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5G NTN INTRODUCTION AND MOTIVATION




5G NTN - HOLISTIC VIEW
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5G-NTN FOUR FACETS (PERSPECTIVE USE CASE)
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5G-NTN DEPLOYMENT TIMELINE (E.G. AUTOMOTIVE)

2024 2025 2026 2027

5G NR 5G NR
Narrowband Wideband
SOS
N
7R @

SOS messaging
Road safety
Voice call (4kbps)

Fleet monitoring
Vehicle diagnostics
Navigation support
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Entertainment
Video call / conference
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NewSpace CONSTELLATIONS
I T

Space X (Starlink)

OneWeb

Kuiper

Galaxy Space

Boeing

Inmarsat

Telesat

Echostar

HughesNet

Viasat
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12000+ (3580) Ku-band
648 (542) Ku-band
3236 (0) Ka band
1000 (7) Q/V spetrum
147 NGSO (1) V band
14 GEO (14) TBD
188 (2) C, Ku, Ka bands
10 GEO (10) Ku, Ka, S bands
3 GEO (2) Ka band
4 GEO (4) Ka band
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5G NTN FREQUENCY ASPECTS & ARCHITECTURE
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5G NTN SPECTRUM & UE ASPECTS
FRL: NTN bands

Band Region Related Band UL low UL high DL low DL high

n253 L-ext 1668.0 1675.0 1518.0 1525.0
n254 EU L+53 FDD 1610.0 1626.5 2483.5 2500.0 Link level FR1 NTN-UE or loT- FR2-1N VSAT UE
n255 EU n65 FDD 1626.5  1660.5 15250  1550.0 ISR CE
n256 NA n24 FDD 19800 20100 21700 22000 X Power R 2 21 gl (20
(200mW)
(note: more likely 23
Band Region Band UL low UL high DL low DL high Antenna type Omnidirectional 6_Ocm aperture
type MHz MHz MHz MHz diameter
n510 27500 28350 17300 20200 Antenna gain TX/RX 0dBi TX: 43.2 dBi/ RX: 39.7
dBi
n511 us FDD 28350 30000 17300 20200 . .
Noise figure 9dB 1.2dB
n512 EU FDD 27500 30000 17300 20200
Polarization Linear (dual polarized Circular polarized

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

Region 1 12.75-13.25 & 13.75 - 14.5 10.7 - 12.75
Ku Region 2 FDD 12.75-13.25 & 13.75-14.5 10.7-12.7
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5G NTN: CONSTELLATIONS

North = +90°

Earth's radius RE

“Slant Orbital
inclination

Minimum
elevation angle

Equator (symbolic) = 0°

Horizon

Altitude “2 _ = -

South =-90°
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5G NTN: CONSTELLATIONS

Platform Altitude Beam footprint

5§ 35786 km Position fixed in elevation/azimuth to a given 200 — 3500 km
§: Earth point
,5//\ GEO LEO 500-2000 km  Circular arount the Earth. Not stationary to a 100 — 1000 km
. given Earth point

Fixed beams: Moving with

Steerable beams: Fixed with
respect to Earth’s surface

respect to Earth’s surface
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5G NTN: EARTH-CENTERED, EARTH-FIXED (ECEF) COORDINATE

7 @: latitude

North pole 4 \: longitude

a: major axis

b: minor axis

X, Y. z. ECEF position

Prime meridian

(0° longitude)
b 4
/< 4 g \
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Equator
(0° latitude)
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NTN: TRANSPARENT PAYLOAD ARCHITECTURE

Spaceborne
station

o
$%

Transparent
FDD repetition
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3GPP
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Data network
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NTN: TRANSPARENT PAYLOAD - PROTOCOL STACK, U-PLANE

UE Satellite Gateway 5GC UPF

gNB

PDU

B

TCP/UDP IP

TCP/UDP IP

NR SDAP NR SDAP GTP-U

NR PDCP UDP

NR PDCP

NR RLC NR RLC

NR MAC NR MAC L2

NR PHY L1

il

NR PHY

XINNNE
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5G NTN INTEGRATION SCENARIOS WITH 5GC

RAN sharing

Core ! ! Core | | Core i i Core : i Core
Network i ! Network [ i Network : : Network ——— Network
5 5 A || B i : A || B
| 3GPP Non- 3GPP | | 5 i i
L | terrestrial Terrestrial | ! : 32553':%?' % Tes;rC;ZtFr)ial | 3GPP Non-
. |radio access radio access| A Sy ! terrestrial
' | network network | | | RAN
() % (@) i aF
\k%% 6 V3 B, | |
PLMN PLMN A PLMN B! PLMN A Ak PLMN B

Note: for sTr?TpIification, only NTN service link is depicted — —
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NTN: REGENERATIVE PAYLOAD ARCHITECTURE

Spaceborne Inter-satellite link

station with (@), (ISL) Y (« %
gNB. Here DU A
plus CU are

included in the & 3GPP NG
NTN-gNB E4 interface over

satellite radio
interface (SRI)

3GPP 3CNEZP 3(:I|(:;p
NR Uu W o
interface Interface S interface /f)

Data network

gateway
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INTER SATELLITE LINKS (ISL

Longitude

Intra-plane ISL

Ascending

ISL constellation

Orbit altitude_ ,+ grid®

—

Altitude (Of |SL) ¢ Descending
E.g. two orbital planes_— @\/ m——— |Ntra-plane ISL
with different altitudes (ég: e | NtET-plane 1SL
L & = == == Cross-seam ISL
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595G NTN RF ASPECTS AND SOME CHALLENGES




NTN: FADING ASPECTS

Propagation differences between terrestrial and non-terrestrial scenarios

NLOS
s i

n Angular :69 @’%
\

LOS
spread = Planar wave n jD
\ Wropagatmn \ \\
i :

Coverage loss, e.g. FR2 Iﬂl

—

| Terrestrial model
I based on TR38.901

Terrestrial
path loss and gg Convolution
shadowing

| New satellite link model

Combine satellite and “D%@ Dynamic Dynamic
2

terrestrial channel models delay attenuation

f

| |

| |

| Satellite Satellite  Scintillation, | Scenario- Large-scale

| orhit Doppler  rain and cloud | specific and small-scale
shift macro cell  cell parameters

| | parameters

L. N
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NTN: FADING ASPECTS, PATHLOSS

Terminal

Earth's
surface

d=+R7sin"a+h?+2hR,-R,sina

a: elevation angle (angle at which the UE sees the satellite, e.g. minimum elevation, approx. 10°)

Ry earth's radius = 6371 km

h,: satellite altitude
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CNR=EIRP +G/T -k -FSPL -PLy-PLs-PL.—-PLsp-B

Frequency

TX: EIRP

RX: G/T

Bandwidth

Free space path loss
Atmospheric loss
Shadow fading margin
Scintillation loss
Polarization loss
Additional losses
CNR

2 GHz
78.8 dBm
-31.6dB-K™
30 MHz
159.1 dB
0.1dB
3dB
2.2dB
0dB

0 dB

6.6 dB

2 GHz
23 dBm
1.1dB-K™
0.4 MHz
159.1 dB
0.1dB
3dB
2.2dB
0dB
0dB

28 dB



NTN: PATH DELAY, ROUND-TRIP TIME RTT

Round-trip time (RTT) =2 - (T
S

)+2-T, +T +T

prop1 propZ slot procl proc2

Delay T Delay T

prop1 prop2

2. NACK forward

1. NACK .

4. RV retransmission slot

3. Retransmit with new
redundancy version (RV)
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NTN: RTT ASPECTS, UE PERSPECTIVE .

RTT ax
GNSS GNSS optionally
E} used by LEO for " RTThin
o= orbit control Elevatione, Elevation, g Elevation;,;

-——--~
->

-

corresponds to RTT

= —_—
| TSN
RTT, .qr = two way latency S Y
at shortest distance,

Elevation angle
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NTN: DOPPLER SHIFT RATE IN A LEO SCENARIO .

- +Doppler .
GNSS GNSS optionally Doppler,,
f E used by LEO for .
=~ « Qrbit control
~ - -Doppler,, .«
-y : ‘ Elevationexit Elevationnadir ElevatiOninit
Vo
m oy — — _)
- - = - - — Lmax_approaching
- =~
é,&J lSIBwith ‘*&,@
Ephemeris =
N info

GNSS used by UE
for Earth position
determination

V max _leaving

N

Elevation a Horizon
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REMINDER: ANTENNA POLARIZATION

\

Vi X
Vertical Polarization

?’\Ellwl\-”‘lay‘lg:”liza[iﬂl1 ’ U IonOSphere celllges
X —z o \( Faraday rotation effect.
eft-hand - . - .
=> circular polarization is

circular polarization
Circular poarizaton better protected against
those anomalies

()

Geometric differences if satellite
Terrestrial communications often use vertical polarization. moves with respect to the fixed Earth-
Geometry of antennas is quasi-static bound station => linear polarization

may lose alignment
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NTN: ROUND-TRIP-TIME ASPECTS AND HARQ

Time
Transport block (TB) : ACK : Retransmission,
| Redundancy version RVO 1 NACK RV1
| | : |
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
| i ACK : : |
1 I NACK 1 1 1 R
1 L R D P P L g
E Delay Tpropl Tslot Tprocl Delay Tpr0p2 Tslot Tprocz E
: Tharo :
Constellation #HARQ processes UE side feasibility
Terrestrial 16 ms Rel. 15
LEO 50 ms 50 theoretical HARQ extension
el agrees o2 Assumption: 15 kHz
GEO 600 ms 600 For future study SCS and 1 ms slot

duration (TR 38.811)
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NON TERRESTRIAL NETWORK CHALLENGES

Idea to adjust large timing advance values:

guet [ TTTTTTTTTTTTT]
Delyy | = large TX — RX offset in the UE
. m: vl I TTTT T TTTTTTITT]
UEULFI [T 11 III [TTTTTT]
Dislay |
gl I T T T T T T T TTTTT1]
T | T T |dea to adjust shorter timing advance values:
T | — large TX — RX offset in the gNB
um&hu 1 'I' [TT T T T T T TTITTTT] = possibleSFN shiftingNB for UL/DL

o Delay

Timing advance depends

on UE and cell specific

values + TA control

| 1
v B T T T T T TTTTTTTTITTITIT]
| |
! 1
UI\IBU[||||||||||IH|||||||| %
| =

gNB DL-UL frame timing shift

Tra = (Nga + Nraoffset +

COHIIIIGII
TAadj

Aam)T

(@)

e —

Reference point
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NON TERRESTRIAL NETWORK TIMING ADVANCE

gNB frame timing DL
<(( ))) '

B " Downink

T |
prop_UEA T Downlink, gNB = TX !
prop_UEp A l .
N N ! ' UE frame timing DL
D ' Torop
\ S Dovnink
D Downlink, UE = RX | :
U, S -

»Timing advance (TA) = 2T

Timing advance aligns

_ Uplink, UE = TX | !
UL signals at gNB

prop + Toffset

<§> :, Tgrog |T0ffielt

Uplink, gNB = RX

Timing advance with perspective UE and gNB.
T,iset CAN INdicate an optional time difference between UL and DL frames at the gNB
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NTN: RANDOM ACCESS PROCEDURE WHEN LARGE RTT

()
)

PRA
RAR window timer —
starts (X frames

e
after PRACH TX sSa

) RAR S
RAR window timer

ends (1-80 slots)
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Proposal:

Problem: Failed PRACH attempt
due to long delay {

RAR window timer
starts (X frames
after PRACH TX)

RAR window timer
ends (1-80 slots)

Out of time => retrans Preamble \

Offset to RAR window
Extend RAR window
(energy consumption)




5G NTN MOBILITY SCENARIOS - EXAMPLES

S S & S8
Z /9 74 > 2
N - |y

Cell selection/ Intra-satellite/
cell reselection inter-beam handover

Inter-satellite handover/

NTN — terrestrial
handover/DC

inter-satellite dual connectivity (DC)

<4—>» NR-NTN connection

<4----- » Target or simultaneous dual connectivity NR-NTN connection
<4----- » Target or simultaneous dual connectivity terrestrial connection
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5G NTN HANDOVER EXAMPLE (CHO)

EA
Cf) (0]
= Handover trigger N
an
based on RSRP & — %
() change () 2y | NTN: only marginal \&
A A RSRP change
» Time » Time

Terrestrial network handover NTN handover (inter- SAN)

G—o
CHO request

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

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

PLMN ID ne. 1,
TAC no. 1

Geographical area no. 3

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

MIB —=p INOt relevant for NTN UEs / NTN cells => see SIB1
cellarred

(%) Barred or not present = cell is not allowed for NTN

SIB1 - _
cellBarredNTN ,ﬂ Not barred = cell is allowed for NTN

Not|barred indirdctly indicates SIB19 exists =
UE obtains several NTN information:
SIB19 :
NTN info N Ephemeris
D Common timing advance parameters

Validity time of SIB info
Timer info (e.g. Kmac, Koffset, service time)
INTN-config (e.g. neighbour, polarization)

UE starts timer T430 => re-acquire SIB19
Rohde & Schwarz AN Exploration of non-Terrestrial network (NTN)



NTN: SYSTEM INFORMATION

@%ﬂ SIB1: cellBarredNTN means, that the cell is barred for connectivity to NTN
=

SIB2 and SIB4: SSB-based RRM Measurement Timing Configuration window (SMTC),
generic parameter, but has an important effect in NTN constellations, as the SMTC
window should coincide with neighbor satellite availability

SIB2 allows the configuration of RRM relaxed measurements. In NTN only applicable for
GEO satellite neighbour cells

SIB19 with NTN specific system information

Rohde & Schwarz AN Exploration of non-Terrestrial network (NTN)



NTN: NEIGHBOUR CELL INFORMATION IN SIB19

Neighbour list and neighbour list
extension to allow up to 8 NTN
neighbour cells

/69 » Ntn-NeighCellConfigListEXxt

6S£ %> Ephemeris info ZZ%%\QZ
_/ - .
¥ in NTN-Config S

SIB19:

Ntn-NeighCellConfigList

Neighbour cells are possible on the same satellite => absence of NTN-Config in neighbour list
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595G NTN - SERVICE TIME INDICATION VIA SIB19

// T-Service in SIB19

%
“Riw

)

t-Service

Indicates the time information on when a cell provided via NTN quasi-Earth fixed system is going to stop serving the area it
is currently covering. The field indicates a time in multiples of 10 ms after 00:00:00 on Gregorian calendar date 1 January,
1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). The exact stop time is between the
time indicated by the value of this field minus 1 and the time indicated by the value of this field.

N
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NTN: UE CAPABILITY INFORMATION SIGNALING

nonTerrestrialNetwork-r17 = indicates supports for NR NTN access, i.e. essential features:
 timer extension in MAC/RLC/PDCP layers and RACH adaptation to handle long RTT
» acquiring NTN specifc SIB
* more than one TAC per PLMN broadacst in one cell.

ntn-ScenarioSupport-rl7 = indicates whether UE supports NTN features either in GSO or NGSO
scenarios. If not included, UE supports both GSO + NGSO and mobility between both.

condHandover-rl16 / condHandoverFailure-r16 / condHandoverTwoTrigger Events-rl6 = shall be
set by UE consistently for all FDD-FR1 NTN bands (i.e. TDD-FR1 and FR2 are excluded).
Indicates whether the UE supports CHO, CHO during re-establishment and 2 trigger events for
same condition.

cqi-4BitsSubbandNTN-SharedSpectrumChAccess-r17 = indicates support for CQI reporting with

4 bits per subband for NTN and shared spectrum channel access
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NTN: POLARIZATION INDICATION

SIB19 NTN-Config informs

about polarization

Right-hand
circular polarization
Lefthand £
ircular polarization
Circular polarization >

\ Folarization in DL: RHCP, LHCP or linear

Polarization in UL: RHCP, LHCP or linear
%

:

If UL polarization info is not present, but DL polarization info is present
=> UE assumes same polarization in both directions
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NTN REL. 18 TOPICS OVERVIEW

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

oy b i

Mobility & service continuity Coverage extension & power aspects NW estimated UE location
« 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 IoT-NTN enhancements in Rel. 18 (overview

_ ’l“ 5
li; S

. Disable HARQ + Conditional handover for eMTC - Mobility management

- GNSS operation * Time-based triggering of neigbour cell measurements . power saving enhancements
« RRM measurements location based
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ADDITIONAL RESOURCES

5G technology book oline version 56 NTN TAKES FLIGHT:

i TECHNICAL OVERVIEW OF 5G
(>1000 pages on 5G technology): NON-TERRESTRIAL NETWORKS
www.rohde-schwarz.com/5G-ebook g

LTS T

ROHDE&SCHWARZ
Maka idoa o

WORLDWIDE SPECTRUM ALLOCATIONS Courtesy of Rohde & Schwarz

Whitepaper
https://www.rohde-schwarz.com/solutions/test-
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-

e ((ONde-schwarz.com) terrestrial-networks_255919.html
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https://www.rohde-schwarz.com/us/campaigns/rsa/adt/spectrum-poster_253163.html?cid=802_us_mc_ADT_aoc_21-10_i______5gNRmission_spectrumposter_?cid=&mid=6339
https://www.rohde-schwarz.com/solutions/test-and-measurement/wireless-communication/cellular-standards/5g-poster-sign-up_232128.html
http://www.rohde-schwarz.com/5G
https://www.rohde-schwarz.com/solutions/test-and-measurement/aerospace-defense/satellite-test/white-paper-5g-ntn-takes-flight-technical-overview-of-5g-non-terrestrial-networks_255919.html

THANK YOU

Future networks: Fiber to the space (FTTS)
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