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http://www.3gpp.org/ftp/tsg_ran/TSG_RAN/TSGR_102/Docs/RP-233992.zip

3GPP REL-16 TO REL-18 TOPICS AND RELATIONS 3 &k
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5G Advanced - the ongoing evolution of 5G

5G TIME SENSITIVE NETWORKS (TSN) - INTEGRATION

Deterministic network: 5G measures ingress-egress latency and sync with external networks.

New KPI: Survival time 5G or PTP
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@ 5GS time synchronization

@ TSN time synchronization

Enhancements on time error budget estimation to reduce uncertainty

8 Rohde & Schwarz 5G Advanced Technology Aspects COMPANY RESTRICTED



COMPANY RESTRICTED



5G Advanced - the ongoing evolution of 5G

9G NR SIDELINK — CHANNEL STRUCTURE

Improved flexibility due to sidelink Release 16 sidelink with focus on automotive!

control info. (s (—

Various numerologies to copy the
tremendous ﬂeXIblhty of 5G NR, Release 17 sidelink with focus on battery consumption!
= O

also to 5G NR V2X -
T dum—

@ Release 17 sidelink with focus on uRLLC!

Structured synchronization block (S-SSB)
< —
I
=2 [
S—

Physical sidelink broadcast channel
PSBCH + sync (S-PSS and S-SSS)

Release 17 sidelink with focus on public safety!

Physical sidelink control channel
PSCCH [sidelink control info (SCI)]

Physical sidelink shared channel I:
PSSCH [sidelink data] Industrial loT
f Uu-interface lloT
Physical sidelink feedback channel Relay functionality vY:‘mmumcamons
PSFCH [sidelink feedback control info (SFCI)] () f.
(=0 Q
Time sensitive networks

(TSN) over PC5 2B,
COMPANY RESTRICTED
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REDUCED CAPABILITY (RedCap) + POWER SAVING ASPECTS
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5G Advanced - the ongoing evolution of 5G
5G NR REDUCED CAPABILITIES - ADVANTAGES

User:
New loT-based services
(throughput, latency, QoS

90

support) "

60

Interactivity score (KPI)

50

3GPP deployments using network slicing x@
(( .)) - - 0
2 & e 0
» . - '
D w :) Slioo # — o RTT/s
: LD RN aid

.- B ) o

Operator: Device:

RedCap is the first pure 5G Portfolio extension -

loT technology. Connect to ranging from mMTC (NB-
5GC and use additional : loT) via RedCap to high-
methods, e.g. network slicing ' end loT devices (lloT)
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POSITIONING ENHANCEMENTS
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5G Advanced - the onain&levolution of 5G

POSITIONING METHODOLOGIES - EVOLUTION
Differential positioning, e.g. sidelink RTT

PRS TX and positioning on multiple CCs and multi-band () an d AoD meth Odo | Og |es

ML . P =
(((O)) ""‘- 5 = better oo 3. Multi SRS :
S : () ici TN transmission, also
A\ dwd . ( efficiency N / on multiple CCS — = @
' gt A Cell =
S ﬂ—b he—=> @
BT e e ((0))) Py

Beam \\ N\ W 2 N_ @iy O T -
specific
JfF better granularity

2 X Aggrggalting : @ e - . - . g .
Shortymbol > [ < postioning Positioning integrity & verification (e.g. All,
boter AT 5 o Network sy statistics, two-factor authentication)
granularity NR positioning in RRC_INACTIVE/IDLE state
Enhance accuracy due to hybrid (e.g. P(x)
GNSS, UWB, Bluetooth)
GNSS —
() fﬁ Confidence interval, mean

score, error distribution (sigma)

h JB . ) - ; UE or LMF based integrity
e i S Rel. 17 => GNSS integrity Rel. 18 => any RAT integrity
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Terahertz (IEEE, ITU): 0.3 THz to 3 THz

crowave Infrared Visible Ultraviolet X-ray

>} e >l

mmWave Terahertz

T

30 GHz 300 GHz 3 THz 430 THz 730 THz 30 PHz 3

EXTENSION OF FREQUENCY RANGE 2: FR2-2
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NR evolution — FR2-2 extension

Operating Uplink (UL) operating band Downlink (DL) perating band Duplex Mode
Band BS receive BS transmit .
E transmi E receive Cell size Latency

I FUL low — FUL high FDL low — FDL high £
I 57000 MHz - 71000 MHz 57000 MHz - 71000 MHz TDD (Note) 2
I 66000 MHz - 71000 MHz 66000 MHz 71000 MHz TDD (Note) 2
NOTE: n263 unlicensed, n264 licensed
H
455 47.0 2
50.2
|| | :
120kHz ]
24.25 27.5 31.8 334 37.0 43.5 .. 50.4 52.6 60kHz e 480kHz B
472 482 960kHz (e
For WRC-23 low medium high very high even higher frequency
3.410 3.4, 3.6 t0 3.8, 6.425 to 7.025,
7.025 to 7.125 and 10 to 10.5 GHz
0.41 7.125 24.25 52.6 114.25 275
FRl ‘;Jr:lr:).rj“‘) FR2'1 - “FR4”2) “FRS”
(drawing not to scale) . >
52.6 71 fin GHz
60 GHz band D
I successfully identified for IMT at WRC-19 57 663 71 76 78 81 86 92 95
[ Failed to be identified for IMT at WRC-19
Source: https://news.itu.int/wrc-19-agrees-to-identify-new-frequency-bands-for-5g/ NeW Chan nel ban dWldth Of 2G H Z pOSS|b|e
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https://news.itu.int/wrc-19-agrees-to-identify-new-frequency-bands-for-5g/
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The ongoing evolution of 5G

ARTIFICIAL INTELLIGENCE (Al) IN 5G
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5G Advanced - the ongoing evolution of 5G

5G - FIRST Al - USE CASES

CSI Feedback Beam P:SItlonlng
enhancements Management ccuracy
enhancements
— S| - manBaega(leTnent Al/ML based
Compression _ _ e
. spatial domain positioning
Beam AlI/ML assisted
— CSI Prediction — Mmanagement — N
: : positioning
time domain
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5G NTN TECHNOLOGY ASPECTS
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5G NTN - HOLISTIC VIEW

UAV flight control PN
Service jlink

’ 4
ll "'
Feeder/ link Airgeground M7

¢" > #es -.~~.‘~

[oT-NTN
Urban area Rural area
COMPANY RESTRICTED

Rural area

NTN backhaul

Remote area

L 2

5G NTN takes flight
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5G NTN SPECTRUM & UE ASPECTS

Band Region Related Band
bands type
EU FDD

n253 L-ext

1668.0 1675.0 1518.0

n254 EU L+53 FDD 1610.0 1626.5 2483.5
n255 EU n65 FDD 1626.5 1660.5 1525.0
n256 NA n24 FDD 1980.0 2010.0 2170.0

Band Region Band UL low UL high DL low DL high
type MHz MHz MHz MHz
us FDD

n510 27500 28350 17300 20200
n511 (U FDD 28350 30000 17300 20200
n512 EU FDD 27500 30000 17300 20200

UL low UL high DL low DL high

Link level FR1 NTN-UE or loT- FR2-1N VSAT UE
assumptions UE

TX power

Antenna type

Antenna gain

Noise figure

Polarization

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

Ku Region 1 FDD 12.75-13.25 & 13.75- 145 10.7 - 12.75
Ku Region 2 FDD 12.75-13.25& 13.75-14.5 10.7-12.7
Rohde & Schwarz 5G NTN takes flight

23dBm = 2dB 33 dBm (2W)

(200mWw)

(note: more likely 23

dBm + 2dB)

Omnidirectional 60cm aperture
diameter

TX/RX 0dBi TX: 43.2 dBi/ RX: 39.7
dBi

9dB 1.2dB

Linear (dual polarized Circular polarized

possible) phased array antenna
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NTN: RTT ASPECTS AND DOPPLER SHIFT

- +Dopplerya
R-l_rmax

Doppleri,
R-l_l—min

GNSS Dopplefvac— Elevation,y Elevation oy Elevationy
8 . .
ij Elevation,; Elevation,qir Elevation;,;
— m‘ —
- = — @ _— gy, _— -

corresponds to RTT i,

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

Elevation angle
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5G NTN MOBILITY SCENARIOS - EXAMPLES

& & & & &
£ 088 £ 8 8

N \ g e
N & E ]K
Cell selection/ Intra-satellite/
cell reselection inter-beam handover

Inter-satellite handover/

NTN — terrestrial

inter-satellite dual connectivity (DC)

handover/DC

<+—>» NR-NTN connection

<4----- » Target or simultaneous dual connectivity NR-NTN connection
4----- » Target or simultaneous dual connectivity terrestrial connection

Rohde & Schwarz 5G NTN takes flight COMPANY RESTRICTED



5G evolution, Releases 16, 17 and 18

5G PERSONAL AND RESIDENTIAL NETWORKS
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NR evolution — PIRates

PERSONAL IOT AND RESIDENTIAL NETWORKS (PIRATES)

Study on Personal loT Study on Enhancements for

Networks (PIN) Residential 5G
TR 22.859 TR 22.858

Disnep
Merged as one work item “IRATES%
PIRates RIDBECN S

(SP-211505) /g

25 Rohde & Schwarz 5G Advanced Technology Aspects COMPANY RESTRICTED



NR evolution — PIRates

PERSONAL loT NETWORK (PIN) AND RESIDENTIAL NETWORKS

""""""""" Home Automation Notification
@ Relay PIN Oon smanphén.e EE
H" - e Personal loT networks:
i - Direct access to 5G core for 10T
. @» ;o devices via ,mediator‘ UE
" S . S « Step towards shared computing
@<z concept
| U = | . Ethernet
| Guest PIN =E| Relay” " =
Element ~ (‘% \ N Eﬂ E

Customer premises network (CPN

Non-3GPP RAT, e.g. WiFi, optic, Ethernet
Access o
— Mobile
UE | eRG) -
Non-3GPP \/
Access

device
3GPP or non-3GPP radio

Note: The UE has 3GPP credentials, i.e. ﬁﬁﬁigﬁ;gge:;:;rﬁm)
the PRAS is not a WiFi AP \

Residential networks:

« Enhanced concept of small
cells/personal cells and usage of
unlicensed spectrum

Evolved residential gateway (eRG)

Premises radio access system (PRAS)

Chriiren- TD 29 QOEQ
26 Rohde & Schwarz 5G Advanced Technology Aspects
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9G NR - evolution Rel-18 aspects

((R) e
R18 Full Duplex oo o AN
.

Justification : Q

— TDD is widely used in commercial NR deployments

— TDD limited time duration in UL

— This implies reduced UL band/coverage and increased latency

— CLI handling and RIM for NR were introduced in Rel-16
Objectives :

DL DL DL DL

- Subband non-overlapping full duplex at the gNB side within a conventional dynamic TDD band
- Conditions :

- Duplex enhancement at the gNB side, Half duplex operation at the UE side

- No restriction on frequency ranges

Cross-link interference (CLI) handling : inter-gNB , Inter-UE , intra/inter subband , inter operator

Co-existence in co-channel and adjacent channels with legacy system
- Impact in antenna/RF design (antenna isolation, TX IM suppression in the RX patrt, filtering, interference suppression)

@ 27 Rohde & Schwarz 5G Advanced Technology Aspects COMPANY RESTRICTED



5G NR - evolution

R18 “5G ADVANCED” [Z88 - EVOLUTION AND REVOLUTION

Mobile Extended Dynamic Sensing & Wireless
Broadband Verticals Infrastructure Ranging Intelligence
Evolution Revolution
\ \ N \ \

@ 28 Rohde & Schwarz 5G Advanced Technology Aspects



RELEASE 19
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REL-19 : ITEMS ( CORE )

Project (RAN1 Led) WI/SI/Effort
AI/ML - Air Interface WI (4)
NR-MIMO Evolution WI(2.5)

Evolution of duplex operation WI(2.5)

Network energy savings WI(2)
Low power WUS/WUR WI(1.5)
ISAC SI2Q°24 (1)

Exploring study in new

3] 20’24
spectrum (7-24GHz) S12Q’24 (1)

Ambient loT SI (3.5)

- RAN4 Items will be defined in March 2024
- Additional LTE WI tbd in March 2024

Rohde & Schwarz

Ref.

RP-234039

RP-234007

RP-234035

RP-234065
RP-234056

RP-234069

RP-234018

RP-234058

Project (RAN2 Led)
Mobility Enhancements

Enhancements for XR

NTN (Non-Terrestrial Networks)
evolution - NR

NTN (Non-Terrestrial Networks)
evolution - loT

Al/ML for Air Interface
(Mobility)

Project (RAN3 Led)

SON/MDT Enhancements

Al/ML for NG-RAN

Additional topological
improvements

WI/SI/Effort Ref.
WIQ) RP-234036
wIQ) RP-234057
WI(2) RP-234075
WI(1) RP-234070
e RP-234055

WI/SI/Effort Ref.
~1.5TUs RP-234038

sl RP-234054
SHWI(E) RP-234041

Legend : WI Only ; Sl only; SI + WI
Effort 1= 1 TU pro meeting

COMPANY RESTRICTED


http://www.3gpp.org/ftp/tsg_ran/TSG_RAN/TSGR_102/Docs/RP-234039.zip
http://www.3gpp.org/ftp/tsg_ran/TSG_RAN/TSGR_102/Docs/RP-234007.zip
http://www.3gpp.org/ftp/tsg_ran/TSG_RAN/TSGR_102/Docs/RP-234035.zip
http://www.3gpp.org/ftp/tsg_ran/TSG_RAN/TSGR_102/Docs/RP-234065.zip
http://www.3gpp.org/ftp/tsg_ran/TSG_RAN/TSGR_102/Docs/RP-234056.zip
http://www.3gpp.org/ftp/tsg_ran/TSG_RAN/TSGR_102/Docs/RP-234069.zip
http://www.3gpp.org/ftp/tsg_ran/TSG_RAN/TSGR_102/Docs/RP-234018.zip
http://www.3gpp.org/ftp/tsg_ran/TSG_RAN/TSGR_102/Docs/RP-234058.zip
http://www.3gpp.org/ftp/tsg_ran/TSG_RAN/TSGR_102/Docs/RP-234036.zip
http://www.3gpp.org/ftp/tsg_ran/TSG_RAN/TSGR_102/Docs/RP-234057.zip
http://www.3gpp.org/ftp/tsg_ran/TSG_RAN/TSGR_102/Docs/RP-234075.zip
http://www.3gpp.org/ftp/tsg_ran/TSG_RAN/TSGR_102/Docs/RP-234070.zip
http://www.3gpp.org/ftp/tsg_ran/TSG_RAN/TSGR_102/Docs/RP-234055.zip
http://www.3gpp.org/ftp/tsg_ran/TSG_RAN/TSGR_102/Docs/RP-234038.zip
http://www.3gpp.org/ftp/tsg_ran/TSG_RAN/TSGR_102/Docs/RP-234054
http://www.3gpp.org/ftp/tsg_ran/TSG_RAN/TSGR_102/Docs/RP-234041.zip

IMT-2030 capabilities and usage scenarios

Usage Scenarios
of IMT-2030

\Ncapab”‘“esof//v/r\eo Capabilities
70 of IMT-2030

Immersive
Communication

Integrated Sensing / \ Integrated Al
and and
eMBB

(1-10cm)
Commu nication Com munication
Security, privacy,

and resilience Peak data rate

IMT-2020

mMTC URLLC
Reliability ' User experienced

Massive Hyper Reliable

Communication \ / and LUW La'fE"‘V
c
<

(1-10°-1-107) datarate

Spectrum

ffici
Ublqmtous LR

Connectivity
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Shaping the future of mobile communication
by standardization

You are here!

Fundamental research Applied résearch o Standardization III

Phase 2

WRC+23 WRC-23 results: WRC:27 WRC-31
vf 6G Study items|for WRC-27:

:7.125—8.4 GHz, 14.8 - 15.3%
: FCC: 12.2-12.7 GHz

Assumptions
= not confirmed
timelines

15t 6G network launch?

Rel-18 15t 6G devices?

ASN.1 freeze

il

1) IMT-2020 systems are called 5G, The ITU has already started a new technology trend report to prepare the work on “IMT-2020 and beyond” that is likely to become 6G

@ 32 Rohde & Schwarz 6G major research areas - Mar 24 OMPA R R




G

RESEARCH AREAS FROM A T&M PERSPECTIVE

Spectrum for 6G: Integrated sensing & Artificial Intelligence Reconfigurable Photonics, Visible New network

“FR3" and THz communication and Machine Learning  Intelligent Surfaces Light Communication topologies, distributed

_ computing BoF

((( . ))) OO =
] ]
§ S ]
O '\’\///\
O TR

<> A () ((<c\>))
B = B ] é 2 N P’ . .
- Nyl

Multiple access,

new waveforms, Ultra-massive The Metaverse and Full-duplex Security &
channel coding MIMO eXtended Reality (XR) communication Trustworthiness
A high-level overview of all these research areas is provided in one of our videos

® 33 Rohde & Schwarz 6G major research areas - Mar 24 COMPANY RESTRICTED


https://www.rohde-schwarz.com/us/knowledge-center/videos/-thinksix-main-6g-research-areas-video-detailpage_251220-1043073.html

WHAT FREQUENCIES ARE WE TALKING ABOUT FOR 6G?

Let’s be clear, a future 6G standard will also work below 100 GHz, below sub-6 and 1 GHz!

» (sub-)THz will “just” be another frequency layer!

275 - 296

z '\?—\\
306 - 313
318 — 333 2
/ 356 — 450
1l

J-Band Y-Band

| 802.15.3d-2017 |

34 Rohde & Schwarz 6G major research areas - Mar 24
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THE PROPERTIES OF A (SUB-)THz SIGNALS DEFINE THE
ACTUAL RANGE OF PQPLLCATIONS

» Energy / frequency 10000
region of molecular
rotational transitions

—
o
o
o

of gas molecules and < .
vibrational transitions of % &
weak bonds. 2 % l l
» Low energy: does not § E S
initiate changes in 5 & l Clcl‘-
chemical structure. % % l 'y @
» Terahertz waves can a b ‘ &
penet.rate threee | curreént ch@annel
materials opaque to e octbiodse
other parts of the EM M B B
spectrum. 0 100 200 300 400

Frequency (GHz)

@ Rohd&é&h8e&v&chwarz 6G major research areas - Mar 24 COMPANY RESTRICTED



FR3 Overview

FR1 7.125GHz -> FR3 <= 24GHz _

In June 2023 FCC approved AT&T's request to demonstrate the functionality and capabilities of 5GA and 6G in three
bands: 5.925GHz-8.4GHz; 10.7GHz-15.35GHz; 92GHz-100GHz - the license is valid through June 1%, 2024.

((C

AT&T

The FCC adopted rules to preserve spectrum between 12.2-12.7 GHz for current and future satellite services. The
FCC also proposed 12.7-13.25 GHz band to support flexible terrestrial wireless use, including 5G/6G wireless
services. Focus on study for 7.125 to 8.5 GHz expected by 2023

®

% Korea/Japan up to 15.3 GHz for the RU market — mainly driven from Japanese/Korean NetOps
& Satellite operators are pushing for 3GPP adoption of Ku band

%
&

@ 36 Rohde & Schwarz 6G major research areas - Mar 24 COMPANY RESTRICTED



&.7 RESEARCH AREAS FROM A T&M PERSPECTIVE

THz communication, Joint communication Artificial Intelligence Reconfigurable Photonics, Visible
and “FR3” & sensing and Machine Learning Intelligent Light Communication

Surfaces QI
e ((c >))§ @ i : Q :\, h

\
VAVAVAVAVAVAVAVAVAVAVAN /\

/

\ g -
(%w (R) (@) o5
OA C 'O /O . 7 > >
((O:) aa ”W) D B < <
A A ~Uoood
. A high-level overview on
Multiple access, Ultra-massive  New network topologies, Full-duplex Security & all these research areas
new waveforms, MIMO distributed computing ~ communication Trustworthiness is provided in one of our
channel coding

#THINKSIX video.
Don’t miss it!

COMPANY RESTRICTED
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https://www.youtube.com/watch?v=mv0EYJhnncw

JOINT COMMUNICATION AND SENSING (JCAS)

f




JOINT COMMUNICATION AND SENSING (JCAS)
USE CASE EXAMPLES




Towards 6G
Integrated sensing and communication

Verifying JCAS technology
Object simulation: + R&S®AREG800A Automotive Radar
speed, distance RSC Echo Generator for object
i = e simulation and the R&S®FE44S

((( I | =] G EZ2C external frontends.

+ R&S°SMW200 to generate

'/- interference signals
R&S®AREG

Interference simulator

R&S®SMW200A

@ 4D Rohde & Schwarz Biabited\toritEeryelsalés - Mar 24 | COMPANY RESTRICTED



&’5 RESEARCH AREAS FROM A T&M PERSPECTIVE

Reconfigurable
Intelligent
Surfaces

A high-level overview of
all these research areas
is provided in one of our

videos.

® 41 Rohde & Schwarz 6G major research areas - Mar 24 COMPANY RESTRICTED


https://www.rohde-schwarz.com/us/knowledge-center/videos/-thinksix-main-6g-research-areas-video-detailpage_251220-1043073.html

Reconfigurable intelligent surfaces (RIS)

RECONFIGURABLE INTELLIGENT SURFACES (RIS)

Reconfigurable intelligent surface (RIS)

Basa station Mobile user

42 Rohde & Schwarz 6G major research areas - Mar 24 COMPANY RESTRICTED



Thought & solution leadership on the way
to the next generation of mobile communication (6G)

/ Sub-THz

R&SEFSW/SMW R&S®FE170ST/SR
@ 43 Rohde & Schwarz 6G major research areas - Mar 24

[t
d
\ ‘X‘
\ T %7
\*

XR/AR/VR

R&SENRP170 R&S®PAREG800A

& Target simulation for Integrated
Sensing and Communication (ISAC)

¢ Testing Reconfigurable Intelligent Surfac
(RIS) ¢ .

&
& Al/ML training and performanc&#@$

& Sub-THz mesesurements

R&SERTP R&S®CMX500 R&S®ATS1800C
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SUMMARY

» Deployment of 5G networks is in ful;
standardization organization =||=====

Imear evolution path provided by the industry’s

» Academia and key industry pIéyers*éﬁ | poundaries and started looking into next
generation of wireless communica . R

» New, challenging technology componeﬁts may Qom slemen the existing concept of cellular
networks or even provide revolutionary aspects

» Rohde&Schwarz is actively engaged in this phase of fundamental research, providing our
expertise in test and measurement to make ideas real

® 44 Rohde & Schwarz 5G Advanced Technology Aspects COMPANY RESTRICTED



Thank you
e rveryimuch - X

ROHDE&SCHWARZ
Make ideas real




