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5G Non-Terrestrial Networks (H| X4 4| E<|3)

Northern Sky Research (NSR) indicates that close to 10 million active revenue sources will help provide
$32.5 billion of extra revenue by 2029



“Why is Everybody Suddenly Interested in Satellites?”

1. Global coverage of
IS very expensive

2. Terrestrial Infrastructure is too
sensitive to

3. Dead zones, emergencies, text
messaging, voice, etc in
handsets are now

AST

SpaceMobile

1. has
extremely reduced in past few
years (Space-X)

2. Constellation with

are now an
achievable and affordable
project

3. Use of
enables low latency and higher
data rates



Recent Announcements in This Space

Apple iPhone 14 / GlobalStar

« Emergency SOS service for free available in 2022 — likely using approved GlobalStar spectrum

Qualcomm / Iridium / Android

» SMS texting planned for end of 2023; exclusive to phones using Snapdragon SOC using Iridium’s radio interface
Huawei Mate 50

» China’s global BeiDou satellite network for text messaging, allowing for messages in areas without cellular coverage

SpaceX / T-Mobile US

» Text messages and voice calls in “un-modified phones” using TMO PCS spectrum (likely 4G/5G) using new Starlink Satellites V2 to be launch along 2023 (no
FCC approval yet)

AST / AT&T / Vodafone

» Support for “unmodified 5G smartphones” with higher data rates (dealing with technical and regulation challenges)

Skylo / Bullitt

» Adoption of NB-loT NTN and offering two-way messaging using GEO/GSO

Omnispace
» Adoption of 5G NTN and offering 5G and loT services using LEO/MEO in US and EU



Activities from Device Manufacturer

Satellite
constellation

Globalstar

Iridium

Starlink
(SpaceX)

I Skylo

Service

SOS message

Test message

Text message

Text
message

Altitude
(km)

1440

689

530~570
335~335

Number
(CEICING))

92

thousands

——

e TR Elavonn

Radio Tech.

CDMA

FDMA/TDMA

NB-loT
NTN

Frequency

S-band
n53: 2483.5 — 2495, BW5 or 10

L-band
1~2GHz: 1,618.85 to 1,626.5 MHz

Ka-band
Satellite-to-Terminal: 10.7 — 12.7 GHz
Terminal to Satellite: 14.0 — 14.5 GHz

B1C: 1575.42 MHz, BW 32.736 MHz
B2a: 1176.45 MHz, BW 20.46 MHz
B3l: 1268.52 MHz, BW 20.46 MHz

Band: 23/ 255/ 256

e e e R




Key Aspects For Success in Handsets

1. Continuous investments on ready to support broadband communications

2. Development of would enable mass market ambitions

« Use of LEO help improve the link margin, reduce the size of the device
» Use of standardized radio access avoids technology fragmentation

3. to enable massive number of devices and enable new services

» Needed 5G enhancements to compete against new proprietary services

4, approvals and global agreements is a risk that needs to be resolved
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3GPP Technology Timeline
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5G Advanced — 3GPP Release 18 Started A CLOBAL INITIATIVE

v 1st Launch May’18 v
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H.? /10T & URLLC R 17
¢ Industrial loT
« Positioning
» Power efficiency ® | R17 Key Focus Areas & o6 o o
R Package | , NR RedCap RAN1 Stage-3 ASN.1 RAN4
Approval « eMMB evolution Freeze Freeze Freeze Completion
e [loT & URLLC /%_/:.\\’
enhancements & ABvaNGED
* NR positioning
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+ NR for non-terrestrial Package RANL Stage-3: ASN.L RAN4
networks Approval Freeze Freezei Freeze Completion
» Integrated access &
backhaul

* More power savings
e Upto 71 GHz

¢ Package
Approval
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Types of Orbits

GSO
NGSO NAEIUE

< >«

Satellite Properties LEO MEO GEO
mm
TR N B R
Ees | w [ w | e

Max Doppler (kHz) l -so — [ -3 [~ <
Beam footprlnt (km) 100 -50 100 - 500 200 - 1000

Note: These are just illustrative values for orbit comparison around 2GHz

constellations are of high interest for handsets given:
» Lower path loss

 Lower Latency

although:

» Higher Doppler due to satellite speed

. . . . N * LEO (Low Earth Orbit)
+ Large number of satellites required to achieve service continuity * MEO (Medium Earth Orbit)

* GEO (Geostationary Earth Orbit)



Satellite Communications

1. Link budget due to E
 Large distance leads to longer transmissions : H = 600Km

* Device size need to be considered

Elevation = 10° T [ e e ation = 1700

2. Propagation due to moving distance
* High and variable delay

« Varying delay of around 1-2 samples per slot

3. caused by moving Satellite
* Changes over time in LEO given moving satellite

» Doppler offset in the range of tens ~ kHz

4,
» UE needs to compensate Doppler, Delay and Time drift

« UE needs Satellite ephemeris (broadcasted by NW)
» UE’s Location (GNSS)

12



Challenges of Longer and Varying Delay

Larger propagation delay due to large
distance to satellite

Max Round Trip Time (RTT)
=Max [2x (Tpy + Tpa) ]

IS the propagation
time a packet would take since this is sent
from the GW to the terminal and back

RTT is calculated as trip
time

The propagation delay between satellite and vty )
the UE depending on
satellite’s orbit

RTT reaches its maximum value at the
minimum visible elevation angle

Time Delay Over Time

Orioit Time

e

Minimum delay when
satellite is at zenith

—__=

Minimum delay

Maximum delay




Challenges of Larger Doppler Variation With Time

Is caused by the relative velocity difference between |-

Transmitter and Receiver = carrier shift and Code Doppler effect RS Satellite Velocity based on altitude

2.00
7.00 nEC
g

Satellite orbital velocity depends on satellite altitude 5 00

+ Faster velocity is required at low altitudes in order to compensate the 4::::

attraction gravity force of Earth 2.00

1.00

0.00
For satellites, altitude is calculated so that the Satellite and
Earth rotation angular velocity matches - ~

« Special case is GEO with inclination, in which Doppler can go up to kHz

For satellites, relative velocity difference changes over time:
« Maximum, at minimum Elevation angle
* Minimum (0 Hz), at Zenith

-40000

GEO satellite with zero Doppler LEO satellite with +/- 40 kHz Doppler

14



3GPP NR NTN Technology Architecture

Focused on already authorized bands E
* Rel-17 is focused on 1.5GHz and 2.1GHz bands (S and L bands)
« Ka/ Ku bands being investigated in later 3GPP releases (>10 GHz) » Service Link Feeder Link «

Satellite equivalent to a RF Remote Unit
GEO and LEO scenarios
User Equipment(UE) with GNSS capability are assumed

| ONB_

No inter-satellite links
» Standardized in Rel-17

. NTN
Satellite 5GC: UPF
Gateway

* gNB is on the ground; no major NG-RAN changes required

* Uu interface is used in both Feeder and Service Links

 Satellite performs RF filtering, Freq conversion (if needed)
and amplification

* Potential noise amplification
15




Differences Between Transparent and Non-Transparent

Standardized in Rel-17
gNB is on the ground; no major NG-RAN changes required
Uu interface is used in both Feeder and Service Links

Potential noise amplification

Higher radio access latency

%

Feeder Link

o
] [ oNB |

NGC

Service Link

(

Non-Transparent
Not yet standardized by 3GPP
Equivalent to having (parts of) the gNB on board

Heavier payload to be put in space
Lower latency in Radio Access

It allows to have different interfaces for Feeder and Service links (e.g,

mmw)
% Cons |

Feeder Link

Service Link

16



Timing Relationship

The propagation delay
« Terrestrial Network: less than 1ms

* NTN: up to about 500ms

Distance to BS is different for each UE
(delay is different)

Solution
« UE applies a large TA, and gNB's (5)
are aligned at gNB side just like terrestrial network

i delay

A UE may need to apply a large TA value that leads to a

large offset in its DL and UL frame timing

17



New Concept for DL/UL Frame Timing in Rel-17 NTN

IS a Scheduling offset used for the timing relationships that are modified for NTN
» That is, itis used to compensate for the large Timing Advance in UL transmissions

Koffset is given in number of slots and is added to
Koffset value >= Round-Trip Time(RTT) or 2 * (Feeder Link Delay + Service Link Delay)
Koffset is applicable to UL messages including MSG3, PUSCH, HARQ on PUCCH, aperiodic SRS

K = Koffset + K2

DCI
PUSCH

18



Example with Koffset=10 and NTN Timing Advanced

(fA)) gNB DL

UE DL

UE UL

(EA)\) gNB UL

Time Delay Over Time

K = Koffset + K2 ‘

_NEEE [TTT

While Delay decreases, U
adjusts UL start by updated
NTN Timing Advanced
TA =J4.75 + 4.75
Y UL is received exactly at the
> Koffset = 10 - K2 =4 3 OneWay-Delay = 4.75 same time as earlier given

sk Sl Sl S T Koffset dictates the final offset




Time and Frequency Synchronization

An NTN UE is required to:

« Support UE-specific TA (Timing Advance) calculation based on its position and the serving satellite
ephemeris (5/15%)

» Use its acquired GNSS position and satellite ephemeris (SIB*) to calculate frequency pre-compensation to counter
shift the Doppler experienced on the service link

The UE assumes that it has lost uplink synchronization if new or additional assistance information through
SIB* is not available within the associated validity duration

NTN SIB*
- NR: SIB19
- NB-IOT: SIB31

20



Pre-Compensation of Delay and Doppler

d = (x, — %,)2+ (1 — ¥2)2+(2; — 2,)?

magnitude

000

(1)

+ ottt
(1)

VelocityStateVector-rl7

Information about the Satellite position and velocity

This is used by the UE to estimate Service Link Delay and Doppler
» Service Link

‘N\

s

Feeder Link ‘

"ae_

Delay is calculated based on

)
(X2, Y2, Z2)

of the distance vector

’

Information about the Feeder link delay and how it
changes over time

}

21




Pre-Compensation Responsibilities

UXM / GW How UE compensates

Doppler
_ Time-drift in Feeder Link Time-drift of Service Link Ephemeris based

Dela
! Delay + time-drift for Feeder and TA related parameters in NTN SIB
Service Links

Service link )
Feeder Link
(autonomously compensated by the UE) @ +

UL time synchronization reference point
UL and DL frame timing is aligned here




Pre-Compensation Procedure

The Gateway gets from a telemetry link the of
the satellite typically using on-board GNSS, processes it and
determines the satellite position and speed

The Gateway propagates the satellite position and velocity
determined from the telemetry link to the end of the frame
containing the used to broadcast the current satellite position
and velocity

The UE reads the current satellite position and velocity on the SIB
and uses its GNSS-acquired position to determine the satellite
delay and satellite Doppler shift

The UE pre-compensates the link delay and Doppler before
transmitting on the UL

23



SIB Information Is Refreshed Over Time

SIB — Satellite is at X, Ys, Z, SIB — Satellite is at Xa, Ya, Za %

SIB — Satellite is at X3, Y2, Z2 . \
< UE estimates sat posifion > < UE estimates sat position > -
_ _ t=T3
t=T1 t=T2
Absolute satellite posiiion error is corrected Absolute satellite posiion error is corrected

Is new RRC timer - maximum amount of time the IS not acquired
* In RRC_CONNECTED state, if T430 expires, UE informs the lower layers that it lost UL sync, then tries to re-acquire

SIB19




NTN Assistance Information Over New SIB

- SIB19
SIB19 contains satellite assistance information for NTN access.

SIB19 information element

SIB19 contains the NTN-Config IE with:
« Ephemeris data: Satellite position and velocity

» Timing Advance Common: Feeder link delay
 UlsyncValidityDuration: Used to set new RRC timer T430
» Koffset: To help cope with high RTT

: When Ephemeris and TAcommon starts being - NTN-Config

app“cable The IE NTN-Config provides parameters needed for the UE to access NR via NTN access.

NTN-Config information element

Additional information

* Though the information in the is continually changing,
a change in SIB19 doesn’t trigger a Sl change indication

* Thus, itis up to the on how often it
acquires SIB19

25



HARQ Enhancement

Bent-pipe
/ Satellite
/

(Hybrid-ARQ) process:
very time-critical mechanism
(even more critical at extremely long RTT)

Doner Base-Station

(DgNB)
Problem S
. Controller
* The maximum number of HARQ processes can be very Loy 1 I Way T T .T.
. p= 'p p2
large due to the high delays RTT = 2*(T, + Taot + Tproc)

« Cost: UE soft-buffer needs to be increased enormously

. - . . . F New Transmission
« Control channel reliability: HARQ feedback field bit-size or retransmission
increases enormously '

Solution alternatives

processes while maintaining

buffer size under control
| TP . I TS[at : T rocl | TP
|
: Thara
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Keysight 3GPP NTN T

est Solutions-

Propagation conditions

o LEO, GEO, HAPS, 3GPP, import
o Fading, Shadowing, Atmospheric

o Satellite modeling, Multi-satellite

-----------

= H»l:tc,,:, ;f\

0@@@@@@ oo "

g -

Channel Emulator

o NR, NB-loT UE Test

UE (DUT)

3GPP Rel-17 Compliance

o Rel-17 Koffset, 32x HARQ, NTN SIB

o End-to-end emulation in the Lab

Performance Characterization

o Throughput, Latency, Sensitivity

o Signal quality, Doppler Compensation

o Conformance Testing

aa————— — [
S[AZE A Ars AT sl ATl A
L s T = -
g = i !
= e = I'I}
—{
PRI SR (N1 W SRS | (L -
i ! |
e, ek - ..‘_‘:‘ __ -
Efayee == %
3

EEREEEELENE N

Network Emulator
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Keysight 3GPP NTN 7

‘est Solutions-Network Testing

Performance Characterization

Propagation conditions

o LEO, GEO, HAPS, 3GPP, import
o Fading, Shadowing, Atmospheric
o Satellite modeling, Multi-satellite

—,“.»\H:' H-:& = F:L'?:L

vevv0es 000

3GPP Rel-17 Compliance

o NR, NB-loT gNB Test
o Rel-17 Koffset, 32x HARQ, NTN SIB

o End-to-end emulation in the Lab

UE Emulator

Channel Emulator

o Throughput, Latency, Sensitivity
o Signal quality, Doppler Compensation

EPC/NGC
eNB/gNB

29




NR NTN Test Bed Example

Customer Equipment
Keysight Equipment

Propsim - Channel Emulator

: : UXM - Network Emulator
Emulate Satellite Link
Real UE UESim ( : (Emulate gNB) Real gNB
prmm—— (Emulate UE) —
i -i Service link Feeder link e (( ))
OR L B Q OR
D Sy E ' 'o 6000000 —
Q Ca.pture
GPS signal Triggor™*
(optional) .
Passive - Passive
signal signal
capture & : capture &
decoding™* [T T—— — = == ==:"decoding**

-

| {
o FJ‘ IQ Capture*
‘ WaveJUdge *WaveJudge Software Only Required
, ** WaveJudge Hardware Required
*** Roadmap
—

- mm =l 30

Wireless Analyzer |
— (ﬂ)tional)




NTN Test Bed — Handover Concept

Feeder link — Cell #1 (( ))
Service link .

— SEL \
- \ Feeder link — Cell #2 (%)
Service link \\ >

r 3
A

4
y

Sat #2

UXM 5G Network Emulator

0000000

= =-— o gy " s




RF monitoring at launch

Widest BW and Dynamic Range Scan 2 GHz Real Time BW
and up to -65 dBc Spurious Free Dynamic Range

Frequency Mask Trigger Combine FMT and low noise floor to
detect signals as short as 227 ns with 100% POI

Real-time spectrum analysis allows

gap-free capture of signals Analysis of Complex signals Seamless integration with X-
Capture telemetry interference and | Series Measurement and Vector Signal Analysis software

analyze complex signals

Retain Full Swept-Tuned Performance Eliminate the need for

dedicated instrument and upgrade existing N9042B/N9032B

‘m(lu idiv  Ref 10.00 dBm

’\

{ /

{x / \.n | ! 10dBidiv  Ref 10,00 dBm
l | Log



Freq hop swept&max hold&density.wmv

Press Release: Keysight — Qualcomm 5G NTN Collaboration

Collaboration used satellite channel and 5G base station

emulation platforms (UXM and PROPSIM) to establish a RNEVE]le ht,/-\ccelerate (3
5G NTN connection with a Qualcomm Technologies 5G Non-Terrestrial Network Communication

mobile test platform to Support Broadband in Remote Areas

« Collaboration used satellite channel and 5G base station emulation platforms to establish a 5G NTN
connection with a Qualcomm Technologies 5G mobile test platform

NT N USI n g Sate I I Ite'tO'g rOU n d CO m m U n |Cat| 0 n b rl ngS » NTN using satellite-to-ground communication brings complete global 5G coverage
CO m plete g IO bal SG Cove rag e « Successful NTN connection enables faster development of 3GPP Release 17 compliant designs

SANTA ROSA, Calif. January 4, 2023

Keysight, Qualcomm Accelerate 5G Non-Terrestrial Networks for Rural Broadband

Successful NTN connection enables faster development
of 3GPP Release 17 compliant designs

demonstrated video call through

the satellite with
5G NR Terrestrial Network (TN) to Non-Terrestrial Network (NTN) handover (NR to NR-NTN)

o000OCOCOOmM
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Keysight - SAMSUNG SLSI 5G NTN Engagement

Key Milestones Achieved:
under real LEO orbit in Dec’22

« Successful end-to-end demo at MWC:
» Unigue NR-NTN demo using LEO orbit
= Two-way messaging and video streaming

= 100s of customer meetings and visits

 Joint press release

Engagement Highlights:
» Technical thought leadership

Bi-directional direct access to R&D teams

Quick turnaround to challenges

Possibility to customizations

Daily on-site local support

- =3

o -
_ l“‘l’n-h‘tﬁals'
Keysight andto Demonstrate L e
5G Non-Terrestrial Networks Data are e
Connection at Mobile World Congress | gt

tion of SMS two-way texting over a live 5G NTN connection with a Samsung Electronics System LS|

[MWC 2023] System LSI Unveils Advanced
Mobile Technologies to Power Future
Devices

34
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5G NR NTN Signaling Demo B3

LEO constellation

GCM Bent-pipe(Transparent Payload)

PROPSIM 3GPP Channel model,
Modelling Tool

Orbit information (delay, Doppler)

GNSS location

pre-loaded offline Synchronization

RF channel
(orbit, impairments)

- >

Feeder Link

RF channel
(orbit, impairments)

- L

Service Link

O000O0DO0ODOOCOmM



file:///D:/001. Document/000. NTN/Selfstudy/Videos/20230118_keysight_NTN Demo.mp4

Thank you
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