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Mobile fueled the last 30 years—interconnecting

1980s 1990s 2000s 2010s
Analog voice Digital voice Mobile broadband Mobile Internet
AMPS, NMT, TACS D-AMPS, GSM, 1S-95 (COMA) WCDMA/HSPA+, CDOMA2000/EV-DO LTE, LTE Advanced

Source : Qualcomm
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Last 30 years Next 30 years g

Interconnecting people Interconnecting their worlds

Source : Qualcomm
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Mobile Communications Development

~ Audio, Video, Apps, AR/VR (eMBB)
g Sensors (mMTC)
- Sensors/Actuators (URLLC)

ﬁ Voice

1980 § 1990 2000 2010 2020 2030
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SCOPE & KEY ELEMENTS

Sameung 21 UtranmAave
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Moto Z3 w/ 5G mod

Samsung Galaxy S10 5G

PO

Samsung Galaxy Fold

OnePIus 7 Pro “

Moto Mod Z4 LG V50 ThinQ 5G

Huawei Mate X

Huawei Mate 20 X 5G

Alcatel 7 5G

ZTE Axon 10 Pro 5G

Lenovo Project Limitless

(Laptop)
LitePoint 2019

Netgear Nighthawk

(mobile hotspot)

OPPO Reno 5G

Inseego

N S (mobile hotspot)

Huawei 5G CPE Pro
(CPE)

~| Samsung Galaxy
s Note10+ 5G

hTC 5G Hub
(mobile hotspot)
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All Things
Sensing
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All Things All Things
Connected Intelligent
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The remote test drive relied on the latest
cloud-based mobile networks, 5 6 C M
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SXEEJEERFE: 1 ms
SREEFEIEFEREEH: 2.8cm(100km/h)

2.8 cv

Source: , 2015
Low latency in 4.9G/5G,Nokia_201710
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3GPP = # 2 'R A jF it

3GPPIJf 2 1= 4 (standards) 7 ji i

FHIZhR | EEET) | FREE FENE

Phase 1 1992 2G |GSMALAZEHE: FDMA+TDMA
Release 97 1998 2G |1 AGPRSIHEE: T /7B & RHE
Release 99 2000 3G |\WCDMA(UMTS)Z: AZLHE: CDMA
Release 5 2002 3G | AHSDPATgE MR N7 ELIHERE
Release 6 2004 3G | AHSUPATLIRE JIIZE E{THELEE
Release 7 2007 3G |HSPA+: MIMO, 64QAM DL, 16QAM UL
Release 8 2008 4G |LTEE AZEE: OFDMAIALIP core networkiIMIMO(4x4)E1FDD/TDD#E =
Release 9 2009 4G |LTE# g hgE:MBMSEIBeam forming(f & EY)
Release 10 2011 4G |LTE AdvancedzfigE Carrier Aggregation(z;f % 4 )il RelayingFsIMIMO(8x8)
Release 11 2012 4G |LTE Advancedrfjg=:CoMPELIDCEIHetNet.
Release 12 2015 4G |LTE Advancedrjjg=:Small cellfiICA(2UL+3DL)fIMassive MIMO
Release 13 2016 4G |LTE-U (LTE in unlicensed spectrum), Cat-NB1, Cat-M1
Release 14 2017 4G |Multimedia Broadcast Supplement for Public Warning System (MBSP), Cat-NB2
Release 15 2018 3G |NR(New Radio) SA(Standalone) F: A ZEfE, IP Multimedia CN Subsystem (IMS)
Release 16 2021 939G | Unlicensed Spectrum, High-precision Positioning, Advanced Power Saving
Release 17 2023 939G |Reduced Capa. Devices, NTN, mm\Wave Expansion, Device Enhancemwnt
Release 18 2025 | 9G-Adv 5G-Advanced, NR with Al(Artificial Intelligence), Network Energy Saving
Release 20 2028 6G  |IMT-2030
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5G Requires Solviﬁnﬂested Spectrum

' Qlc Q.0
%ﬁ ®

New Spectrum has
opened to enable
5G deployments

“Midband” “6 GHZ"
CBRS Unlicensed




6G Spectrum Bands Under Discussion

FR1 (FR3) FR2 Sub-THz

Centimeter Wave Millimeter Wave

| | | | | |
1 GHz 3 GHz 10 GHz 30 GHz 100 GHz 300 GHz

B Current Spectrum Range on 5G New Spectrum Range under Consideration

FR stands for Frequency Range.
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Frequency Range Overview

Frequency
-
410 7125 24250 71000
MHz MHz MHz MHz
Name Frequency Range Overview

Widely used in 5G communications

410 MHz - 7.125 GHz

. This band provides wide-area coverage and is used in various
*Including Sub-6 (3.3 GHz-7.1 GHz)

environments, from urban to suburban.

Used to achieve ultra-high-speed and large-capacity
communications, especially in urban areas and other environments

24.25 - 71.0 GHz with a high terminal density.

Unfortunately, this range has a high propagation loss and only has a
short communication range.

This frequency band is also known as the “upper mid-band” .
7.125 - 24.25 GHz areney PP

Introducing it for 5G-A/6G is under consideration.
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9G NEW RADIO (NR) AIR INTERFACE PARAMETERS

FR1 (410 MHz - 7.125 GHz) FR2 (24.25 - 52.6 GHz)

Carrier aggregation
Bandwidth per carrier
Subcarrier spacing

Max. number of subcarriers
Modulation scheme

Radio frame length

Subframe duration

MIMO scheme

Duplex mode

Access scheme

Up to 16 carriers

5,10, 15, 20, 25, 30, 40, 50, 60, 80, 90, 100 MHz 50, 100, 200, 400 MHz
19, 30, 60 kHz 60, 120, 240 (not for data) kHz
3300 (FFT4096 mandatory)
QPSK, 16QAM, 64QAM, 256QAM: Uplink also supports m/2-BPSK (only DF T-s-OF DM)
10 ms
1 ms (alignment at symbol boundaries every 1 ms)
Max. 2 codewords mapped to max 8 layers in downlink and to max 4 layers in uplink
TDD, FDD TDD

Downlink: CP-OFDM; Uplink: CP-OFDM, DFT-s-OFDM (network controlled)
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CAZEN-DC

ENDC
A
[
LTE Pcell + LTE Scell +...*
% LTECA

4G\

Max 20 MHz
“

'

Up to 5 (Rel.10y 32 (Rel.13) component
carers

\
NR PScell + NR Scell +...

& NRCA
oG

Max 400 MHz

“

Up to 16 component carners
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How to Increase Channel Capacity?

B Shannon-Hartley Theorem
S
v More Antennas (units) C=M X Blog,(1 +—)

v Higher Bandwidth (B) /X7

v Better SNR (S/N) I
HEH st o U It T = i
*_ —1— | 7> Communication S—}—
b f —__"""L“trlﬂé;_-_ ——2  Channel ~i

Transmitter receiver

C: Channel Capacity (Max. achievable data rate) (in bits/sec)
M: Multiple Antennas (units)

B: Radio Channel Bandwidth (in Hz)

S: Signal Power (in Watts)

N: Noise Power (in Watts)



Network Architecture Options for 5G NR

Network architecture
options for 5G NR

Standalone
(SA) option

5G Next
Gen Core

Non-Standalone
(NSA) option

4G Evolved
Packet Core

5G
mmWave
Radio
MNetwork

4G macro
and small
cell Radio

Network

5G mmWave_
and/or sub-6GHz
Radio Network

5G sub-6GHz
Radic Network

Data and control
over 5G NR link

Carrier Aggregation

Data DI_‘IlKJ
over 5G NR link

Dual connectivity

Data + control
over 4G LTE link

Fast-to-launch | Higher BW and UX~™ |
VoLTE & CS voice

Network slicing | New services |
VoNR & 4G fallback

*Initial MSA bandwidth and user expenence in 2019-2020
5G MR launches az compared to SA launches in the same
timeframe. Source: Qualcomm Technologies. Inc.
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5G DEVICES SPECTRUM UPDATE

[Band | Upink | Downlink | Duplex |

-
| U8 |

=
|

41

1920 MHz - 1980 MHz
1850 MHz - 1910 MHz
1710 MHz — 1785 MHz
824 MHz - 849 MHz
2500 MHz - 2570 MHz
880 MHz — 915 MHz
699 MHz - 716 MHz
832 MHz — 862 MHz
1850 MHz - 1915 MHz
703 MHz - 748 MHz

2110 MHz - 2170 MHz
1930 MHz - 1990 MHz
1805 MHz — 1880 MHz
869 MHz — 894 MHz
2620 MHz - 2690 MHz
925 MHz — 960 MHz
729 MHz - 746 MHz
791 MHz - 821 MHz
1930 MHz - 1995 MHz
758 MHz - 803 MHz

2570 MHz - 2620 MHz
1880 MHz - 1920 MHz
2300 MHz - 2400 MHz
2496 MHz - 2690 MHz
1710 MHz - 1780 MHz 2110 MHz - 2200 MHz
663 MHz — 698 MHz 617 MHz - 652 MHz
3300 MHz - 4200 MHz
3300 MHz - 3800 MHz
4400 MHz - 5000 MHz
703 MHz — 748 MHz N/A
26.5-29.5 GHz
24.25 - 275 GHz
37-40 GHz
275 -28.35 GHz

FDD
FDD
FDD
FDD
FOD
FDD
FDD
FDD
FDD
FDD
TDD
TDD
TDD
TDD
FDD
FDD
TDD
TDD
TDD
SUL
TDD
TDD
TDD
TOD

n78
n4l

nl
n71
n79

n3
n28

n258

o

50 100 150 200 250 300
Number of announced devices supporting each 5G band

Source: GSA 5G Devices Ecosystem Report
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i P | 24G~ 376G~  64G~
P 1G‘ i 2G i E 3G 41G 5G 6G | 306 40G 71G
5
soom [ll1800m | ;
£ 6O00MH:z | 35~42GH: 5.7~7.AGHz | 24~28GHz 37~48GHz 64~T1GHz
b B | 33-36GHz  4.8-5GHz 24~27GHz  37-42GHz
A3 & | 3.6-42GHz 4.4-4.9GHz | 27~29GHz
# B | 3.4~3.7GHz | 26~29GHz
g oM | 34~3.8GHz | 26GHz
4 3 | 3.5GHz(270M) | 28GHz(2500M)
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NR Band in FR1 NR Band in FR2
NR E/E 3R 5% i ¥s £ FAT3A % Ik NR E1E 3% LATRERTIAME % hk
nl 1920-1980 MHz 2110-2170 MHz FDD n257 26500-29500 MHz TDD
n2 1850-1910 MHz 1930-1990 MHz FDD n258 24250-27500 MHz TDD
n3 1710-1785 MHz 1805-1880 MHz FDD n260 37000-40000 MHz TDD
nS 824-849 MHz 869-894 MHz FDD n261 27500-28350 MHz TDD
n7 2500-2570 MHz 2620-2690 MHz FDD
n8 880-915 MHz 925-960 MHz FDD
nl2 699-716 MHz 729-746 MHz FDD
n20 832-862 MHz 791-821 MHz FDD
n25 1850-1915 MHz 1930-1995 MHz FDD
n28 703-748 MHz 758-803 MHz FDD
n34 2010-2025 MHz 2010-2025 MHz TDD
n38 2570-2620 MHz | 2570-2620 MHz TDD
n39 1880-1920 MHz 1880-1920 MHz TDD
n40 2300-2400 MHz 2300-2400 MHz TDD
ndl 2469-2690 MHz | 2469-2690 MHz TDD
nS1 1427-1432 MHz 1427-1432 MHz TDD
n66 1710-1780 MHz 2110-2200 MHz FDD
n70 1695-1710 MHz 1995-2020 MHz FDD
n71 663-698 MHz 617-652 MHz FDD
n75 n/a 1432-1517 MHz SDL
n76 n/a 1427-1432 MHz SDL
n77 3300-4200 MHz 3300-4200 MHz TDD
n78 3300-3800 MHz 3300-3800 MHz TDD
n/9 4400-5000 MHz 4400-5000 MHz 1DD
n80 1710-1785 MHz SUL
n81 880-915 MHz SUL
n82 832-862 MHz SUL
n83 703-748 MHz SUL
n&4 1920-1980 MHz SUL
n86 1710-1780 MHz SUL
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® > 2021
) '\‘Hﬁ?“{"&;‘rf'ﬂi?{f ) 4 ) a2
™ e S I{;,J_f_;) E? ,’:- ../FJ - _.~—' e, h{;\ % _}Q } ! — .
p S V) & v/ ¢ N o) f-: ‘
&5 L Y gﬁlzrqpe S of
- .' 1) ) \. 6GHz ‘\-\ ~ Aorea
/“- USA 7,4 J }. mmWave up to 28GHz | | @ Sub-6GHz
/ @ Sub-6GHz /,f : i .. lﬁ@\i&)@ UPEDQBGHZ China /n : ® mmWave up to 28GHz
. mmWave ?) to 48GHz ran® " @ Sub-6GHz - D @ mmWave up to 66GHz
@ mmwaue p to 71GHz y N W ® mmWave up to 43.5GHz
-]l_. / r~ (j % L/t "“\ ) ,»/Q Japan
\_7 TS . N0 a0 el
‘\x \hw ﬂ / .\1’_/,.{ Ind|¥ ‘\,\_1; \\ { . Sub-6GHz
\R? , o \ ] @ Sub-6GHz p/ u\ @ mmWave up to 28GHz
requency range RN mmWave up to 66GHz
reserved numbers 65-256 § NRirequency range 2 A\ 1’ o7 . P
Reserved numbers 257-512 W 1 W \\
Downlink Uplink , | SEA. w R
Downlink Uplink @ Sub- EGHz '
1257  265-205GHz  265-205GH @ MmWaveupio 236}“'2} |
n77  3.3-42GHz 3.3-4.2GHz F )
. n258  2425-275GHz  24.25-27.5GHz : /
n7l8  3.3-3.8GHz 33-38GHz " / :
) n259  39.5-43.5GHz 39.5-43.5GHz Australia & Jy
nf9 44-50GHz 44-50CHz )
n260 37-40GHz 37-40 GHz @ Sub-6GHz :
@ mmWave up to 28GHz
n261 275-2835GHz  275-2835GHz @ mmWave up to 66GHz
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5G NR Frequency Range

3GPP TS 38.101 (Original)

Frequency range Corresponding frequency range
designation
FR1 450 MHz — 6000 MHz
FR2 24250 MHz - 52600 MHz

OTA

(TRP/TRS/
Spurious/
Conducted e

3GPP TS 38.101
(Update from 2019.06)

Frequency range Corresponding frequency range
designation

FR1 410 MHz — 7125 MHz
FR2 24250 MHz — 52600 MHz
onducted testing OTA measurements in far field*
¥ 5G FR1: / / 5G FRZ:
:;Z g:g:‘;;g g::; n259 (39.5~43.5 GHz)
"70 (4.4.5 GHa n260 (37-40 GHz)

n261 (27.5-28.35 GHz)
n262 (47.2-48.2 GHz) 65



3GPP R17 Version Extended Frequency Range

Expansion of low/mid Potential 5G Supported mmWave Priontized expansion of Further mmWave expansion Potential bands
band spectrum | band in study bands in Rel-15 ' mmWave to 71 GHz in Rel-17 targeting future releases for future study
‘ [ ‘ Il | I II I | SI |

° ° ¢ . ° °
410 MHz 7.125 GHz 24.25 GHz 52.6 GHz 71 GHz 114.25 GHz
Sub-7 GHz: “FRT” mmWave: “FR2-1" mmWave: “FR2-2"
(Upt07.125GHz) (24.25—-52.6 GHz) (52.6 - 71 GHz)

Global IMT Spectrum Focus area for WRC-23 (7 — 15 GHz)

400 MHz — 7 GHz 24 — 53 GHz 93 — 71 GHz

International Mobile Telecommunications (IMT)
World Radiocommunication Conference (WRC)
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AR E

Analog mobile phone Sending emails on Smartphone Watching video
mobile phones
O\ R

)
L)

P24

2

Real-time live distribution with 4K and 8K images

Responding to the increase in communication traffic
such as the development of loT

=g e
- orl,
3

|

With even larger capacity, higher speed, lower delay,
and higher reliability, it may be possible ta have
conversations using real-time 3D images and
remote treatment using robots.

2

)

/

@-—B
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Expected Applications of 5G and 6G

o =

Advancing fixed Real-time Introduction of Hologram Expansion of

and mobile remote control wireless communication telepresence communication
communications of robots to critical services environment

(telemedicine, autonomous driving, etc.)

i e
' %;'J;a_»:

d [’
. e - -
i A o :
. -/ .
o 7

Connections to XR Digital twins Sensor fusion Human
new application (AR, VR, etc.) augmentation

areas



Evolution of Expectations for Cellular Communications

1990s

Carry your l Carry your

phone around 2G phone around
the country . the world & text

1980s

Mobile Phone Feature Phone

SMS
MMS

384 kbps
Digital
GSM, GPRS, EDGE, IS-95
TDMA, CDMA
Circuit & Packet
PSTN
Global

Mobile Voice
Calls

Data Rates: 19.2 kbps
Transmission: Analog

RAT: NMT,AMPS, TACS
Multiple Access: FDMA

Sw itching: Circuit

Core Netw ork: PSTN
Roaming: National

2000s

Check

2010s

L Surf the web

e-mail from 4G & watchvideo

anywhere

Smartphone

Mobile Internet
Video Call

43 Mbps
Digital
CDMA2000, UMTS
CDMA
Packet
Packet
Global

from anywhere

Smartphones,
Hotspots, loT Sensors

Streaming Video
Voice over IP

1 Gbps
Digital

LTE LTE-A,LTE-A Pro
OFDMA
Packet
Packet
Global

We are here

2020s

Connect to
the digital fabric
from anywhere

Smartphones, Hotspots,
Cars, Robots, Drones,
Mass loT...

4K/8K Video
AR & 3D
Al

20 Gbps
Digital
NR SA & NSA
OFDMA
Packet
Virtual
Global

2030s

H2M & M2M
automation
anywhere

Intelligent Devices
Mass M2M

Holographic
Multi-sense Comms
Real-time Intelligence

1 Thps
Digital
“ManyNets”
Any approach is OK
Al-Enabled IP
Virtual
Global
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#Fh 5P & 2 -B5G

W 2022 3GPP R17 —NTN(Non-terrestrial Network)

Wiizng #5 PRBragke o
:{#%} APk 4 Kg)

poE B B

B

¥

20195 2 BRI AL P 5
PRI BURR L

MERNEE
WERE 2%
5%

b E IR R
48%

NE/a8
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Configuration of Non-Terrestrial Network (NTN)

— —————— —— e —— e

- ar Optical
y v v Communication

\ Ground Systems

040 @ S

-
-
o
-
-

Mobile

Devices Terrestrial Network
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23 6 4 B4 (Non Terrestrial Network) 7 352 £
(

Pom PRE(NTN) &3 p aaf % Kod 3 i% m 4G/OGHRERE A EZIIE: RE > B X E T
A KBG BT ¢ - BT HE T il o
VEFARE N X L NTNE * i7:d 13 pg £ o
Interworking Integration Unified
Prior 5G 5G and 5G Advanced 6G
sate"ite From 5G to 6G Non-Terrestrial Networks

Networks
(SN)
Terrestrial
Networks
(TN)

Source : www.6g-ntn.eu/about-6g-ntn

76



YV V.V R Y

v i

Use Case Overview of TN and NTN

Dual mode operation:

TN preferred, fallback to NTN
Target scenario:
Remote/rural area coverage ik,
Maritime and aviation use ﬂ
e
Emergency and disaster recovery MR -
NTN
Goal:

Ensure seamless, reliable communication
across environments



NTN g 5
NTN & Jx g @] 7 F & ;3 4o = g
Proprietary : /4.2 5 &84+ 2 @ 3k W A E i bldrfEhk S8 2 T 4R
Un-modified 3GPP : £ #3GPP% + = sx i T enk =858 8 7 P Rl > v B fFEh g @
3GPP Rel. 17/18 and beyond : 3GPP »* % + = 3= ANTN & » £ %] 5 [0T-NTNZ NR-NTN

Proprietary Un-modified 3GPP Global 3GPP Rel-17/18/19 and Beyond

Non-3GPP, vertical solution Legacy phone, 3GPP, Adv Satellite IoT NTN NR NTN, Adv Satellite

Lab & Field Testing Today GEO 2023 - 2025

When Today Launch in 2024 LEO 2024 - 2029

2026 - 2029

5 S
Eﬂlln--- E E E--Ilh--- E

@

SOS messaging, Messaging, Messaging, Messaging, Voice,
Emergency Voice, Data Broadband, loT

[w coveRice S o P — H : H Source : Keysight

iPhone / Globalstar T-Mobile / Starlink  AT&T / AST SpaceMobile Bullitt / MediaTek MediaTek / Skylo Qualcomm Samsung LS|
/ Ericsson / Thales
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/"’______‘ ......... NEEEEEPSM A——— rnnnan, 3.000km Wy
HAPS. LEO: MEO: e

Airbus Starlink SES /03B GEO:
Softbank HAPS mobile ~ Oneweb Ligado / Viasat
Google loon Amazon Kuiper (Skylo)

Sateliot Eutelsat
Globalstar Intelsat
AST spacemobile

Satellite Operator

Starlink
3GPPR17 NTN
Skylo |
compliant

AST Space Mobile
Globalstar
Sateliot

- Mobile Operator / Smartphone Vender

LTE

KDDI, Softbank, Docomo, T-Mobile, etc.

NB-loT Softbank, Telefonica, etc.

LTE Rakuten, AT&T, Vodafone, etc.
LTE Apple
NB-loT

Source : Anritsu
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EEFHREEFS 3GPPNTN FHEEESE MEFREERE

we & W 0 HEEOE i 152 NTNEit & wE
> = (( )) . - (E)!#!hﬂé O
—_— —_— (. ® (o) x
2 2 PR i —
§ K = A A
& g o P &2 RS
o To—— <" 3GPPNTN -~ 4G/5G
N " [ |
=TI S . 4G/5e Fiem -.40/56
() o = ((9)
A" — — == A
Hins FEEOE =3 LOb T Ny Bitg ANy

EEFHEEGERMOREE 3GPPNTNEEFERKINEFRER MAEFHEEGERNAEED
i . (BEFREERIE AEES - EEAKRERR Al - BRERIERE

Source : ¥ &7 BT T
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NTN & * 3%

ONTN R * 3-8

% y53GPP z_& e B R& 4 B 5 10T-NTN 2 NR-NTN - IOT-NTN 1 SRR R TN
B E 2 B AERY E’?’?IOT%%‘_ » NR-NTN if * >t g i 13 @@;‘J 5 2 ﬂpf;fﬂf%
THART § RPEE -

loT-NTN NR-NTN

i [ !

Source : Anritsu



NTNA %

5—18

5G loT for NTN

Expanding addressable market
for the 5G massive loT

with imermitient acoess ink

//’\\~
y — . |
ONEe &

-‘. LEO, GEO, PCIPCS satelites

F£_$8

5G NR for NTN
Complementing terrestrial networks
in underserved areas

'

LEO, GEO, HAPS, ar-%0-
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B&(Galileo)

BE LEO MEO GEO
BRI 160~2,000 5,000~10,000 36,000
(RE)
N o HEe .
FEGEN | TOTFHESH 6B L
BBEE BEEE100% BEEEI% sl
Bl 5& 1A A #91.5~2/\IF 12/ NS #9124/ \FF
EREM 6-84E 10-154 124
SEE 14 (D) 30~50 125~250 600~800
Z2ETFENENRT -
BRERE | SEEANHEE |F28H G =)
(ridium) GLONASS - B8 7 B
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-r' -L-I-igx ngﬂgﬂi = = =2z uny
= IO I=ES }
- 2ER) (£2022€7EE) - i
4,408 29000 F KuV~ «KS . (EEE%T;)E;/ « S-Band &
Space X Starlink Pay
= 7,518 - V - BEEE(VLEO)335-346 km
= 30,000 - Ku-Ka-E |* GEN2%#t
. 3,236(J& ) } . vy [© BBEEFTIEKuU ~ V-BandBiiEL
Amazon Kuiper 7,774GAERR) _ Ka~Ku-V (payload) - ¥ri@EEFEE] -
- BELSMMSEHAE - EBNV-
Telesat 188(Phase 1) s opa \ BandBfiEl(payload) - #ig&E
MBA | Telesat || ightspeed |1,671(Phase2)| V%) K-V | =y
- B[%{EPhase 13822984188 -
« RELSMPEEME - BV - E-
£ 716(Phase 1 . Ku ~ Ka - \ O
%E | OneWeb | OneWeb 6 372((Phase %) 42000 & V- E %aggd?ﬂ‘l’l%ﬁ(payload) - FTIBEE

e SBand : 2-4 GHz .

Ku Band : 12-18GHz ;

Ka Band : 26.5-40 GHz

V Band : 40-75 GHz ;

E Band : 60-90 GHz
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NR for NTN

Satellite Ek
Service’ I"n/

Feeder link

/f‘%<

Satellite gateway

w»—»m > i

gN Server
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Test Standards Development Challenges

® Topics

® Frequency Ranges

® Measurement Methodologies
B Round Robin Tests

B Review Test Results

B Test Limits
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1 Thps <0.1 ms

ps 1 B 1,000 M/km?  Zero Energy 1cm
5GHI100fZ 5GHIL/1013 S5GRI101Z S5GRI1001S
[EREEREE EEE HBiInEE AERALEE
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400 484 508 626 606 668
THz THz THz
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100 100
km {/ pum
|

Electric (Power &
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Wavelengt (A)

Optical Wireless Communication (OWC) / Free Space Optical (FSO)J

Electromagnetic spectrum
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Cellular tgchnolo;,\v

= Digital modulation

J
)

- OFDM adaptive coding

and modulation

- eMBB/mMTC/uRLLC J

)
=

g%

- Ty pEABP=En

Free Space Optics (FSO), Visible Light Communication (VLC), Co-Packaged Optics

(CPO), Reconfigurable Intelligent Surfaces (RIS)
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Reconfigurable Intelligent Surface (RIS)

» RIS: Made by metamaterial (artificial material)
» The LOS drawback of mmW/Thz technology can be overcame by RIS reflector

> RIS lens implementation for improving beam gain and steering range

Coverage extension use case Capacity increase use case

Base station

[RIS Lens Prototype w/ 256 unit cells]

F= Increasing
transmission
rank

RIS Lens

Enhance gain and steering range when the EM

waves pass through the lens

RF Processing
and
Analog Fan
Beamforming
~ ) .
Baseband RF-Chain | —— :
— ——— A

Processing 1 E
and o
Digital 7-.;7 L, =
Beamforming RF-Chain 1 — Yy o

7 ';'

: o

RF-Chain —

N o —1
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Reconfigurable Intelligent Sustainable Environments (RISE)
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SGS Taiwan and Wireless Lab.

@ SGS Taiwan Ltd.
e Founded since 1952
e 4 Branches, 17 Labs, over 3,200 employees in Taiwan

B Wireless Lab.
e Established in 1996 currently over 200 full time employees
Location:
— Wuku: Conformance/ OTA/ WiFi/ BT/ RF/ SAR/ ITA/ EMC
— Neihu: OTA/ SAR
— Hwaya: OTA/ RF/ SAR/ EMC
e 4G: LTE/ CA/ MIMO/ Cat-M1/ NB-loT/ NB-loT NTN
e 5G NR: FR1/FR2
e A-GPS (L1, L5)/ A-GALILEO (E1)
e Other Wireless Technologies
— Bluetooth v2.0/ 3.0/ 4.2/ 5.0
— WiFi IEEE 802.11a/ 11b/ 11g/ 11n/ 11ac/ 11ax
— NFC/ USB
— WPC/ AAWP
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Wireless Services Outlook Cé Fe & & 75
*CE/FCC/ISED/NCC/MIC

*EN 303 645 «2G /3G /4G /5G FR1 & FR2

*RED Atrticles 3(3)(d), (e), & (f) * TAS for Qualcomm / MTK / Realtek

UK PSTI « mmWave Radar and eCall (CN)

California Bills SB-327 & AB-1906

CTIA Cybersecurit —i—

y y PTCRB @ GCF

LTE/LTE-A/4CA /5CA

¥ Conformance *CAT-M1, NB-loT
* -5G NR FR1 & RedCap (TW) & FR2 (US)

Wi N Q@ Ffra i

-Wi-Fi Alliance -

- ~ Antenna *loT-NTN
-Bluetooth SIG i / ‘NR-NTN (~2025 Q1)
*Thread / Sigfox J ’ -C-V2X (CN)
*Skylo ‘connectivity
*NFC Forum / FiRa / Qi C-v2X ctia
5GAA \| | soom
International telecom / radio R a «AGPS, CWG, CA OTA
approvals for 180 countries +MIMO OTA
*NB-loT, CAT-M1 OTA
GMA (Global Market Access) «Carrier approval OTA

«Whole-vehicle OTA (CN) 103




Scope of Test Services

® Performance (Recommended)
e Conformance
e OTA (Over-the-Air)
e Bluetooth

B Regulatory (Mandatory)
e RF (Radio Frequency)
e SAR (Specific Absorb Rate)
o |ITA (International Type Approval)
o EMC (Electromagnetic Conformity)

Global Certification Forum PCS Type Certification Review Board = ltew
A GLOBAL INITIATIVE = -

"] dscomo

LAB CODE 20050712-00

OBuetooth  (ED s =055

<
g an®

; —at
q' WIRELESS POWER ml 5G
CONSORTIUM
Federal
Effa SoftBank

» skylo |[ve
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SGSflobal Locations for OTA Labs (26 Labs)

i = ; & o L -- e & %

SGS US* 2 sets | L= _ ,&.&?
(Branchburg, ; k ; o

NJ

. i E
] -
SGS US* 3 sets _ : - . - :
(Silicon Valley) . s oo
SGS US* 3 o] A |y SGS Taiwan* 8 sets
U sets . A - " _ ; 1 . (Taipei)
(San Diego) g " = 3 :
#  SGS China* 2 sets

(Suzhou)

SGS Korea* 4 sets
(Gunpo)

SGS China* 2 sets
(Shenzhen)

B AC* 22 sets
B RC* 1 set

B CATR* 3 sets WORLD WIDE TESTING & CERTIFICATION
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CTIA CATL

GCF OTARTO
AC chamber
RC chamber
CATR chamber
Chamber type

Operator Approval

SGS Taiwan
SISO, MIMO, A-GPS,

SGS Korea

SISO, MIMO, A-GPS,

OTA Test Capability of SGS Global

SGS US
SISO, MIMO, A-GPS,

SGS China
SISO, MIMO, A-GPS,

B AC* 22 sets
B RC* 1 set
B CATR* 3 sets

WiFi WiFi WiFi WiFi

Yes Yes Yes Yes

7 3 7 5

1 (4x4 MIMO, FR1) N/A N/A N/A

N/A 1 (Anritsu) 1 (Keysight) 1 (Anritsu)
[Wuku] [Gunpo] [SD] [Shenzhen]

ETS AMS-8500*1

ETS AMS-8923*1

MVG SG-24L*1
[Neihu]

ETS AMS-8500*2

ETS AMS-8700*1
Bluetest RTS65*1 (RC)
[Hwaya]

MVG SG-24L*1

ETS AMS-8500*2
ETS AMS-8923*1
Anritsu CATR*1

ETS AMS-8923*1
R&S TS-8991*1
Keysight CATR*1
[NJ]

ETS AMS-8923*2
[SV]

ETS AMS-8923*1
ETS AMS-8813*2

ETS AMS-8500*1

ETS AMS-8923*1
[Suzhou]

ETS AMS-8923*1

MVG SG3000*1 (CAR)
[Xian]

ETS AMS-8500*1
Anritsu CATR*1

»Orange

»Vodafone

»Docomo

» Softbank (new, 2025)

»Orange
»T-Mobile

»Orange
»Verizon
»T-Mobile (NJ)
»Dish

»Orange
»Vodafone (new, 2025)

SGS Confidential, all rights reserved.
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m AT&T:

e OTA (all scopes) can be done in CTIA approved lab

B Verizon:

e OTA (all scopes) can be done in CTIA approved lab, except 5G
e 5G (FR1, FR2) needs to be done in Verizon approved lab

B T-Mobile:

e OTA (A-GPS, WiFi, MIMO) can be done in CTIA approved lab
e 4G and 5G SISO needs to be done in T-Mobile approved lab

B Dish:

e OTA (all scopes) needs to be done in Dish approved lab

SGS Taiwan
CTIA Approval V

SGS Korea

SG&US Operator Test Updates in CTIA CATL Lab

SGS China
\%

Operator Approval »QOrange

»Vodafone

»Docomo

» Softbank (new, 2025)

»QOrange
»T-Mobile

»Orange
»Verizon
»T-Mobile (NJ)
»Dish

»QOrange
»Vodafone (new, 2025)

SGS Confidential, all rights reserved.
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OTA Test Capability of SGS Taiwan

SISO, AGPS SISO SISO, WiFi SISO SISO AGPS Reverb SISO, MIMO, WiFi
ETS ETS MVG ETS ETS ETS Bluetest MVG
AMS-8500 AMS-8923 SG-24L AMS-8500 AMS-8500 AMS-8700 RTS65 SG-24L
2007 2024 2022 2009 2010 2012 2018 2013
0.69-6GHz 0.6-7.2GHz 0.6-6GHz 0.6-7.2GHz 0.6-7.2GHz 0.69-6GHz 0.65-6GHz 0.6-8.5GHz
50cm 50cm 50cm 50cm 50cm 50cm 60cm 50cm
Anritsu Anritsu Anritsu Anritsu Anritsu N/A Anritsu Anritsu
MT8821C MT8000A MT8821C MT8821C MT8821C MT8821C MT8821C
. . Anritsu .
Anritsu Anritsu Anritsu
. MT8000A R MT8821C N Ak MG MT8821C
(4x4, T-put)
SIDTEN N/A N/A N/A N/A FELEI N/A N/A
8100 (5G) 8100 (4G)
Anritsu
R&S R&S Real AP
N/A NIA CMW500 | CMWS500 NIA NIA (T-put) MT(868E6;2A
Anritsu Anritsu
N/A N/A N/A N/A N/A N/A MT8821C MT8821C
(4x4, T-put) (2x2, T-put)
Anritsu Anritsu
MT8821C N/A MT8821C N/A N/A N/A N/A N/A
Anritsu
MT8821C N/A N/A N/A N/A N/A N/A N/A
Anritsu Anritsu Anritsu Anritsu Anritsu Anritsu
MT8000A MT8000A MT8000A MT8000A N/A N/A MT8000A MT8000A
(NSA) (NSA+SA) (NSA+SA) (NSA+SA) (4x4, T-put) (NSA+SA)

B  SGS Taiwan is the 15t CTIA Authorized Test Lab (CATL) in Asia, in 2005

SGS Confidential, all rights reserved.
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SG&Photo of 5G FR1 OTA Chamber m AC* 22 sets
A B RC* 1 set

z N

ETS AMS-8500 ETS AMS-8923 (MIMO) MVG SG-24L (MIMO)

TW*3, KR*2, CN*2 TW*1 KR*1, US*4, CN*2, TW*1 TW*2

RRRRRRRRRRRRR
TS8991
OTA Performance

Test System

R&S TS-8991 MVG SG3000 Bluetest RTS65 (RC) ETS AMS-8813
US*1 CN*1 TW*1 US*2

SGS Confidential, all rights reserved.
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B CATR* 3 sets

SG&Photo of 5G FR2 OTA Chamber

Keysight CATR (S8705A) Anritsu CATR (ME7873NR)
US*1 KR*1, CN*1
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CTIA CERTIFICATION PROGRAM
Certificate of Authorization

Dresernted to
SGS Taiwan Ltd.

ad

CTIA Authorized Test Lab

LAB CODE 20060712-00

The Cellular & Tniemet jon hereby authorizes SGS Taiwan Lid. as a
CTIA Authorized Testing Laboratory (CATL) effective July 12, 2005. This laboratory satisfies the
requirements specified in the CATL License and Service Agreement, and will perform product ecrtification
testing based on the scopes of accreditation for which it has been authorized

Given at Washington, D.C.
this 121h day of July, 2005 PresidenyCEQ

" A
ML X
CTIA ification Mark Sargent

p—— Director, Cenification Programs

CTIA
&

g ae® Tha Wiralass Assoclation®

May 19. 2014

Nick Hsu

1F, No. 8, Alley 15,

Lane 120, Sec. 1, NeiHu Road,

NeiHu District, Taipei City 114, Taiwan

Dear Mr. Hsu,

Congratulations to you and the entire SGS Taiwan Ltd NeiHu site team_We are hereby
notifying you that your test laboratory has successfully completed the requirements to
‘become an authorized test lab for the CTIA and Wi-Fi Alliance Test Plan for RF
performance Evaluation of Wi-Fi Mobile Converged Devices. You are now formally
authorized to perform testing on behalf of the Wi-Fi Alliance and CTIA-The Wireless
Association. You may begin offering commervial test services for this program effective
immediately.

Again, congratulations, and we thank you and your team for your effort and support.

b~ MARS A

Edgar Figueroa Mak Sargent
‘Wi-Fi Allance CTLA-The Wireless Association
e — T30 It Szt N
b Suite 600
A T 70 Waikmzon DC 20038
usA
Phice <] (S11) 55.0434 (S9S-WTFD Phaes | Q00) TE5-0061
Fax: 080435 Fax: 1 (202) 466-3413
cemicnors wiefl oy T

CWG (Wi-Fi OTA)

o vodafone

Certificate

This is to certify an accreditation for executing tests related to the
Vodafone internal terminal approval process has been granted to:

Wireless Laboratory
SGS Taiwan Ltd. Wuku Zone
No. 134, Wukung Road, New Taipei Industrial Park, Wuku District,
New Taipei City, Taiwan

by
- Vodafone Group Services, Mobile Products and Services -
in virtue of an on-site assessment and an interlaboratory comparison
measurement campaign. The lab has been found to be competent in
performing tests according to:

for Te on Over the Air RF Performance
V5.4

Date Decamber 2024
Valid through: December 2025

NLter Apardian

Dr. Abbas Aipasian, Lead Engineer — Antenna Manager

L

Markus Larkamp, Principal Compliance & Performance Manager

Kevin Oord, Head of Services & Piatform

Vodafone

OTA Certification of SGS Taiwan

Certificate

This is to certify that

Wireless Laboratory

SGS Taiwan Ltd.
No.134, Wu Kung Road, New Taipei Industrial Park,
Wuku District, New Taipei City, Taiwan (R.0.C)

is accredited as a

OCOMO Approved Testing Laborato

Number : DATL20240TA002

Scope : OTA(TRP&TRS(UMTS/LTE/NR/WIi-Fi), S-TRS
MIMO OTA(up to LTE 3DL CA,256QAM,4x4MIMO/NR)
Frequency Band: UMTS I, XIX/LTE 1,3,19,21,28,42/NR NSA
n78(3.4/3.5/3.7 GHz),n79,n1,n28/NR SA n78(3.7 GHz), n79)

Date 1 24 July, 2024

Valid through : 31 July, 2025 Makoto Ueda

Product Technology Department

NTT
Makoto Ueda
oco m o Vice President General Manager of
“

NTT DOCOMO

: Orange Antenna Lab
;

CERTIFICATE OF ACCREDITATION

SGS Taiwan Ltd OTA Lab

Address: No.134, Wu Kung Road, New Taipei Industrial Park. Wuku District,
New Taipei City, 24803 Taiwan (R.0.C)
TAIWAN

Contact Name : Ben Kuo

(= has demonstrated compliancy with Orange OTA antenna requirements,
has been accredited starting from January Ist 2025 to December 31st 2023, for the test methods listed below
4G radio TIS TRP
4G _radio_TIS TRP_CPE (TDD)
4G _IoT Perf Radio Radiated mode Wristmode

Momar GOUMBALLE Ewa BERTHELOT

Director of Operatioaal Expertise Director of Certificat

Operation Optimisation

SGS Confidential, all rights reserved.
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SGS Why Choose SGS Taiwan OTA?
_ wICled

SGS Taiwan is the 18t CTIA Authorized Test Lab (CATL) in Asia, in 2005

Full OTA approved scopes: approved by...
e CTIA, GCF
e Vodafone, Orange, NTT Docomo, Softbank
e \Verizon (SGS US), T-Mobile (SGS US/KR), Dish (SGS US)

The first 5G FR1 approved lab of Orange/Docomo, the first 5G FR1/FR2 approved lab of Verizon (SGS US) ,
and The first 5G FR2 authorized test lab (SGS US) by CTIA

SGS Taiwan is proud to be the exclusively approved Softbank OTA lab outside of Japan

Having performed correlations with SGS US for Verizon/TMO, we expect more projects with pretest demand
in TW and official testing in US

Supporting 5G FR1 4x4 MIMO T-put testing by using Bluetest RC
Well trained engineers, average more than 5-years working experiences in SGS

Different chamber types can be used for testing, ex. ETS/MVG/Bluetest, and flexible test time-slot
arrangement, 7 AC systems and 1 RC system

Technical expert- Dr. Peter Liao joins CTIA regular meeting, SGS can share the most updated standards with
customers

SGS Confidential, all rights reserved.
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