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5G-NTN DEPLOYMENT TIMELINE (E.G. AUTOMOTIVE)

2024 2025 2026 2027 2028

5G NR 5G NR 5G NR
Narrowband Wideband Broadband

/;\

A = R

N

( Entertainment
Video call / conference
. Gaming

/ )
e - e

" Fleet monitoring
Vehicle diagnostics
. Navigation support

(sos messaging
Road safety
| Voice call (4kbps)

Rohde & Schwarz
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3GPP TIMELINE FOR NTN

Release 15 Release 16 Release 17 Release 18

Study on solutions for -
Study on NR to support Solutions for NR to ]
O Bty RUSTo Preeaes) IS
* tworks (NTN
TR 38.811 TR 38.821** networks ( )
[oT-NTN
Study on NB-loT/eMTC enhancements
SUppOl’t for NTN CIInN T Tr Bnn
TR 36.763 NB-loT/eMTC core &

performance requirements
for NTN (RAN4)

4 Rohde & Schwarz
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! 5G NTN FREQUENCY ASPECTS & ARCHITECTURE
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NTN -SPECTRUMIN 5G FR1

1920 1980 2010 2110 2170 2200 Freqgency in MHz

tere ——
(terrestrial) LTE 65 / NR n65

i

(terrestrial + satellite) ITU B6 __

3GPP. first NTN bands mmm

for S and L-band

n256 1980 — 2010 MHz 2170 — 2200 MHz
n255 1626.5 — 1660.5 MHz 1525 — 1559 MHz FDD
15 Yes Yes Yes Yes Yes
256 30 Yes Yes Yes Yes
60 Yes Yes Yes Yes
15 Yes Yes Yes Yes Yes
255 30 Yes Yes Yes Yes

160
Max. transmission
bandwidth 30 11 24 38 51 78
configuration
60 N/A 11 18 24 38

Rohde & Schwarz



Mobile Test Summit Korea 2024

NTN - SPECTRUMIN 5G FR1

Minimum guard band (kHz)

MHz

2425 312.5 3825 4525 5925
505 865 645 805 945
[ 60 | N/A 1010 990 1330 1290

;

UE channel BW

Mixed numerology support

Numerology X Numerology Y

Guard band for numerology X Guard band for numerology Y

NTN AFgacter Uplink Downlink TX RX frequency separation
satellite (kHz) Range of Ngge Range of N
operating (First — <Step size> - Last) (First — <Step size> — Last)
DdNG
100 396000 — <20> - 402000 434000 - <20> - 440000 190 MHz
100 325300 — <20> - 332100 305000 — <20> - 311800 -101.5 MHz

Rohde & Schwarz
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5G NTN SPECTRUM& UE ASPECTS

Band Region Related Band UL low UL high DL high
1525.0

n253 L-ext 1668.0  1675.0 1518.0
n254 EU L+53 FDD 16100 16265 24835 25000 [N ER1 NTN-UE or loT- FR2-1N VSAT UE
n255 EU nés FDD 1626.5 1660.5 1525.0 SEECI I assumptions UE
n256 NA n24 FDD 19800 20100 21700 22000 X Power Sl diE BRLEIL A
(200mwW)
(note: more likely 23
Band Region | Band ULlow | ULhigh | DLIow | DL high Antenna type Omnidirectional 60cm aperture
type MHz MHz MHz MHz diameter
n510 27500 28350 17300 Antenna gain TX/RX 0dBi TX:43.2 dBi/RX: 39.7
dBi
n511 us FDD 28350 30000 17300 _
Noise figure 9dB 1.2dB
n512 EU FDD 27500 30000 17300
Polarization Linear (dual polarized Circular polarized

UL (Earth to space) GHz DL (Space to Earth) MHz
type

possible)

phased array antenna

Region 1 12.75-13.25&13.75-145 10.7-1275

Ku Region2 FDD 12.75-13.25&13.75-145 10.7-127

Rohde & Schwarz
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EPHEMERIS INFORMATION ON ORBIT

@ = latitude Satellite position is needed for:
orth Pole A = longitude = first synchronization
d = major axis . . .
b = minor agis " Sync_h_romzanon maintenance
XY, 2 = ECEF positian = Mobility management procedures.

Satellite position is given:

= Transmission over SIB19 (NR) or SIB31/32(LTE)

= Divided into serving cell’'s ephemeris and neighbor's ephemeris
= Possible pre-configuration in USIM

Prime Meridian
(0°longitude)

\ b

Ephemerisinfo information element

(9\rﬁ_ -
Y -- RISINFO-START
a A . X
Ty EphemerisInfo-rl7 ::= CHOICE {
i positionvelocity-ri7 Positionvelocity-ri7,
:> orbital-r17 Orbital-ri7
X : Equator 1
' (07 latitude)
| Positicnvelocity-rl17 ::= SEQUENCE {
H positionx-r17 Positionstatevector-ri7,
E positiony-r17 Positionstatevector-ril7,
! positionz-r17 Positionstatevector-ri7,
, velocityVvx-r1l7 Velocitystatevector-ri7,
! velocityvy-rl7 Velocitystatevector-ri7,
velocltyVz-r17 velocitystatevector-ri7

9 Rohde & Schwarz
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ARCHITECTURE OPTIONS
- TRANSPARENT NTN NG-RAN ARCHITECTURE

Spaceborna
station/satellits @g

- Feader link
Transparant
repetition
Transparent repeat
e
7
78

Sarvice link

JGPP NR
Uu interface ﬁ; \ (([ ])) 3GPP NG JGPP NG
| interface ‘| intarface AN
I e e - -
= =|
. NTN gateway gNB Data natwork Gateway
!

UE

= gNB on Earth NR SDAP
= Satellite amplifies and forwards the Uu signals NR PGP
= Longer L1 control plane latencies NRRLC
» Uu interface = service link + feeder link NR MAC
» 3GPPRel. 177 t0 18 NRERY

JGPP NR Uu interface

10 Rohde & Schwarz

NR SDAP

NR PDCP
NR RLC
NR MAC
NR PHY

JGPP NG-U interface



5G NTN INTEGRATION SCENARIOS WITH 5GC

Same PLMN RAN sharing

Core : : Core :i Core E i Core | i Core
Network i i Network | Network ! : Network —— Network
! : A | B i ; A % B
| | I | | | § | | 5 ~
" | 3GPP Non- 3GPP | i i ! 5 i
|| terrestrial Terrestrial | ; : 3tG PP ',:l_orll' & TeeertFr,ial i i 3GPP Non-
i |radio access radio access| i i ergfr:'a : ! RAN ! i terrestrial
network network | i & i ; RAN
) L S @
2 B0 sy b s
PLMN ! t PLMN A : ! PLMN B! t PLMN A 1t PLMN B!
Note: for Simplification, only NTN service link is depicted — =

11  Rohde & Schwarz
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ARCHITECTURE OPTIONS
- REGENERATIVE NTN NG-RAN ARCHITECTURE

Spacaborne v\(( >JJ Intar-satallite link (ISL} i@’%
station with gNB: .
here DU and CU = gNB on satellite
afl’?nclu:zd inthe g i
NTN-gNB
o AP G mtaracs = Shorter L1 control plane latencies
3GPP NR ?:j:uﬁitlj:"ft:ns(sﬁll = Uu interface = service link
Uu mtarfal:e . X
= NG or F1 interface = feeder link (SRI)
3GPP NG - 3GPP NG /f} M SGPP Re| ’|9
interface intarface A
‘ ]
NTN gatlway 56C Data natwork
UE Satellita Gateway 5GC UPF
Regenerative NG-RAN architecture (DU and CU in satellite) S 2 .
.'(c s})
Spacebomne station \A
with DU and RU l l FDU
@é;z/ TCF/UDP IP TCP/UDF IP
[ [
36PP Nﬁww F1 interface NR SDAP NR SDAP
Uu interfaca over satellite “ n
radio interface [SRI)
NR PDCP NR PDCP
?g 3GPP FI 3GPP NG 3GPP NG NR RLC “ NR RLC IP P “
I——‘ interface interface N | intarface ﬁ “ “
——co=oo)
' & NR MAC “ NR MAC SRI RAT SRI RAT Layer 2 II
NTN gateway gNB CU s Data natwark NR PHY NR PHY protocol layers protocol layers Layer 1
|
UE '
Regenerative NG-RAN architecture (CU on ground) 3GPP NR Uu intarface 36PP NG-U interface

12 Rohde & Schwarz
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INTER SATELLITE LINKS (ISL)

Intra-plane ISL

Ascending

Orbit .

altitude

Altitude —
(of ISL)

E.g. two orbital

planes with ————
different altitudes

13 Rohde & Schwarz

Longitude
Latitude
*
ISL constellation
Hjuato "+grid"
’ Descending
] o
/\/ .;?j s |ntra-plane ISL
y &§m e |nter-plane ISL
< 8 & " m = = = Closs-seam |SL
§E
153
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NTN: DEPLOYMENT ASPECTS - BEAM LAYOUT

« Satellite with multiple beams
« Each beam can be a “different cell” e.g. PCl or via SSB_Indices with same PCI

« Spectrum re-using or clustering possible
Mazamum UE-satellite %

Central beamn A7 distance

Farthest beam

“Beam edge elevation” “Beam centre elevation” “B eam edge elevation” “Beam centre elevation”

of the central beam of the central beam ofthe farthest bearn = of the farthest beam=
Mmmnuabeamn edge Mo beaan center
elesation elevation

14 Rohde & Schwarz
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RF ASPECTS & CHALLENGES
F g™ 7 QR Sy, 2
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NTN PROPAGATION ASPECTS

Spaceborne: GEO g}
Spacebome: GED g@ =
W

A
Obstructsd link;
assumption:

f::"" 10 GHz

Unobstructed link;
assumption:
fc = 10 GHz

16 Rohde & Schwarz
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NTN FADING ASPECTS

Propagation differences betwesn terrestrial and non-terrestrial scenarios

NLOS
| Angular

hi

U

s ®%§ﬂ iy

= = Planar wave
propagation

i

Coverage loss, e.g. FR2

New satellite link model

Combine satellite and

o
terrestrial channel models =

Dynamic
delay

Dynamic
attenuation

Satsllite Satellite  Scintillation.
orbit Doppler  rain and cloud
shift

17 Rohde & Schwarz

LOS

=P

Terrestrial model
based on TR 38.901

Terrestrial
path loss and
shadowing

Convolution

Scenario- Large-scale
spacific and small-scale
macro cell  cell parametars
paramaters
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CHALLENGES OF RTT AND DIFFERENTIAL TIME DELAY
- ROUND-TRIP TIME

Round-trip time (RTT) =2 - (T I+ }+Z ThI+T|I'u:l+T|]u:2

3. Retransmit with new
redundancy version (RV]

18 Rohde & scnwarz
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CHALLENGES OF RTT AND DIFFERENTIAL TIME DELAY
- PERSPECTIVE NTN SATELLITE

Elliptical beam footprint g@ Residual Doppler shift = max lfresiduaH - fresidual 2]
is elevation-dependent = Differential delay = max (T )

‘Q‘:—-_. prop2 - Tprupl

% Satellite orbit, distance and
= elevation cause residual Doppler

shift and differential delay

Path loss (FSPL)

:7 dependent on elevation

Doppler shift and delay
visible at RX entity

' fresidual 2 2- fresicluall

z: Tpropz 2 'Tprnpl

L],
L,

UE

19 Rohde & Schwarz
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CHALLENGES OF RTT AND DIFFERENTIAL TIME DELAY
- PERSPECTIVE UE

I:i-rrl'l'lﬂili
RTT
min
Elevation — Elﬁﬂ.'at'mnI1adir Eliav.-'at'lﬂni“mmSS
. ‘
= - #
! TN
RTT i = two-way latency -
at shortest distanca, 0

corresponds to RTT .

Elsvation angle

==___

20 Rohde & Schwarz
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CHALLENGES OF DOPPLER SHIFT WITH TIME

F 1
+ Dopplarmax
GMNSS
AR
GNSS optionally used
by LED for orbit control
—anplarmax
Elevation . Elevation__ Elevation.
axit nadir init
- g@- . -
— = - — v .
= - max_approaching
L
«” 2 =N
GNSS used by UE SIP with

for earth position

ephemeris info
max_leaving determination

GNSS _D Elevation o
——

[ Horizon

21 Rohde & Schwarz
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PROTOCOL STACK FOR 5G NTN

Cross-country border coverage,
earth-fixed timing advance,
RAN type signaling

Mobility, reporting, link control,
ephemeris info, RRM adaptations

23 Rohde & Schwarz

NR SDAP

NR PDCP

NTN-specific applications (optional)

QoS flow = new QoS profiles

Security, in-sequence data and
duplication = timer adaptations

AM, UM, TM
= timer adaptations

HARQ, timing advance,
SR and BSR reporting, RACH

Link budget, delay, Doppler,
polarization, beamforming, OFDMA
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SOLUTION TO LONGER AND VARYING DELAY
- HARQ OPERATION ASPECTS WITH NTN
0 o

$E

Transport block (TB),
redundancy version (RV0)

: ACK/
) i NACK
3 e e e e R
Delay Tprop‘l Tslot Tpmc1 Delay TpropZ Tslot TprocZ
THARG

Constellation No. of HARQ processes | UE side feasibility
Terrestrial 16 ms Rel. 15
LEO 50 ms 50 theoretically, HARQ extension

3GPP agrees to 32 Assumption: 15 kHz
GEO 600 ms 600 theoretically For future study SCS and 1 ms slot

duration [TR 38.811]

24 Rohde & Schwarz
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SOLUTION TO LONGER AND VARYING DELAY
- HARQ OPERATION ASPECTS WITH NTN

%

@ P Delay / Round-trip-time RTT per HARQ process
é Cﬂ

S S S i S i S

L2058

Time

b A A kA A kA A A Ak Al A

- HARQ stalling UE

\ 4

HARQ process with activated
retransmission mode
=> HARQ mode A

HARQ process with de-activated
retransmission mode
=> HARQ mode B

Long RTT will hinder UE data rates (HARQ stalling). Countermeasure:
+ Extend the number of HARQ processes up to 32
» Disable HARQ per process and send data with de-activated retransmission mode

25 Rohde & Schwarz

v
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SOLUTION TO LONGER AND VARYING DELAY

- K-MAC
I: rd ‘:I
woo [l o
i: N X?ﬁl(oﬁset + KW :

gNB UL (logical n \\

|
I K-Mac

g

AN

unalignment between
DL and UL

gNB UL (actual)

|

K-Mac allows accounts I
for an optional {
1

1

|

UE UL

n B
B

;I: 3 ms :I DL command activated

UL command activated

26 Rohde & Schwarz
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SOLUTION TO LONGER AND VARYING DELAY

- K-OFFSET

Terrestrial: ,send

PUSCH in K> siots” RN

l Downlink PDSCH with DCI scheduling of PUSCH

K-offset

n+

»
I'

T

i prop _‘:

+K-offset

[~

Timing advance T+,

T

prop

i

|
JE uL[al

K2

K-offset

Problem: PUSCH TX before RX of DCI scheduling!
=> correction needed

27 Rohde & Schwarz

1

PUSCH TX at n+K2+K-offset

L gl
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SOLUTION TO LONGER AND VARYING DELAY
- K-OFFSET

i\%% NTN-Config contains:

cellSpecificKoffset
[0..1023 slots @ 15kHz]

prop
prop_B

N N Koffset has an impact on timing of:

« DCI scheduling of PUSCH

To cater for UE specific delay, * PUSCH TX as RAR response

Kue ofiset @8 UE-specific value [0..63ms] *  HARQ-ACK timing

1 + PDCCH orderer PRACH transmissions

« Timing advance

» Transmission of SRS

» CSI-RS reference timing

R R Differential Koffset Qct 1

I Kottset = Kcell,offset - KUE,offset I
28 Rohde & Schwarz
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SOLUTION TO LONGER AND VARYING DELAY
- TIMING ADVANCE

gNB frame timing DL
(t )) |

w " Downlink

UEp

—=

Downlink, UE = RX

Torop_ e Downlink, gNB = TX :
Pr°P i -
\ 8 N ! + UE frame timing DL
UE

B

UE.. . 1

=’IT|ming advance (TA) = 2T, o, + Tosrset

Timing advance aligns Uplink, UE = TX : !
UL signals at gNB () T oo Ton 2
Uplink, gN& I!?X '

Timing advance with perspective UE and gNB.
Toirset CAN indicate an optional time difference between UL and DL frames at the gNB

29 Rohde & Schwarz
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SOLUTION TO LONGER AND VARYING DELAY
- TIMING ADVANCE ASPECTS: SIMPLIFIED VIEW

UE

common| Meant to pre-compensate the two-way delay on feeder

ALY Sl W,
Meant to faster §@
control and pre-
adjust the serving

link RTT by UE >
Q
0%
. )
Ny, indivual >
Y %)
Timing F
2
advance )\

—
®))
g Timi
N imin
commands 5 g
%) advance

reporting

link (exact between reference point RP and satellite)

ISummary timing advance control:

»  TA command send by NW to UE (legacy method)

»  Autonomous adjustment to counter long TA control cycle
delay with autonomous adjustment

»  System information info to enable UE to calculate common
TA elements, feeder link RTT = common to all UEs

- UE reporting of TA to support network

ZEEt (TAR): identify

%) ()
4 é Optionally, the network may configure a constant time

[—l O I K-mac offset (K-mac) between DL and UL

outliers

DL frame i

30 Rohde & Schwarz
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SOLUTION TO LONGER AND VARYING DELAY

- RANDOM ACCESS

= RACH extension and response timing

RAR window timer
starts (X frames after
PRACH TX)

RAR window timer
ends (1 to 80 slots)

31

2 56 terrestrial

paR e

i ()

Rohde & Schwarz

Problem:

Y

Failed PRACH attempt D '

due to long delay

RAR window timer
starts (X frames after
PRACH TX)

RAR window timer
ends (1 to 80 slots)

Out of time =
retrans Preamble \
Proposal:
» Dffset to RAR window
» Extend RAR window
(energy consumption)

TS

5G non-terrestrial

Contention
resolution
timer

RACH contention resolution

=Y 5G terrestrial

%’

e

M:

593 SCheduleg I'e

Wsgh contentol
Tesolute? ©

(%)

RAR window
timer starts
[with NTN
extension)

RAR window
timer ends
{1 to 80 slots)

Problem: Long monitoring period, _
high energy consumption -

Proposal:
» Delayed start of contention
resolution timer

=Y 5G non-terrestrial

Ha

P,
40'/.0@3 s,
/o
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NTN MOBILITY SCENARIOS

§& S

Cell selection/ Intra-satellite/ Inter-satellite handover/
cell reselection inter-beam handover inter-satellite dual connectivity (DC)

<4—>» NR-NTN connection

L EEEL L » Target or simultaneous dual connectivity NR-NTN connection
4===== » Target or simultaneous dual connectivity terrestrial connection

&

32 Rohde & Schwarz

NTN — terrestrial
handover/DC




Mobile Test Summit Korea 2024

NTN MOBILITY SCENARIOS
- CONDITIONAL HANDOVER PROCEDURE

= A = A
[7p] w
o= o=

Handover trigger

based on RSRP 5§ ———— %

() change () 2 | NTN: only marginal %6 %
é A RSRP change
» Time » Time
S~ ’ . ~— > -~
NTN handover (inter-SAN)

Terrestrial network handover

<4 %
2, 4 &

Reference [0cation f ¥ - - = == ———

Conditional handover (CHO): network configures UE with triggering condition; e.g. distance between UE and reference location

33 Rohde & Schwarz
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NTN TRACKING AREA ASPECTS

Soft switch:
in 56, one cell can
belong to multiple TACs

PLMN 1D no. 1, A
TAC no. 2 A

PLMM 1D no. 1
[AC no. 1

Gaographical area no. 3

5G NTN supports Earth-fixed tracking area codes (TAC) and multi-TAC signaling

34 Rohde & Schwarz
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NTN TRACKING AREA ASPECTS

N? interface

Q,% - = |

0 > v T

NS ‘9‘?’9;% AMF supporting
4 country A

I,f;.'-

Service link,
Uu interface

S S —

AMF supporting
RAN country B

= )

AMF supporting
country C

35 Rohde & Schwarz
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loT-NTN vs NR-NTN
CONCISE OVERVIEW

LTE-M and NB-loT based
GNSS Best effort QoS
”ﬂﬂﬂﬂ Energy constraint
ﬁ% = Low & sporadic throughput
R17: UE support GNSS mandatory / Worldwide coverage

R18: NTN without positioning No or idle mode mobility only (NB-loT)
2 g\%@% Connected mode mobility for LTE-M Frequenc} sab-BGHz
ite ) NB-IoT
5G (&6G) based _ = —— Dﬂgﬂm
Long term evolution from N = W
3 interworking to unification VS AmTyEpe Ulm\// K) WUWIUUL b

Higher throughput envisaged temtehtc
Mobility scenarios Frequency both FR1 + FR2

((( {e ))) Frequency extension FR2 + Multiple mobility & dual
FR3? connectivity scenarios

Rohde & Schwarz
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NB-loT/eMTC SUPPORT FOR NTN
MOTIVATION

Motivation: Making the Internet of Things ubiquitous and global

Justification
» Industries where loT operation is critical in remote areas:

» Transportation, logistics, solar & oil industries, gas
harvesting, farming; environmental monitoring, mining,

» Best effort QoS =

» Delay tolerant
» Low throughput

ete. lUE types for IoT-NTN:

» UE in coverage enhanced mode
¢ NB-loT UEs

L Bandwidth limited. low complexity (BL UE) = LTE-M S%‘PEEE% %’ ?&\C

» NB-loT and eMTC fit these use cases but suffer from low/no
cellular connectivity.

» Satellite connectivity it's required to provide global
coverage beyond terrestrial deployments.

38 Rohde & Schwarz

Challenges:

¢ Link budget (UE = PC3 (23dBm)

» FR1 spectrum + Omnidirectional antenna (~1RX)
» Satellite accessibility vs. Battery consumption

» Doppler shift and timing advance
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loT-NTN

TRANSPARENT PAYLOAD ARCHITECTURE

GEO and LEO
orbit scenarios

GNSS

@ GEQ = continental /
§@ regional service

AT

Serving

S§ | EO = regional service, e.g. polar <&
$C

regions as well (non-permanent
accessibility)

link
link

Transparent
repetition

Feeder

Iransparent repeat

Satellite can be seryved by
multiple eNB

eNB can serve multiple
satellites

.~ Fixedor
\\ /¢ steerable beams
VAV ossible
e P

Possible. but lower prio

—

= 5 ]

gateway

(NG-eNB)

39 Rohde & Schwarz

SE 2,

BN

I

-.éﬁ

1
' ‘i

S
i
L

V]
Ny

&

Data network
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NB-loT OVER NTN
PHYSICAL LAYER ASPECTS

The uplink and downlink total transmission bandwidth is 180 kHz (200kHz channel BW)
Downlink: OFDM with 15 kHz subcarrier spacing (1PRB)

Uplink:  SC-FDMA with 3.75 kHz and 15 kHz for single-tone transmissions and
optional multi-tone transmissions with 15 kHz subcarrier spacing

Only FDD in half-duplex mode (analog to UE Cat. 0 half-duplex Type B)

Reduced downlink transmission schemes (MIMO):
TM1: single antenna port, TM2: two antenna ports, using fransmit diversity

Only mobility in IDLE mode is supported \
In-band operation Guard-band operation Standalone operation
- - -
o |e =
I.-. IIIII I... IIIIII I-.. III Il
= = =
Y Y Y
LTE carrier LTE carrier e.g. GSM carrier

40 Rohde & Schwarz
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NB-loT NTN
PHYSICAL LAYER ASPECTS - TIMING

T, = timing advance, corresponding to
serving link RTT + Common TA

Common TA = RTT between satellite NTN
ayload and reference point (RP)

\k-mac = RTT between RP and eNB |

ﬁptional, the network may configure a
g) constant time offset between DL and UL

41 Rohde & Schwarz
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NB-loT NTN

PHYSICAL LAYER ASPECTS - TIMING ADVANCE

UE specific TA command received by MAC CE

Tt = timing advance,
corresponding to serving link
RTT + Common TA

(frame structure type 2,

T

42 Rohde & Schwarz

NTA

&
) Nm,nav =Ny T (7, -31)x16 Nraorfsec=0 OF 624
\ D
Try = ( +pVTA0fmg}on + N}’jadj)l
—

UE calculated TA due to
istance to reference poin

Common TA (unit ps)

&
\

Drift rate of common

()
L I ) TQ“‘”” HSlS)

Drift rate variation of common TA (unit us/s?)

1 .4 commonDrift commonDriftVariation 2
De’!aycommon(t) = E [N_Iggmmon + NTA e (t - tepoch) + NTA 4 ' (t - te'poch) ]

Epoch time of satellite ephemeris data’

/
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NB-IOT NTN CONNECTION SCENARIOS

’\ IoT-NTN UE is equipped with GNSS positioning, but no simultaneous
NTN and GNSS operation

GNSS

Short, sporadic connections
Uplink

Rand
GNSS Air;egg' Data Deep Sleep (e.g., up to ~8 or ~24 hrs)

Long connection, with optional CDRX activated

Random|| Uplink Uplink
GNSS Dpata CDEX ~10s GNSS Dpata L

Access || Data | ™7 % = 5 = "
bhallenqe: GNSS requires energy consumption

43 Rohde & Schwarz
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loT-NTN DISCONTINUOUS COVERAGE

UE faces discontinuous
coverage.

UE predicts coverage & out
of coverage periods

parse satellite constellations.
0 permanent coverage

UE may stop cell retrieval steps when
n ,discontinuous coverage*
situations, to save battery

Ephemersis
information in SIB32

To enable UE DRX and power saving periods, the network
supports with start-time of upcoming coverage info
44 Rohde & Schwarz
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loT-NTN DISCONTINUOUS COVERAGE

l Y %\%3 Eparse satellite constellations. UE
S ill face discontinuous coverage

Connected mode:

» Not considered as cumbersome sore point as best effort QoS and delay tolerant + sporadic transmissions

» Handover for LTE-M based on Rel.16 legacy or CHO methods.
» |0T-NTN may need several retransmissions => if cell disappeared, retransmission on new cell tbd

dle mode:
»  Network may support with new cell info like e.g. time to service start (SIB32)

» Critical aspect is the configuration of DRX/PSM cycles. What if active period coincides with discontinuous

coverage?
> Predicting of coverage and out-of—coverage is up to the UE implementation

45 Rohde & Schwarz
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loT-NTN SHORT AND LONG CONNECTIONS, SEGMENTATION

-~ B -

GNSS acquisition SIB acquisition =PRACH DEE] Deepsleep . .

and UL frequency. UL segmented transmission is possible.
=>Drawback: Extended energy consumption due to re-acquisition of
GNSS+SIB and precompensation

% JUE uses GNSS position and SIB info to precompensate Timing advance

GNSS

AN

GNSS SIB PRACH Data it

UE capability & network config:
Minimum supported gap length between segments  ntn-
SegmentedPrecompensationGaps” [1 symbol, 1 slot, 1 subframe]

46 Rohde & Schwarz



Mobile Test Summit Korea 2024

loT-NTN NON-ACCESS STRATUM(NAS), TAC SIGNALING

Network supports with Earth-fixed tracking areas + multi-TAC signaling in SIB

E_UTRAN cell global ID (CGI) [28 bits]l
%, IBSNR CGI [36 bits)
W

. Switchover
‘e, = feeder link change to other gateway
"o,. (transport network procedure)
*..,Note: eNB change is possible with feeder link switch

Wrt to Earth footprint, (22 @4 (( )
Q)

thecellIDisa “ m 0 . 0 EPS

.mapped cell ID". |

Eg. a hical eNB =|=|=

g. a geographica e =

area can be mapped - |

by multiple cell IDs RAN configures mapping between mapped Coordination on eNB
cell ID and geographical area. E.g. when UE broadcasted TAC between
reports location info, RAN coordinates RAN & MME
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loT-NTN UE INFORMATIONREQUEST& REPORTING

Network may retrieve information from the UE

— Security activation
E E < UE information request %

=)
UE information response >
May include:

RACH info: #preambles and contention resolution result
Coverage enhancement level or initial NRSRP level
Radio link failure (RLF) report

Logged measurement results

p

Coarse location info (accuracy £2km)
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REL-17 NR-NTN vs loT-NTN

Scenarios and general

NR NB-loT eMTC
Support for GEO, MEO, LEO, HAPS v v v
Payload type Transparent Transparent Transparent
Cell-ID / CGI corresponds to fixed geographical areas v v v
Specific support for sporadic short-data transmission x qf(main use case) + (main use case)
Support for soft and hard feeder link switchover v q/ q/
GNSS support for TA estimation and frequency pre-compensation v v v
Support for indication of DL/UL polarization information v x ) 4
TDD/FDD FDD only FDD only FDD only
Support of Discontinuous Coverage X + (SIB32-NB)  (SIB32)
Broadcast of satellite assistance information for the serving cell. « V( V(
(state vectors or orbital parameters formats) SIB19 SIB31-NB SIB31
Positioning based on GNSS v v v

« Supported ¥ Not Supported / Not introduced ® Not Applicable A Topic not fully discussed by 3GPP
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REL-17 NR-NTN vs loT-NTN

NR NB-loT eMTC
Enhancements to CHO Legacy RLF and connection Rel-16 CHO
Connected mode NTN mobility +  Time-based triggered re-establishment procedures®
+ Location-based triggered
Broadcast information on when a v v v
cell is going to stop serving the
area for cell (re)selection and cell t-Service in SIB19 t-Service in SIB3-NB t-Service in SIB3

measurements in quasi-earth
fixed cell scenarios

v A A

TN-NTN mobility
Not disallowed —May work** Not disallowed — May work™**

+ Supported P Not Supported / Not introduced ® Not Applicable A Topic not fully discussed by 3GPP
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" OUTLOOK
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NTN REL-18 TOPICS OVERVIEW

5G NR-NTN enhancements in Rel. 18 (overview

ZI— [

Mobility & ser.;ice continuity M Coverage extension & power aspects NW estimated UE location New spectrum

« Same PCI SAN switch + PUCCH repetition (Msg4, HARQ) ¢« <10km accuracy position estimate « FR2-0-NTN

« NTN-NTN Handover + PUSCH DMRS bundling + UL TX-RX time difference « 17.3-30GHz

* Reduced signaling * TN-NTN cell reselection signaling « VSAT/ESIM UE type
» Terrestrial coverage area + UE power class, e.g. PC1.5

5G lIoT-NTN enhancements in Rel. 18 (overview)

’J‘k &
A o
I oou
+ Disable HARQ + Conditional handover for eMTC + Mobility management
- GNSS operation + Time-based triggering of neigbour cell measurements ., paower saving enhancements

+ RRM measurements location based
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INTERACTION BETWEEN TERRESTRIAL AND NON-
TERRESTRIAL

Interworking

Rohde & Schwarz

Integration m
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MULTI-LAYER MULTI-DIMENSION MULTI-BAND (ML-MD-MB)
TOPOLOGY

SEQ— lhter ;B%@__%g?sﬂpg.i_m%ﬂ________ @ _

VIE — 'S'ételhte =
ﬁ .’ _links=~

. s~.. a ’,1, %ﬂ?
LEO i n"b S/ 4 Es
NTN Backhaul LEO swarm
packhau HAPS UAV swarm:, @
' Feeder link s
l LAPS ) “Service link

Air-to-groynd

Multl AV . N NTIQI
= a\;ontrol R '

connectlwty

' 3 (). | 2aae ( =,
( \ \ o B Q) K =)
5@2{} A, L1 % L . I A )'\”’4‘ VSAT| L1
Core l o] 7 --nDdDOSE
’ cloud | ~ Sidelink ™= =

@*7‘“
o A Unified networks, outlook to 6G
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ADDITIONAL RESOURCES

5G technology book oline version igcn:mmg\sigﬁg -
(>1000 pages on 5G technology):
www.rohde-schwarz.com/5G-ebook i

NON-TERRESTRIAL NETWORKS

WORLDWIDE SPECTAUM ALLOCATIONS Courtesy of Hohda & Schwarz

Whitepaper
e , ‘
i https://www.rohde-schwarz.com/solutions/test-
TR A and-measurement/aerospace-

defense/satellite-test/white-paper-5g-ntn-

Worldwide Spectrum Allocation Poster (2020) i : :
Free "Demystifying 5G NR" poster | Rohde & Schwarz takes-flight-technical-overview-of-5g-non-
(rohde-schwarz.com) terrestrial-networks 255919.html
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