggering condition regardless of any measurement relaxation condition for NTN mobility

« Different satellite bet. serving and neighbor cell SMTC related enhancement (different SMTC configuration between serving cell and neighbor cell)
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UE
N TA,adj

Step 4:
Acquisition of UL

Pre-compensation of the
two-way transmission
delay on the service link

synchronization assistance
information when necessary

Satellite with
Step 3: \ onboard GNSS

Broadcast of SIB-19 carrying ’\

Satellte assistance information \$

common
TA,adj

Pre-compensation of the two-way
< transmission delay between uplink
%o time synchronization reference
&( point and the satellite
%

Satellite TM/TC .
via proprietary interface .

lReference
Point

. A W - Connectivity to gNB
S

~ NTNUE NTN- Serving satellite ephemeris " gNB

Step 5: with GNSS capability : _GW information via proprietary

Pre-compensation of 00 mm ntorface

propagation delay by UE ﬂ:l

common UE Step 1:
Tra=(Nra + Nraogfset + Nraaaj  + Nraaaj) X Tc Satellite orbit
NTN determination Ref: “Physical layer enhancements in 5G-NR for direct access via satellite system”,
Control Center and prediction International Journal of Satellite Communications and Networking - August 2022 16

))) Step 2:
Configuration of ephemeris
and common TA parameters

through SIB-19 or RRC
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13. Rel-18 NTN in 3GPP RAN

Challenges

UL coverage enhancement

v" Reference scenario: parameter set-1 for LEO-
1200 satellite and commercial smartphones with
-5.5 dBi antenna gain and 3 dB polarization loss

v’ Target services: VoIP using AMR 4.75kbps

Deployment over new spectrum
v NR-NTN deployment in above 10GHz

Fulfil the regulatory requirements regarding a

network verified UE location

v Lawful intercept, emergency call, Public Warning
System

Malicious UE detection

Provide mobility and service continuity
enhancements considering the NTN
characteristics such as large propagation delay and
satellite movement

3GPP solution currently being specified in Rel-18

PUCCH enhancement for Msg4 HARQ-ACK (e.g. repetition)

Enhancements to the Rel-17 procedures for DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-
frequency pre-compensation)

GSO & NGSO (ESIM scenarios for NGSO in Ka band are not considered)
Targeted UE types: fixed and mobile VSAT

FDD mode for satellite operation above 10 GHz, while TDD mode assumed for terrestrial operation in FR2

Consider the satellite harmonized Ka band as a reference, according to ITU allocation

Specify Rx/Tx requirements for satellite access node and different VSAT UE class

* Prioritize the specification of necessary enhancements to multi-RTT to support the network verified UE location in

NTN assuming a single satellite in view

Cell reselection enhancements for earth moving cell for NTN-NTN mobility

Signaling overhead reduction for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell for
NTN-NTN handover

Reduction of UE power consumption for RRC_IDLE /INACTIVE
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14. Rel-19 NTN Prospects

= Rel-19 NTN XISt EE2| ZHQ] HQoj| Ch$t =2 XIH &
= Xt B1210]| Tl 3t down-selectionS X Z|F 233 1280 521E Rel-19 Ij7| X|of| = Fio| A A| H

_ Potential objectives for Rel-19

» Coverage enhancements for Downlink
» Regenerative payload (full gNB onboard)

* Less controversial topics - NTN/TN mobility enhancements
» Enhanced GNSS operation
* Uplink capacity / throughput enhancements (via HPUE or multiplexing)
« Notification/Alert for paging with no modification to SSB
» MBS with NTN - Broadcast only for NGSO
» Somewhat controversial topics

* Broadcasting of multiple tracking area codes per PLMN up to 12 through SIB1
« REDCAP with NTN
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15. NTN Evolution in 6G

R
Before 5G (Interworking)

= Separate network for TN and SN
= Designed and optimized independently
= Focusing mostly on co-existence

5G: NTN (Intergration

= Design optimized for TN component

= Minimum impact to support the integration of Satellite for
coverage & availability extension

6G: TN + NTN (Unification)

= Design optimised taking into account characteristics of both

terrestrial and satellite components from the beginning

Ref: ETRI, 6G 3D coverage

19
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NTN n255, n256 Bl E FIb4= - UL :
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1626.5-1660.5 / 1980-2010 MHz, DL : 1525-1559 / 2170-2200 MHz

Regenerative (& 4= 41415 KA /)

EL g Foe ol =g3ol4d |31
AbM Y H = U*/DL* :1616-1626.5MHz 213 SoS HA|X| EIAE e =

48 (28 3)

UL :1610-1626.5 MHz

M, Mt Gateway =)

= L-band Apple $41 50009+ EX} (12} o
Globalstar e “ (Iph;)F c U;Ltlfl DL :24&§3.5~25)00 MHz el SoS B4 ; 7?2 SoS H|A|X| ':Hﬂl'vk(kltﬂ A
Transparent (344141 /) = 9) (S-band)

T-mobile 28 Fof4

2l

2 SoS HA|X], B|AE,

T-mobile £ 8 AT E= =2

1)
SpaceX T.mobile 2016 (2 MIcH A A=) UL : 1910~1915 MHz A7t X3} 2) XH| M 2.2 1.6/2.4GHz 7} T FCC 57t 873
~(Stariink) M AEr a9 e DL : 1990-1995 MHz N 3)~24'4 F4H 22 He{2|X| 2
Direct-to-Cellular system (S-band) = 4) Max. DL : 4Mbps / UL : 18Mbps
oY =7t MNO £/ Fot
Al)O o x i
K
e ) z 2) 0|2/ 2/ZEH|OFAH /o X| 2| o 2| H/QU = H| Ao IFELA O]
Request 1o FOC SEAAE S5 B AE 2o M2 2S (2314 127| RE{ | AE)
100 (71 2) . Gateway EAILET Vodafone Group, Rakuten Mobile, AT&T, Bell Canada, MTN Group,
AST AT&T. Nokia £ BIuewaIk;r 5 DL : 37 5. 42 SOGT-I;J Orange, Telefonica, Etisalat, Indosat Ooredoo Hutchison, Smart
Spacemobile ’ °© EIAE O (* e R A ) Communications, Globe Telecom, Millicom, Smartfren, Telecom
, I AE 49 (22.12) UL : 45.5-47/47.2-50.2/50.4-51.4GHz . . . . .
Direct-to-Cellular system . ClrEA 2T Argentina, Telstra, Africell, Liberty Latin America
DL : 617-960 / 1930-1990/ 2110 - 3) 2318 24t 52l 91 L FE0 9L 0, 1000 21’8 2T SH
2180/ 2350-2360 MHz 4) 9’dof| M Tt F k2 X| 5ok SHER CHE 9. (64m?)
Mx2
UL : 663-915/ 1710-1780 / 1850-1910 5) Samsung NEXT ©f| X 2| =5
64m?2 X 0| Q| Al HYH OFE]|L} [ 2305-2320 MHz
Lynk tower 1 21& SoS,
JHo * d S By E] X% 2fo 3E
DireCt-tO-Clng:’!(r s 25719 MNO (22.04) g 27t MNO £ T2 o1tk SMIS B A|X| 1) 224 Direct-to-cellular system £| = 20| A 1 E
Kuiper Verizon/BMW 3236 (A1) Ka-band (17.7~30GHz)
21

* UL : Up link (Earth to Space), DL : Down link (Space to Earth), MNO : Mobile Network Operator

*Direct-to-cellular system :
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Above 6GHz LS i e S £l

PGS UMY Gyeg £'g0f| w2t Aot XHEHS OFH 22 2|YS S So2= 5 AR YO S| LY F rosena 007276 127514561

SEARR| 314 2 RARE J|271 A E(SpaceX, 16.4), T A 25 SO 2 94 WAL AT} u] 3o 22 FIAIE)
A Xt SpaceX OneWeb Amazon Telesat
ZEMHEY Starlink OneWeb Kuiper Telesat lightspeed™
| 1547 ; 648 :
S HFOIAMA E ¢ :
=F: IJPE P 42,000 (2030) | 2H - 6,472 i 3,236 298
HE3 8 74 Thps 8Tbps : 15Tbps
H=&0| 550km 1100~1200km 589~629lm 1000~1300km
ES 29 UT: Ku/GW : Ka UT:Ku/GW : Ka UT:Ka/GW : Ka UT:Ka/GW : Ka
User Terminal Gateway
SF T 2657 462 - 78
AN 2020 2021 2026 2022
IHIA e S S S
3} S0/, 0| U8 S
= x| QAoto, U&(22,10) & o= 27 - NS
_______________________________________________________________________ e N N S S
4T (DL) 160Mbps 195Mbps - 2Gbps
JUZES TN B2C B2B B2B
__________________________________________________________________________________ T
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