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% H=F (Preferred loT connectivity strategies for enterprises)

30

20

A% of enterprises

Wi-Fi 6 or 7 only

. Industrial (e.g. factory)

Smart city

Source: Rethink Technology Research enterprise survey June 2022

2 protocols

4G or 5G only 10T protocols only 3 or more protocols

@ carpeted enterprise

() Public venue (e.g. mall)
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o B2M 7)1 (Wi-Fi 2t 5G)

* The two major wireless solutions and their convergence
< 0|7|B HEHAU M2 MERH 7|5 EED
«c LESO|L ADIEE § &4 7|7| 0| R4 Sofl HZE & = A= IEEE 802.112| 7| & EE

3GPP GSM EDGE UMTS HSDPA HSUPA LTE LTE-A, 4G Pro, 5G

Convergence
Femto-cell
Passpoint
IEEE 802.11u

IEEE Wi-Fi 1, Wi-Fi 2, Wi-Fi 3, Wi-Fi 4, Wi-Fi 5, Wi-Fi 6, Wi-Fi 7

Source: Software Networks (Virtualization, SDN, 5G and Security), by ISTE Press Ltd and John Wiley & Sons, Inc. 2020
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%+ The BeanDevice® WiLow® AX-3DS is an ULP (Ultra-Low-Power) WIFI accelerometer
dedicated to shock detection with built-in data logger and a scalable measurement range.

% Thanks to WIFI technology, this wireless IOT sensor can be used for dynamic measurement
without network bottleneck issues.

WiLow*AX-30§

\VTH HIGHER RANGE ANTENNAS
1 &
(€ FE Emwn

) — —
§°tr/ & G MADE IN GERMANY

Source: https://www.beanair.com/wireless-iot-shock-sensor-wifi-overview.html

I X X JS Lab




. 7R

< Diagram for IT Tech Park Office Scenario: FWA + 5G + WiFi6 & WiFi7
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W New infrastructure.

B exiting
Intrastructure =
Backhaul

UPF /
Internet

Source: https://www.telecomhall.net/t/high-level-connectivity-diagram-for-it-tech-park-office-scenario-were-fwa-5g-wifi6-wifi7-are-working-hand-in-hand/24805
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Regulatory
bodies
(global and regional)

Industry forums

Standards
developing
organizations

National
administrations

Regulatory
product
certification

Spectrum
regulation

Technical
standards
License
conditions

Network
operation

( Product vendor ][ Operator ]

Product
development

Placing on
the market

Mobile industry view:

Source: Dahlman, Erik; Parkvall, Stefan; Skold, Johan. 5G NR (p. 47). Elsevier Science. Kindle Edition.
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< AWS Private 5G

o 2o 0]20A Z2to|8! 2HIY YIERT b= 3 &

=]
T

23X
43t

Sk o) Do

el
é.} Q Order Install Activate
From the console, specify AWS delivers your network Open the console and
the coverage and capacity hardware. Attach power and acknowledge hardware
requirements for your intemet connectivity. receipt for automated
private mobile network network configuration.

Insert SIM cards into

the devices to connect.
AWS Private 5G

Deploy, manage, and

scale your own private
mabile network

Manage Scale
Operate and manage your Easily adjust the network
mobil work and capacity and number of
connected devices as any connected devices to match

other AWS resource your business needs.

Source: https://us-east-1.console.aws.amazon.com/private-networks/home?region=us-east-1#
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% Cloudify: AWS AMH| 20 56 Y E{3 £2j0|d HE

- HE|Z 2R E 2|2 E|0]4: Cloudify is for multi-cloud
- OfOrE AWS H-& (0f]): Cloudify architecture on AWS.

—

orchestration

First plesse select

Configuration

&P cLoupiFy

Infrastructure & Workload LCM

Service Assurance

- RAN s galece
% 53 AWS SDK/APIs @
) 4 syembiomsser  Contig CloudFormat e
-; s||\-/| 7tE & Corporate Edge & f'@
A Hw ~ s
[47] MEC
56 224 5G RAN MH (2RU) AWS Direct Connect 56 20
Source: https://aws.amazon.com/blogs/industries/implementing-5g-network-slicing-with-cloudify-on-aws,
®*o 0 JS Lab
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< 5G communication opportunity for Industry 4.0
//{ - g A V‘\\
[ Reliability )
N - i
_ Security y, | Latency
ak} A - > . 4

(4IR, The 4th Industrial Revolution)

—

zxxe [

5G for Industry 4.0

/" Ease of (
\Deployment., i

Pie ™

/Device Densi'ty\\

and QoS
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56 83} J|&n4
= 5G NR % #HL(5GC)

= X0& ADEE MH|A

Rel-15 (*18.6 2t&)

Source: 3GPP Rel. 17 7|&7#2% &4 21M (202214 Futs= g2 9

+ O|SSH 7|=2| Tlziet M8 58 / B4

56 SYMH|A 7|&1H

= 5G S3}2t 9 NR-V2X
*5G ADIEZE! AIBFH

Rel-16('20.7 &t&)

oh

2718712 Y BOM, TTA @I 23A)

5G SEAH|A EERH
= 7|5 27128 9 AT AHIA
=50 7|4t 9M EAl 56 7|tats

Rel-17 (*22.3 2t&)

Rel-182 2024'd EE3t
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< 3GPP NR Workplan

Rel-15
+ NSAand SA
+ eMBB
+ URLLC
« Carrier aggregation operation

* Inter-RAT between NR and LTE

(2016|2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 _
H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2

|_Rel-17 77

Rel-18

Rel-16 Rel-17 Rel-18
+ IAB + NRupto71 GHz « Enhancements and evolution
* UE power savings * NTN * Smart repeaters
+ loT + NR-Light (RedCap) = UAV (Unmanned Aerial Vehicle)
+ UE positioning + Enhancements * Network power savings
+ Unlicensed spectrum o i « New technologies

+ VX

Rel-16 Ol A= V2X2F NR-U
(NR Unlicensed) &5}

Source: KEYSIGHT

Rel-17 Of M= NTNF A+
loT L2 2 HES{LA S
X @ots EESH

= AUML

- Duplex Evolution

O o Rel-18 O A Al/ML 7| &0
Ciot #&3} 018

@

-
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% 3GPP - Looking forward - Rel. 18 & 5G Advanced

* Full Duplex Operation
* Al /ML

* Lower Energy Consumption . :
Artificial Intelligence (Al) /

Machine Learning (ML)

//]F\\ & 49.

Full Duplex Dynamically managing the Lower E nergy
Operation conneclion based on needs & Consumption
context
Duplex communication in sub- Q Significantly reduce network power
bands to lower latency 5 ,-‘"‘ consumption
® o0 JS Lab
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% Sidelink continues to evolve in 5G Advanced and beyond

_ p _ o~ )
/‘dk /EE - E | @U iig

Continued sidelink technology evolution into 5G Advanced and beyond

- EttifosO| A 20231 R

iy
>
>

XESIE sl 293 o Research Release12/13  Release 14/15 Release17  Release18+
. gg—ofﬂﬂol‘ ;—ﬂba}";fpp Our foundational  LTE device-to- D2D 5G foundationfor Expansionof 5G 5G Advanced
o - E —le= e system research  device (D2D) improvements broader sidelink beyond  evolution of
- — for sidelink supportin 3GPP,  andexp to app 'S automotive, sidelink
. QSE%’EO‘WE g uel . began in2010  aimed at proximity automotive for and evolutionto  including device  bringing
EMoz 7|X)Ii‘l_| He ol A services and public road safety support advanced relays for improved
’ %ﬂjﬁt@?ﬂﬁ} =xt safety automotive use network coverage performance,
* Rel-182 H|B5] Sidelink 017 canes SRR cency.anc
; new use cases
[ ° ® o e °

Source: Amdocs 5G xRAN Automation vision
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< Radio Access Network evolution
* Distributed RAN
» Centralized RAN
*» Virtualized RAN

GEIETES

Benefits L

(i
(« I‘I 1)

() | E -~
poaE

*  Reduce transport cost

*  Smaller outage units at
equipment failure
Reduced latency for end-
user services

*  Data centers are limited
by floor space and power
supply

*  Flexible backhaul
Use at most locations and
scenarios

{«l
(el

1)

)
N

J

*  Pooling of hardware
resources (optimization)

*  Fewer nodes/sites leading
to reduced CAPEX/OPEX

* Competence consolidation

*  Energy efficiency

*  Maximum radio coordination

*  Flexible baseband
configuration and
dimensioning/pooling

(«l
Ifi)
k

Distributed RAN Centralized RAN Virtualized RAN

- Vendor agnostic comericial
off-the-shelf (COTS)
hardware to enable
innovation across a range of
a software ecosystem

*  Virtualization on General
Purpose Processors (GPP
i.e., x86)

GPP inefficient for real

Strict delay requirements time baseband processing

(i.e., fiber fronthaul)

Challenges * Baseband dimensioning Fronthaul/baseband single :;1.!10)h ;
point of failure p::,'l:': N Tt o)

Source: Enterprise Evolution with 5G Adoption, A 5G America White Paper
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% Open RAN Automation (Amdocs)

Service Management & Orchestr

Design Inventery
New innovotive

Business Enabling Apps

| cApp |
Nen-kTRIC LT
[ rAgs |

Operat

Simulation led reinforcement learning

AcTioNS: P AcTions:

Near-RTRIC [T
| xApp |

TIoN

E2

=

sting RAN automation depl ¥ 20+ Years Experience in RAN Al / ML ¥ Network vendor neutral

Source: Amdocs 5G xRAN Automation vision

o0
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% Amdocs 5G xRAN focus on x/rApps (Amdocs)

Open RAN Amdocs focus areas

SOFTWARE
AUTOMATION

Service Management & Orchestration

Independent
[N

to hide complexity Operotions J{Crchesworion | | S KITR A holistic

software provider

Design, inven
A trusted

= xapp |
for the open ecosystem E .
N on -

&t A comprehensive
OPEN RAN AUTOMATION

An efficient & scalable q software provider

xApps, rAPPs, Near-RT n-RT RIC

provider

Source: Amdocs 5G xRAN Automation vision
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% NR-U
* 5G NR-U= 5G NRe| ME22 X5 ZEZ H|HS| AHERHN M ALBE HSt= AFRO|2HH F3LL ALE
« ADEE EfES], L EF, loT C|HIO|A 5 C}FSH ClHIO|A 9l o E2|#|0] 0] 1%, MX[H HHE XS

kSt
« NR-UE 2014490]| M3 =UE LTE-LAA EES 7|4k LTE-LAAE H|Bg| I ME LTE WE °437P
A5 = UAEE XN, NR-UE LTE-LAAS 7|¢te 2 o0 ChSat 22 O3 7HX] M2 7|s2 F7t

o o 42 Y= X
o o Be AIgX XY

o
fl'Ul

e X90iMe 85 M2 U HABE 25 Z3t
o S7tE AHE-HYM EF3t= 7I1E 56 HEHIOf HisH = R A Lo 22| j=E A2 = o

o IE MXH AZZ HE SEXHY YUES NI + A, 7IE 2HEH0| HSE X B= XHY22 56

New Radio-Unlicensed (NR-U)

License Assisted Access, LAA (3] S X F%): LTE YOl 7|X| 50| B3| S £ 24 2UHLE AHBSHL, B 2ER HAS BEX 24 U2 AF8StE 24t F-8(CA: Carrier Aggregation) 7| &

I X X JS Lab
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% NR-U

- New Radio-Unlicensed (NR-U)
« NR-US| 8% & X|H3t= 371X RE

o Carrier Aggregation: H| 5| ATEH2 CIRAEZ ALEX EQ 882 &2l= T AL, M
82 Ho|g= o{7tEl AHEHS ST &t

o Dual Connectivity: H| 25| AHEHS S5l YAEZ U CH2AEE ALEA B0 Ej S R F XS0t
Efm o2t £ Qo] dALACH HEE E2Q EafT2 5i7tEl AHMEY S E6)AMTH TS0t

o Standalone: &[0 2! ALEXF E2|Ql E2fElS H| S AT E 0T 9| ESt= 3GPP H2| & ZE0|C}

o0 JS Lab
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% NR-U: NR-Unlicensed, NR in unlicensed spectrum (Source: TTA)
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< 5G NR-UE CtS1t 22 Cradst A2
A E 7|CHE &= UL
EH}% SHH: NR-UE AOIEE, EfE3],

AI-LINK Debuts the World's First Cloud Native Industrial 56 NR-U on 2023 MWC

=0 2HtY FUHS HSots o AHE

Fully Built In-House

- D BM AN A: NR-UE 7PYTH 7|0 D e

FH AMLE HMSSH= *fg

= m.‘““”“{ l(‘)ncnhwfe(-i“m R

' ﬂ-gg IOT NR UI_ kﬂ 1 9’: 0" |E-|9|. 2 % 56 HR-U RRU (Outdoor) SGNT:RRU(mdDm) o )

H8E oT ool g st o A8 R sty
« 2A0LE AJE|: NR-U= 20HE M3, A0LE

ZA S AORE AlE| OfB2H 0| ME X|YBe

Ol AtE Deployment Mode

m E MQCU:'N m@ Ho @ me'

on-Pre & ~] On-Premises

Private Mode Cloud Mode Hybrid Mode

XX |  JsLab
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< NR-U 7|2t wi UAVe| 7|3]

83 % #H{a|x]

. ZHH3 SC|ME Y EYD HE
- Eok 3o} B M B
- DAY EA

- Al AE EH A

On-Demand

Capacity and
: ’ Network

Lowsgg e Machine Type | 3D Mobility and
ure .
I Lommunication UserTrackmg

Connection

WI (Wireless Infrastructure), UAV (Unmanned Aerial Vehicle) Drone, ...

Source: IEEE Access, 6G NR-U Based Wireless Infrastructure UAV: Standardization, Opportunities, Challenges and Future Scopes
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NR
FR1

* NR FR1: 410MHz~7.125GHz
* NR FR2-1: 24.25GHz~52.6GHz
* NR FR2-2: 52.6GHz~71GHz

< Frequency ranges FR1 and FR2.

Source: https://www.tech-invite.carn/3ra3 &/ tiny-3gpp-38-101-2htral

24250
MHz

52600

MHz

71000
MHz

®*o o0
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< Taxonomy of technologies that use unlicensed spectrum.

lioemsed + walicemed).
standalone (unlicensed)

Sndardiion | aderioe | Opersional x (T
Technology | bands Deployment capabiliies | 0 0 Key features )
g | Valicemal baads: T9, TS G
Unlicensed Bands: 23, 5 GHZ Aggregated basdwidih: 80 M)
1% o s Mterie || 08 A | s | 7G| s e | 17 MR ) AL 518
MIMO: up 10 4 streams, MU-MIMO: oo A i LTE . Modulation: up to 256.QAM
2 76 W
802l || IEEE 80l | swb7GHr | sandabone (nlicensed) | Wik Mol wp s S1LQAM oy
HARQ: | | ) I | chanmet ccess scheme: LT
chanoel access scheme: CSMAKCA A e Rel14 o | winwos | LTE Rek1 + WRWGs
Ulicesed Bands: &0 GHz s
r 216 G ¢ i LTE Rel-14 WiGs e 14 + W FWiGie
Aggregated bandwidih: 2.16 GHz ALWIP il LTE K e 3 PDCP et | WHAWIOH LTE R Wi WG
" 3 161 " MIMO: wp 10 8 streams, MU-MIMO: no U g
80211ad || IEEE so21 above 7GHz | standalone (unlicensed) | WiGig Modulaom: up to 61-QAM b el :\ .;‘ga::.;::;:: ul'.:w::‘m _—
HARQ: mo daan ekl | wbron | v e |y Moduda vp 10 S QMM
channel access schems: (icemsed + unlicensed)
heen 3
Aggregated badwidih 160 MHz
il o i G i sk lw MIMO: up o0 § streams, MU-MIMO: up o & camricr aggregation
il Hlle | mh7GHe ) sondakone (mleemed) | W Madulaion: up 10 256 QAM K || oe TERIS | wb7GHe | forwed itemedh
HARQ: mo Wiccmed o unlccmed)
channel access scheme: CSMAKCA
Unlhceased ands: 5 Gz
Aggregated bandwidth: 60 MHz
i MIMO: up t0 8 srcams, MU-MIMO: vp 10 8§
3 U F Rl 12 carmet aggregation . MIMO: up 10 8 srcams. MU-MIMO: up o 4 PUSTINgY == W | BTN | sandikons (sncemed) | Wi s > »
ITEU || LTEU Foum | LTERHD | sb7GHr | (PS80 Moo up 10 256 QAM Mot s vt M
HARQ: yes. channcl access scheme: CSMACA
channel access scheme: duty cycle Unlicened bands: 60 GHz
7 = = TTE + Wil miegraion Aggrogaied bundwidkh: £:64 Gtz
1WA PP LTEReH3 | sub 7 Ghe T WiFi LTE Rel13 + < MIMO: up 10§ srcams, MU-MIMO: 5p 10 8
L < siiley || IEEE S02111ad above 7GHz | standalone (unlivemsed) | Wicig Modula SQAM
= = 7= TTE + Wi-F miegration odulation: up to 64-QA
Lwip WGPe LTERH3 | swb7GH | Lt Wi LTE Rek13 + Wi HARG: o0
icensed bands: § GHz e
Aggregated bandwidth: 80 Mz caricr aggregation Aggregated bandwidih: SO0 Mz
’ 5 carict aggregation MIMO: up io 8 sircams. MU ko7 Gl g | oomeed ¢ Snblomand. MIMO: up 0 § streams. MU-MIMO: op 1o 12
Laa EERML} | .mh 7 0k licensed + unlicensed) Modulation: up to 256-QAM FR-Y worr MREHIT | e 7 Gl | 00 cOMMOCiViEY L Moxdulation: up o HIM4-QAM

HARQ: yes
channcl acces scheme: LBT

Source: New Radio Beam-based Access to Unlicensed Spectrum: Design Challenges and Solutions, IEEE Communications Surveys & Tutorials - October 2019
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% Comparison 5G vs. Wi-Fi 7

Feature

Users can expect speeds

1
Speed Up to 10Gbps of up to 46Gbps

Latency 1-10ms Below 5ms

Expected to utilize the
Frequency Bands Sub 6GHz & mmWave 6Ghz band (5.925 -
7.125Ghz)

Approximately 50 feet at

328 feet - 1500 feet for higher band
Range ee 0 feet for higher bands 5Ghz

Security Protocols WPA3 and TLS WPA3

o0 JS Lab

ot i-Fi _50 X 11
» Wi-Fi EE2| 4H < IEEE WiFi Standards
@) »d by @dan_nanni w 6 < n

35m (in

35m (indoor)
140m (outdoo
38m (indoor)
140m (outdoo
0om

om
00m (ou
20

Hz
o G | 347w
30m (indoor)
120m (outdoo
303 6% | 1301 (o
46.1 Gbp

Source: dan_nanni

XX | Jstab
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» 0|Z MEZ2| 5413} IEEE 802.11 T3}

*,

*

I Uy GREC 4% #RE &% = Carrier Aggregation
LTE-Advanced 1Gbps 500Mbps +  LAA/NB-loT -
LI (. 75Mbps 37.5Mbps 1Gbps G NR§
o HSPA+(rel.7)  28Mbps 11Mbps 256QAM, 5CA TN
: HSUPA 14.4Mbps 5.76Mbps 7
HSDPA 144Mbps  384kbps 150Mbps SuuEHI CANED
3G WODMAm s 2Mbps 384kbps  75Mbps / '“ e
¥ 3GPPELONS ~ Wi-Fi FOH4/2 Wibro LR 6 m 802.11ah
14.4Mbps / -/
HSDPAS 7ﬂ

s 58/ . mem
O E mses
JAEV: pof 124 m 16 802.11(22MHz) 2 Mbps

153.6kbps / 2002 / 26 802.11b 11 Mbps
COMAZOOYTIS / 36 802.11a/g 54 Mbps
ST/ /2000 / 46 802.11n 600 Mbps
r 80 b 56 802.11ac 7 Gbps

1996 j &0 66 802.11av/ad/ay 10 Gbps

*802.11be 30Gbps

Source: https://ettrends.etri.re kr/ettrends/180/0905180001/34-6_1-16.pdf

® o0 JS Lab
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% non-3GPP
* Architecture of untrusted non-3GPP access using Wi-Fi network
o N3IWF: Non-3GPP Interworking Function
56 20f ﬁ ? * ﬁ $
N6 [ DN
®e O JS Lab
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< WBAZ2]| Enterprise Wi-Fis, 2023 PROJECTS ROADMAP

5G loT NextGen Roaming OpenRoaming™ lntg‘:h:zlfsl't
Work Group Work Group Work Group Work Group Task Group el Ll
Work Group

i B
] lnformatlon in RADIUS . } rvic
- y
: B
] Billing and Charging ] QoS Managemen
Evolution (BCE) = oe. :
. J

‘Wi-Fi Halow Wi-Fi Networks with Deces 0 R ing for IoT Venue Requirements for
rials Non-Fixed Backhaul OpenRoaming Netwmks PANIOAIENg 10130 Wi-Fi User Engagement

- RADIUS Accounting
Projects in progress - New projects for 2023 Assurance

Policy & Regulatory Market

WBA Certification Innovation Forum Connected

Affairs Work Group Work Group Task Group by CTO Group Communities Forum

Source: Wireless Broadband Alliance (WBA) Connected Communities Forum (CCF) Meeting, March 16th 2023
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% Wi-Fi 7 (based on IEEE P802.11be)

Ly ol =

I L
MEXL HT £E = AHEH 58 * HESL3 ouix &8 B - -]
User Experience Data Rate Spectrum Efficiency Network Energy Efficiency Connection Density

Key Enhancements
320 MHz channels Muilti-link operation

4096-QAM Deterministic low latency
Multi-RU (puncturing) P2P operation

o
o
Peak Data Rate Cost Effective Area Capacity Low Latency
Hn &5 Hg =g I 8 XA
Source: https://www.ieee802.0rg/11/PARs/P802 11be PAR Detail.pdf
® e JS Lab
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% |EEE 802.11 & 718 29} 802.11be (Wi-Fi 7)

Release M. MIMO
Standard / Amendme (Year) Freq. Band (GHz) | Data Rate | Channel Width (MHz) Maximum Modulation Capabilities
802.11 1997 24 2 Mbps 20 QPSK -
802.11a 1999 5 54 Mbps 20 64-QAM -
802.11b 1999 24 11 Mbps 20 QPSK -
802.11g 2003 24 54 Mbps 20 64-QAM -
802.11n 2009 2.4/5 600 Mbps 20/40 64-QAM SU-MIMO (4x4)
. 802.11ac 2013 5 6.93 Gbps 20/40/80/ 256-QAM MU-MIMO (8x8)*
Wi-Fi 5
160
Wi-Fi 6 802.11ax 2021 2.4/5/6 9.6 Gbps 20/40/80/ 1024-QAM MU-MIMO (8x8)
Wi-Fi 6E 160
Wi-Fi 7 802.11be Exp. 2024 2.4/5/6 46.1 Gbps 20/40/80/ 4036-QAM MU-MIMO (16x16)
160/320

t Up to four simultaneous users and downlink-only MU-MIMO
# MU-MIMO in both uplink and downlink

= ax

MU-MIMO: Multiple User — Multiple Input Multiple Output (CFHS AF& Xt - CHE €3 CHE &%)
Source: Bejarano, Oscar. Wireless: A Total Beginner's Guide to Modern Wireless Communication Technologies (p. 299). Bitflip Media. Kindle Edition.
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% Incumbent Users of U-NII 5, U-NII 6, U-NIl 7 and U-NII 8 Band

PR N SR
R } =, ? [
—— — e T i i
T FIXED
AP Standard Power

AP Low Power

U-NIl 4

Client Devices

AFC = Automatic Frequency Coordination

Source: https://www.litepoint.com/blog/an-introduction-to-wi-fi-6e-spectrum,
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< Key Updates on Wi-Fi Standards: IEEE= Wi-Fi 70|2t11 & SH= XHA|CH 802.11be X 10%
X 2|(Extremely High Throughput, EHT)2 7§

+ PHY layer:
o 320 MHz channels
o 4096 QAM
o 16 spatial streams
o Multi Resource Unit (RU) puncturing to protect incumbents (7| & AtEX} EZE 2|3t Puncturing)

Puncturing; ZtJ0| Xtctz|n
Mo E#8EE WM

+ On the MAC layer,
o 802.11az-2nd generation positioning
o 802.11bb-Light Communications
o 802.11bc-Enhanced Broadcast Service
(¢}

802.11bd-Enhancements for Next Generation V2X

Source: https://grouper.ieee.org/groups/802/11/index.shtml
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. 74
< WBAZ| Enterprise Wi-Fis Sl e W
(Gbit/s)
» Wi-Fi 72 Wi-Fi 6/6E 0|4
« IMT 2020 (SG) Area Traffic Capacity User Experienced
(Mbit/s/m?) 400 Data Rates (Mbit/s)
Network L Spectrum
Efficiency Efficiency
e emicesomy ! benrt
=l 1) WiFi 6/6E
Latency (ms) 5G
Source: Wireless Broadband Alliance
® e JS Lab
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% Wi-Fi 7's impact on mobile

- O H2 0F2I S

Handover from
AP1to AP3 as
UE moves

) Link
oggregation,

plus aggregation

A \ /

speed & latency
((t 1)

m m
Wi-Fi Data links from Wi-Fi
multiple AP run in
AP1 parallel bands - AP2
speed & latency
& resiliency

- 2HHUO| YL WE|Z 20| = H| =L A G 7P 2 HIXF AIROIM Wi-Fig CHHE 7ksd2 72l gict

L £T2 BT 200 U 278 Aol KAo|A Wi-riet 26t )3
20041 210l XML X

SEM 7to| ZAMo| X HH Ho = of &
oz o 4=t

OpenRoaming Players
Ecosystem Brokers Identity Providers

= Infra vendors Al
= Cert. authorities S 9 BTQ
B Microsoft m

wvarizon’

i
ciIsco

aruba

=

Data links handed —r g
over to new AP
with no comms

break - mobility &

resiliency

Network Providers
= Any Wi-Fi network
= Monetization: soft portal,

End-Users/Devices
= Phones, PCs, loT, etc.

o

Wi-Fi = Broad OS support
AP3 business deal with ID provider, etc. j’{
0 i
@ BT 7k

Pt i LE%

Lenovo R insug

Source: Bejarano, Wi-Fi 7 — WHAT IS IT ALL ABOUT?, Whitepaper, Amdocs Networks
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. 7

0

« F2 AT REE20 wi-Fiel I

« 7P80 ERUAE|E M
* AR/VRE 9|t S B

2 o ZE2|Flo] ¥l =
: 55 3HE 4K, HE|SE 1000~2350 Mbps, X|H 10 ms

M Lhe =0 X|H A|ZHD} o 22 X2|2o] Ee

APPLICATION BANDWIDTH MAX E2E LATENCY VR Equivalent | Maximum o
Resolution Resolution recExtv L Siasay
(Mbsp) Latency (ms)
OTT video HD =5 Mbps Not critical for OTT video
Early VR 240p 40
OTT video 4K =25 Mbps Not critical for OTT video
Entry VR 30 sD 100 30 10
4K Gaming =25 Mbps <20ms
VR/AR HD, 360" 100 Mbps <20ms Advanced VR 60 HD 400 20 10
VR/AR 4K, 360° =500 Mbps <20ms 120 4K 1000-2350 10 10
B
Source: Airties Source: Mangiante
: -Report Final-Oct 01-3.pdf
o0 JS Lab




. 71

< Evolution to Deterministic Wi-Fi (Wi-Fi 7)

» The Path to Wireless Determinism

CIx| 2 =YL (AR/VR/MR)
8 28 M8 M|

'g:']o"B:' Exl--l

H= ‘3&-53 CONVENIENCE
xtgl 9l of x| Best Effort

v
v
v
v
v
v
v

Source: Cisco

* Smartphones, tablets, cameras
« TV & entertainment

+ Appliances, home automation
- Wearables & fitness

« Home medical

« Work from home

a0

WIRELESS FIRST
Enterprise — Scale
Mission Critical

= Smartphones, tablets, laptops

= Hospitality & Smart Retail

= Business-critical communications
= Hybrid workplace

= Smart building & campus

= Healthcare

—o

DETERMINISM
High Reliability Bounded
Latency/Jitter

= Digital immersion (AR/VR/MR)
= Critical operations use cases

= Supply chain & warehouses

= Manufacturing & heavy industry
= Natural resources & energy

= Power & utilities

« Automation and robotics

© %

JS Lab
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< |EEE 802.11bf (Wi-Fi sensing)

< T X HAN U, S8 72T, B 2LUEY S

MAC Z2EES Host= ME2 71E2S 71

_Q

- "
Tracking Fall detection

.

wuu semmg

Activity recognition

Gesture control Imaging

Source: https://arxiv.org/pdf/2207.04859.pdf , https://b5g-mints.eu/blog36,

Transmitted
Wi-Fi Signal

CrEst AF2 AlEIOM E247t U F
« IEEE 802.11 Y 1E2 M2 =Y 159! 802.11 bfE 4610 7GHz 0|3} L™ (2.4GHz, 5GHz
% 6GHz CHY) 1} 60GHzE Z &8st BE AHEH CHHO|A wi-Fi ZX|& X|¥st= o 223 PHY U

‘xfm.;-ag

Activity

Recognition A Monitoring

Received z
Wi-Fi I

Signal

|

Presence
Detection B

Channel State |
Information (CS1)
Extraction

Feature Extraction
& Classification

Classification
Result

o0
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40




< SDR 7|=2 8%t 42| 7|7t & 4N 52| HHYZE ADIE MY
- AUk O E MME ALY MA| EE S ZX|SID QM 4= AX| P Wi-Fi Sensing2 AOIEE 4l
7|Ef 24 CIHIO|AE H|HZX WAoo 2 X|2I5tE ADIE Moz MH 232 XSHORE DL E-SD
Hztot AZ EH2 nEYE EXIE X|Y5le O YUst £2M
« 2TEQ0o| ™ol 2M(SDR) 7|&2 AFESI0] A2 7|7t SOt At LM EEE 2L E -S| 2l
HEHZA AODE M4 ESiZS J|LslH, X|5Xo0|1 fHSIH FLH7t 715
o AME E D Fhlp 28 CHESSHOFDM) A2t MESHE 64-2ubSn 2 M &' Mef| HE(wCsh=
Higd 2ng|E2 HE50f CrYs 52 2Rsl= o 28
« MIUst EE| ¥NE|E 2 AIE5I0 99.7%2| H&E 2 A7|, H7|, ©2|7|, +52|7| 5ot H i
gz gz 22
« 20tE HIM2 3219 S42 ZAX| oD H MM 5 HAEY EHE DL EYSHE o7 W HA|

Wi-Fi 78] 320 MHz channel width& 0| 830{ AtRHE 2[0f CHYSHE FH &3, S8, AHEE A%, U4, FHS= S CHE 90 HE 7t5

Source: https://www.mdpi.com/1424-8220/22/4/1348 Non-Contact Smart Sensing of Physical Activities during Quarantine Period Using SDR Technology
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% |EEE 802.11bf (Wi-Fi sensing) E&E%t &32| Et 2}l

* TGbf(Task Group bf)e] F8 g2 2to|MA HH| t§HQl 1GHz~7GHz U 45GHz O] & (mmWave Fit4
CH)oll A2 EHALEl ZEX| ZHE2 28] 22| AIS(PHY)Z} DY YA A Ho{(MAC) 250l A IEEE 802.11
HE(IEEE 802.11 ad/ay/n/ac/ax/be)2| +=82 Holst= 7HE 2 7H'Est= 20|t

Sep. 2020 Apr. 2022 Jan. 2023 f Sep. 2023
1
1

Jul. 2024
11bf PAR approved by NesCom Draft 0.1 of the amendment Recirculation LB (D2.0) Initial SA Ballot (D4.0) Final 802.11 WG and EC approval
1 T

: \ \ \ '
IEEE 802.11bf | L | Kl 1+ [ | ¢ 1 ”
timeline 2020 N 2021 2022 A A ?

' e 2023 \ 2024 i 2025

'y A L i
! Oct. 2020 i | Sep. 2022 - May 2023 i i Sep. 2024 :
{ First TG meeting | L\nmal Letter Ballot (D1.0) i I Recirculation LB (D3.0) } } RevCom and SASB approva\Jl

Source: https://b5g-mints.eu/blog36/
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< |EEE 802.11bk: 320 MHz positioning project to expand the FTM
+ 320MHz ZX|MJS A8%ts HE 7|2 2F, A28 2 84 3 HE ng 4 LAN OiH| M2
Ho{(MAC) & 22| AIZ(PHY) ALY 7HE

The Evolution of Wi-Fi Location-based Services
Each generation enables greater accuracy

4™ Generation
802.11bk FTM
) A
TODAY's DEPLOYMENTS " Censralion
o ; 802.11az FTM
e, .- 2" Generation
! i 802.11mc FTM
11 RSS!
-
. i _ - Standards based
[! 2 — Operation in 320MHz channel
/ — Standards based — Wi-Fil 7/11be waveforms
3 — Standards based — Up to 160MHz channels
FIMAL) s — < 0.1m accuracy
-___________.————-— Standards based — Up to 80MHz channels - 24,5 and 6 GHz
. — 10-15m accuracy _ 24 8&5GHz — < 1m accuracy
Wi-Fi fine time measurement (FTM) protocol — 1-2m accuracy - WFA certification available

= WFA certification available

Source: [EEE SA - P802.11bk, https://www.lumenci.com/ , https://blogs.arubanetworks.com/solutions/wi-fi-location-based-services-how-did-we-get-here,
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< Shield Room (XIH|4) 2} 2t0|x}0| 3| EY (Wi-Fi Heatmap)

O e Tt e

o ol Cish XiH e SO 22| Y& BF5H0] ©HAl 91X =¥ ER

XX | JsLab |
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% Shield Room (XH|4)0| & 10TE T Wi-Fi A& 74 (al)

KOREN
HPC Service

WiFi Router (kt)

(¢

_________________________

x| o

)

a)
‘,))
1)
)
4) g
sees l_“—J;Ia;
45
. i
. Wi-Fi 7 7|3} MH|A
. Wi-Fi 7 28 MH|A 7
IV. NR EEO| &H
V. NR BEZ 7|
VL. NR M€ A|L}E|L
VI 28 7|&
*es JS Lab
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II. WI-FI 7 7| =1} MH|A

< HIZALC] Wi-Fi 72| F£2 PHY 704 AFE (Intel)

* Forward compatible preamble design: U-SIG

» Wider bandwidth: 320 MHz support

Wi-Fi7 vs. Wi-Fi 6 Data Rate Comparison

6000 WBOMHz WI60MHz = 320MHz
* Higher peak rate: 4096-QAM support and 16 spatial
streams 5000
* Enhanced resource allocation: Multiple resource B 4000
units (RUs) allocation 2
Z
Wi-Fié Wi-Fi7 :J 3000
@
Max channel s
e 160 MHz 320 MHz X 2000
Highest
modulation order 1024:QAM dCsc0AM e I II I I I
Max no. of spatial 8 8 0 l I I
S 256()  256(2) 1024()  1024(2)  4096()  4096(2)
Max data rate ~9.6 Gbps ~23 Gbps QAM order (Number of spatial streams)
Resource ;
allocation Shglei Multi-RU \ Wi 7 only
Source: Intel
XXX | JstLab
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=1 MH| A
II. WI-FI 7 7|=1} AH|A
O = =
% Wi-Fi 7 & EEY (based on IEEE P802.11be)
P802.11be project goals* Targeted usages
. idi ~ s
Amendment to 802.1], building on Tax @ % o} Q S :O
= Maximum throughput of at least 30 Gbps : n a
. : D
* Frequency range: 2.4,5,6 GHz E M D & i: =j [ |
; s .
= Improvements to worst-case latency & jitter A =
LE3 s = N
Targettimeline  Juy208  May200 Syears May 2024
EHTSG | PBO2Nbe
Spec. framework document DO.1-D1.O0 | DIO-D2.0 D2.0-D5.0 D5.0-Pub
May 14 mo Sept Nov 7mo May 12mo May 1.5 years Nov /mo May
2019 2020 2020 2021 2022 2023 2024
Source: https://www.ieee802.0rg/11/PARs/P802 11be PAR Detail.pdf
LA X X2 JS Lab
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II. WI-FI 7 7| =1} MH|A

+ F23 6GHz €82 ¢t 7|==¢ H|n

24 Chstal= 02 4
b Fop =4 Fatg %3 Fop4 29
AP 5,925~6,425MHz (236%02;%3
SP* - - 6,525~6,875MHz T - -
i e v
Client (AFCHE) (17dBm/MH2)
P 1,000mW
" 250mwW (5dBm/MHz)
LPI = 5,925~7,125MHz (2dBm/MHz) 5,925~7,125MHz SEO 5,925~6,425MHz 200mW
(-1dBm/MHz)
25mW ) i .
VLP 5,925~6,425MHz (1dBm/MHz2) 5,925~ 6,425MHz 25mwW
(Z[in] 2020.10€ Al 2020.7€ Al 2021.1Q A& ol

Source: AFMICH Wi-Fie| 7H2tat EHtE 23 =0 &, TS| Mo SHAT YRS, SR

XXX | JstLab
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Il. WI-FI 7 7| =1} MH|A

< AFC(Automated Frequency Controller)& 9|2t DB 7|%¢t2| Fals= 2| A AH

Geoa s cal dat; m
Wi i S e
i Spectrum Rules rights Regulator

o : database Current Use
R T Incumbent data

. Operators
Additional data

Source: http://weekly.tta.or.kr/weekly/files/20214807044820 weekly.pdf

®o oo JS Lab
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II. WI-FI 7 7| =1} MH|A

% Multi Link Operations

AP/Mesh Node

4x4 6 GHz Radio

4x4 5 GHz Radio ‘

4x4 2.4 GHz Radio

Triband Concurrent

Source: Onsemi

2x2 5 & 8 GHz Radio

2x2 2.4 GHz Radio
Client

AP/Mesh Node
4x4 6 GHz Radio
4x4 5 GHz Radio

4x4 2.4 GHz Radio

Triband Concurrent

®*e o0 JS Lab
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af MH|A
II. WI-FI 7 7|=1} AH|A
o ) o o . .
< QAMZE signal space(tlZ 37h 1t SEL2HHS AR5l constellation(#4d, EXl2]) EH
16-QAM2] constellation (0il)
=9
Amp| 2 2 9y HolE
Amp Phase Data —t
1011 1001 0010 0011 25w, 225¢ 1100 P - g
214
Fhase® - W T T T T
1010 ﬁ) oot | L T S T T
K 25% 50% 75% LR B
1101 1100 o100 0110 )
111 1110 D10t o111 L L
450 . 1350 2250 3150 s 34,0, Bt Cometinin o 4 G0 Modrition
: 64-QAM (Wi-Fi 4) 1024-QAM (Wi-Fi 6) 4096-QAM (Wi-Fi 7)
Y
Phase 256-QAM (Wi-Fi 5)
: + BPSK (Binary Phase Shift Keying)
00 H 01 10 11 + Quadrature Phase Shift Keying, QPSK)
*  T/4-QPSK (45°)
Source: https://namu.wiki/w/%EB%B3%80%EC%A1%B0(%ED%86%B5%EC%8B%A0
®*e o0 JS Lab
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II. WI-FI 7 7| =1} MH|A

% Waveforms and Mixed-Numerology

% OFDM lS9o| AHER

1
FDM
B 05
Individual Channels '2 ’
N N . EL
,‘/ \ / “\ \\'! /N. “\ / < 0
O [ (| S (S .
Freaacy 1 2 3 456 7 8
OFDM ; (a) Subcarrier Index
Channel 0 Channel 1 Channel 2
A A A [}
r 5 s S 05
Overlapping Sub-Canriers =
:-' AN ,‘f \ / AN ;/ AYA r_" \/ \.;” \‘.‘ ANAN E ===
(SIS YRR 2| 5[0 AR || SR B B[
Frequency Ll 05
1 2 3 4 5 6 7 8
(b) Subcarrier Index
® e JS Lab
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Il. WI-FI 7 7| =1} MH|A

% Wi-Fi 7's key feature set

+ Multi-link aggregation (Ct5 3 #A)

+ Bigger channels (4 2 #'2)

+ Multi-band congestion avoidance (CtZ Y =& /o))

+ Multi-AP data transfer (C& AP GIO|E| &)

* Multi-AP mobility (C+& AP 0|574)

« Roaming compatibility (2% S %H4d)

+ Enhanced sensing (B4 & ZX| 7|5)

* Restricted Targeted Wait Time (rTWT)  wi-fi 7 Process in IEEE

(BE Of2] AIZt HI$h
1 1 ! . amendment
[asmoa]] ] (oafos] [oanio]  [ownzo] [onnsc][oukso]
[
11| ©oss O TGbe
1
T 1
RTATIG
November September May March November J., May
T T :
| | [ LT 1
2018 2019 2020 2021 2022 2023 | 2024
Source: Bejarano, Wi-Fi 7 — WHAT IS IT ALL ABOUT?, Whitepaper, Amdocs Networks
|  JsLab
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Il. WI-FI 7 7|1} MH|A

% Wi-Fi 72| 29 =8

- 20LE 90{3t2 20 M 802.11ax (Wi-Fi 6)
719 % 2YS T A| A OfF[H A, Controller

20l 2 HHXHF(AGV: Automated Guided Vehicle)

Source: Distributed Multi-Agent Deep Q-Learning for Fast Roaming in IEEE 802.11ax Wi-Fi Systems, Institute of Artificial Intelligence innovation, Industry Academia Innovation School
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Il. WI-FI 7 7|1} MH|A

o Wi-Ei of

40 MHz Channel Bandwidth

Wi-Fi 5/6(6E) (802.11ac/ax)
160 MHz Channel Bandwidth

Wi-Fi 7 (802.11be)

IEEE 802.11bk: 320 MHz positioning project 320 MHz Channel Bandwidth

320 MHz channel width Wi-Fi Sensing

Source: Onsemi

®e 0 JS Lab
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Il. WI-FI 7 7| =2} AH|A i

Sourc

% RU & MRU of 320 MHz OFDMA PPDU

« MRU(CES 2lAA SYl)= Wi-Fi 60| 2 & £ CI2 7|52 X a Foj4 28 C=
O | A(OFDMA)E 7|82 2 8= Wi-Fi 72| MZ8 7|5

- OFDMAE FIh+ UolM SYHo = MxeE Nu7|2|0fE 4Hsto] olzf S2to|dsst SA0 Had
+ glooz Xe|Ye F7H5n K¢ AlZke FO{ECH,

+« MRUE 24HE 7Hd 2131 9! OFDMA S 2848 H 3510 CHE AM8Xt X[ A|ZHS 25% O &Y = QUL

106+ 2-tone MRU 1 &

106-tone
s
106-26—lone | EE
MRUs :
d )

e: Onsemi

XXX | JstLab
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Il. Wi-Fi 7 7|1 MH|A
. Wi-Fi 7 & MH[A 7|&
IV. NR EE9| X

V. NREZE 7|&

VI. NR & A|L}E|2

VI. 8 7=

@® & O O james@jslab.kr JS Lab
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IIl. WI-FI1 7 S8 AMH|A 7w

< X4 (shield room)

- OISO|L} 7 A| YEts HEEHPAE BM o

;“ = e R ow (o Cwtue fnohoe Jatwics b
E||O|E'in._f Hx:l?fc’ EMAde N @ x%8BeeseT e EE aaan EnE X

179 Gytes on wire, 120 Gyier captured)
der w0, Length 32

frame (9:08)
080 (Normal

co rumber: 3436
d rect)

hack sequ st
11 wireless Lan management frise

o0 JS Lab
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IIl. WI-FI1 7 S8 AMH|A 7w

< K| (of) o T ELY)

# MAC Address  RSSI Chan Width 802.11 Max Rate WEP WPA WPA2 WPS  Vendor Mgt
g 3 36ed0eddeds 80

3 3,

THil’d Door Lock2 Opent| 22
&% wojate ofs Fuks 2|

I X X JS Lab
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. WI-FI1 7 S8 A{H|A 7

< ML 2IX] =X (Indoor Positioning)

30 25 20 15 10 5 0 -5
[m]

Source: https://www.mdpi.com/1424-8220/21/21/7020
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IIl. WI-FI1 7 S8 AMH|A 7w

< Wi-Fi dlde| oj2je] =7 x|

7|E wi-Fi 44

B Wi-Fi M4
CHE E90 HE8 £+ ALk

FE AL =3

(=]
=
o
=

M 4
rE
riok
oY
0
1o
_>'-_
Mo
njo
oy
Ral
0
>
ek
ox
Ot
rir
ojn

7| & Wi-Fi 2% 7|=2| F8 0tH|= o33t o)

v A1 (Robustness): Wi-Fi A== WEYI E7H, 2t AHE, AR XY
o5 o2 50 FH2 LI #F22 Wi-Fi ZA|7F CHASH HA|
SN M HADEAH ZSsHe Z40| 1R SQ38t0 of L},

vIiol e 535 gl "ok wi-fi Malo| & F ofLte 5| & Y0l
o]

ST S © (=N=
Yo7t x| A| f=Ch= AQUH|, 0|2 Qlsh B2 7Y EE 25 & 2ot
SH 7 g & 9l

[ Ml:l'.

ULt

JS Lab




IIl. WI-FI 7 28 A{H|A 7§

% MZH-FTH4 CHO|OJ 1% CNN WAIS A3 WilFi 7|8 217t 25

« X'2 HEf HE(CSHE AHESIH HEFRM UEY(CNN)E &&
« Wi-Fi 7|5t Yot ZX| A28
- A2 0| A, Z2 HALICIE TA0 WF HEEE 747 93.2%2} 90.3%

Hu
:
nZ

Multiple Value ‘F!ﬂ";'%é 29| Bae oy Falol waiat 2
@aa|Fo|ct
Single Value R s EREV T (o
RSSI 418 MSZEXE =orlM e
<E -
» KJg »
o F5E -
> ul—gi Ll
2.4GH > > iy >
AGHz ™| s/P FFT
RSSI / > >
» e
Receiver > >
RF Band sl

N-1
. Xp=Y zpe®™m/N  pog, . N-1,
Baseband ﬁg Pk * >~ 3
RSSI {Received Signal Strength Indicator), CSl(channel state information) R‘“o

Source: https://www.mdpi.com/1424-8220/21/11/3797?fbclid=IwAR1jQSnWhrkvVKeaO4_xs9D1vPVAQmauDIRjtj9ScAhYsvWAexFNIYQnYhU
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IIl. WI-FI1 7 S8 AMH|A 7w

< Experimental Setup 7H2 (0f])

- TE 2 EE LR E gzt M AH
+ 25~35A] AtO|2o| g 4HIp25M|0| A 354 Atoe] MM X, 7|, FFAI7L CHE 4HQ| Hdat 1He| o
« HIAlE SHIE XtAjQt R E XN 252 Y

1) USRP Tx
2) USRP Rx

~ 4
.3

e e Pes a ~

el A ’h

g : . !

9) Lab door

Figure 6. Expert prescribed posture: (a) wrong posture and (b) correct posture.
Sr.No Subject Body structure Height (cm) Weight (Kg)
1 Male Ectomorph 168 55
2 Male Endomorph 180 95
3 Female Mesomorph 168 60
4 Male Mesomorph 174 76
5 Male Ectomorph 176 60

Source: https://www.mdpi.com/2076-3417/10/14/4886 , Non-Contact Sensing Testbed for Post-Surgery Monitoring by Exploiting Artificial-Intelligence
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IIl. WI-FI1 7 S8 AMH|A 7w

< Experimental A|L}2|2 Setup (O]

.

HAIE SHHE XtMi2t RRE XM BES $USEE Bt
SHIE XpMit HRE Xty YOI 2nY BE 2
A7IAHs SHIE XpMl2t REE XY
FHE )2 2748 Mg == BE2 AR Y4 BXo| YA
DE MIXRE SHN Fua M AHAL
Sof ¥hAL, A B|H, 1R S A
A% g8l Hlo| 22t o|XtE0] S, 2fX,
ol HIHE HEY| s O HE a1E 12

o
0

- 29
A

IAI

=2
=

Source: https://www.mdpi.com/2076-3417/10/14/4886 , Non-Contact Sensing Testbed for Post-Surgery Monitoring by Exploiting Artificial-Intelligence

AHQ UMM £ 7hx| @SS BE

25~35M| Afo|2| Hd 4Fat25MI0l M 354 Atole] AH| =, 7|, FFAI7F CHE 42| Bt 182

X HIC|RE AL BIIXIE 0

g #
2ES 25 S, Z HE2 O3 22 SHE 108 U5

foff 32 A3 & HFE, D21 AtE0] B2 #E8 43

®*o 0
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IIl. WI-FI1 7 S8 AMH|A 7w

< Experimental Setup (01))

- 64 A5 712|012 ALS P SHLE ¥SO| Hit
- 64 A5 70202 A8 HRE ¥So| Ait
- SHIZ BEW BRE ¥50| HlI

Magnitude
Magnitude

15 2 5
Number of OF DM frames 104

Source: https://www.mdpi.com/2076-3417/10/14/4886 , Non-Contact Sensing Testbed for Post-Surgery Monitoring by Exploiting Artificial-Intelligence

1 2 2
Number of OFDM frames

o0
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o9 A TlHF
ll. WI-FI 7 S & AH|Z 7153
<+ QE St 0] AHZ(0ll): Hardware parameters for Non-contact sensing testbed architecture
Testbed USRP B210
Antenna Omni-directional
Device Frequency Range 70 MHz-6 GHz
Channel Mapping Rx 1
Channel Mapping Tx 1
Center Frequency 5.32 GHz
Clock Source & PPS Source Internal
Master Clock Rate 200 MHz
Interpolation Factor 250
Enable Burst mode False
Transport data type intlée
Decimation Factor 250
Output data type Same as transport data type
Transmitter serial number 30AD2FE
Receiver serial number 30AD311
Transmitter Gain 70
Receiver Gain 50
Samples per frames 80
Source: https://www.mdpi.com/2076-3417/10/14/4886 , Non-Contact Sensing Testbed for Post-Surgery Monitoring by Exploiting Artificial-Intelligence
® o0 JS Lab
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o9 A TlHF
ll. WI-FI 7 S& AH|Z 713
< A|Z2{|0|E| AFE(0f]): Simulink model / Software parameters
Parameter Values/Type
Y SDRu Input Bits 104
Y | data Targxfjnzm':lgr underrun Bits per Sy-mbnls M) 2
Underrun Modulation type QPSK
OFDM subcarriers 64
OFDM Transmitter Block USRP Transmitter Dits Sibeareies 5
[r— Null subcarriers 11
v DC 1
data Used subcarriers 52
SDRu NFFT 64
Y« length gg:gi;ﬂ Cyclic prefix NFFT - Data subcarriers
Sampling Frequency 80,000
overrun
- Samples per frames 80
OFDM Receiver Block Overm USRP Receiver
Source: https://www.mdpi.com/2076-3417/10/14/4886 , Non-Contact Sensing Testbed for Post-Surgery Monitoring by Exploiting Artificial-Intelligence
®e O JS Lab
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IIl. WI-FI1 7 S8 AMH|A 7w

< Non-contact smart sensing system overview.

/" Transmiter PG\ Wireless Channel e il
e /" OFDM Demodulator /" Preprocessing
o~ A E) Classification ™\
Manoing ™ Rx T J'
/ OFDM Modulator™ USRPHTX ™ USRP#RX Framo stehss ot R
Conversion ¢
Spiit data LNA 1 Grouping Walking
Concatenate ¢ B -
In a vector Mier F. Features \ Ruwing
LPF Remove CP Time Domain Bending
' t n
ADC Frame Synchronize ol Fal
DDC. Gain |

2al7|

=917|

Eo{x|7|

Source: https://www.mdpi.com/1424-8220/22/4/1348 Non-Contact Smart Sensing of Physical Activities during Quarantine Period Using SDR Technology
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S8 MH[A JHE

(G | )]

S
-~ *.

line-ofsightpath____..--===""

g3o 03 32 =it

.
"'

Al
. 4 —
0“

Source: Bejarano, Oscar. Wireless: A Total Beginner's Guide to Modern Wireless Communication Technologies (p. 183). Bitflip Media. Kindle Edition.
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IIl. WI-FI1 7 S8 AMH|A 7w

¢ AZh-Fab CHO[O 17 CNN E4S ALESE Wi-Fi 7|2 A7t #E B/ AI2H™
a) An environment with different paths modulated in the WiFi signals;

b) average RSSI;
c) CSI for 30 sub-carriers.

Path 2: Reflected _ .~
by object . =~ %
y object.~

Path 1: LOS path

st

Line-Of-Sight Prk. e

. Path 3: Reflected
. byobject ,.-*"

-“*’w&'\(w,-ﬂ,m;*-.@‘m‘,w* |

K Tima in'seconds
= (®) (©
. . . . . . Received Signal Strength Indicator Channel State Information
RSSI {Received Signal Strength Indicator), CSI(Channel State Information), LOS (Line-Of-Sight)
Source: https://www.mdpi.com/1424-8220/21/11/3797?fbclid=IwAR1jQSnWhrkvVKeaO4_xs9D1vPVAQmauDIRjtj9ScAhYsvWAexFNIYQnYhU
XX |  JsLab
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I1l. WI-FI 7 8& MH|A i
3 o o — =
% Channel State Information (CSI)
a) An environment with different paths modulated in the WiFi signals;
b) average RSSI;
c) CSI for 30 sub-carriers.
ceiling
RSSI {Received Signal Strength Indicator), CSl(channel state information)
Source: https://www.mdpi.com/1424-8220/21/11/3797?fbclid=IwAR1jQSnWhrkvWKeaO4 xs9D1vPVAQmauDIRjtj9ScAhYsvWAexFNIYQnYhU
*e 0 JS Lab
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IIl. WI-FI1 7 S8 AMH|A 7w

< Wi-Fi Routers Used to Detect Human Locations, Poses Within a Room

Source: https://www.tomshardware.com/news/wi-fi-routers-used-to-detect-human-locations-poses-within-a-room

®*o 0
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IIl. WI-FI1 7 S8 AMH|A 7w

< Experimental setup (0l): collecting WCSI data using SDR technology.

oS

@ 1) Transmitter Antenna

2) Transmitter USRP
3) Shower

4) Toilet

5) Bathroom

6) Door
7) Subject
8)TV
9) Cupboard

10) sofa

11) Experiment PCs

12) Receiver Antenna
13) Receiver USRP
14) Bed

15) Wireless signal

e

Source: https://www.mdpi.com/1424-8220/22/4/1348 Non-Contact Smart Sensing of Physical Activities during Quarantine Period Using SDR Technology

Wireless channel state information (WCSI)
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IIl. WI-FI1 7 S8 AMH|A 7w

o FM X0 MAY AKX} TS HAHC =2 A7 F=H (The Time-of-Arrival Offset

Estimation in Neural Network Atomic Denoising in Wireless Location:

- WiFig 7|#He 2 st dLUf 59

- MY YEf HE(CSHE £ ME ZE EAZ|(RSS)O] vIs] R MO} BEE o A =%
- e sl 7|8 2 E fsiME U Y E, 2HY, HE §8 18

- MFYL XY 7HEX| BH UHUES A0 AFH| k0| =E HAHstD UF WY (CS)E AHE310] X2
YEL SH(CR)E FESH= M22 AH ‘T%Ei%! Ea

- O3 HME SOl 1FE E3 MINTOA)E

- SYU LEY LNFE A8 EX AI?_* XtO|(TDOA) 7|&E 7|22 th ¥ ClHIo| A8 &=Lt

« WiFi 59| HIAEH Z0|M +Fet HO[HE AtE

« X E SIXIFEE LAof S APH B A7 EREHX| GOL HHE A28 750] 7t

F

Source: https://www.mdpi.com/1424-8220/22/14/5364 , The Time-of-Arrival Offset Estimation in Neural Network Atomic Denoising in Wireless Location
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IIl. WI-FI1 7 S8 AMH|A 7w

% Convolutional neural network ‘CNN’(GoogLeNet) 22 A3t 4THA| A|AH] Of7|EHK

a) Stage Two: Denoising
b) Stage Three: Short-Time Fourier Transform;
c) Stage Four: GooglLeNet.

. Channel State CSl denoised Time—frequency CNN
= . ] Information analysis (GooglLeNet)
' woo | ‘
‘ Online .
> » Training
* ' dataset Discrete Short-time
Testing place
wavelet Fourier
Our denoising transform _
H > >  Testing
' . l dataset

RSSI {Received Signal Strength Indicator), CSl(channel state information) GoogLeNet: IE 32| depth®} widthE S2|HME LHE X O 2 inception 2ES B3 computational efficiencyS 228t @&

Source: https://www.mdpi.com/1424-8220/21/11/3797?fbclid=IwAR1jQSnWhrkvWKeaO4 xs9D1vPVAQmauDIRjtj9ScAhYsvWAexFNIYQnYhU
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< XHHH 0|8 7HE 23 (o)

A"

®*o 0
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l.

1.
Il.
IV.
V.
VI.
VIL.

0 . L 3 james@jslab.kr

e

Wi-Fi 7 7| =3} MH|A
Wi-Fi 7 &8 AMH[A 7
NR EFo| &H

NR BEE 7|=

NR & AlLtZ|2

28 /=
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. 7|E} . ITU

Primary standards body,

United Nations agency focused

composed of 7 organizational on information and

partners telecommunications

Specifications for virtualization - y
IEEE, Linux Foundation m LINUX
using IP protocols FOUNDATION |

XX |  JsLab
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MIMO (Multiple Input Multiple Output) 20tE QHH|LES AF83SH0] 2 & (Beamforming)S ¢!
Source: https://radio-waves.orange.com/en/radio-networks-and-antennas/5g
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IV. NR E&2Q| &H

'+

5G NR 7|&

.

* OFDM (Orthogonal frequency-division multiplexing)
+ Self-contained slot based framework
» Channel Coding

« MU-MIMO
+ mmWave
EPYIHS 3 OFDM 2| AT S Iyt HEHg 2 R CHEYSY 2upY
QA1 OlE{mjO]| A o El e |o|&nt
/
e — —
70kt E | ME-LDPC & CA-Polar | 214 waol Uy 24

OFDM Numeraiogy

multi-user MIMO

Source: https://m.post.naver.com/viewer/postView.nhn?volumeNo=11764280&memberNo=20717909
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< QAM? signal space(tl= 37H 7f'dat SAHHUE A

16-QAM2] constellation (Gil)

Ll
Amp| 2 & 20y ol
Amp Phase Data
1011 5% 225° 1100 I B
T WL T
010 | i T A
[
\ ol S TR e S
\
1101 1100 0100 0110 LA A L
GO e e e
1111 1110 D10t DLt bR R
i 267,41 Bgna Conmeition o 64.Q40 Mdetion

64-QAM 1024-QAM 4096-QAM

Y

Phase

: ! BPSK (Binary Phase Shift Keying)
00 H 01 : 10 : 11 + Quadrature Phase Shift Keying, QPSK)
+  T/4-QPSK (45°)

Source: https://namu.wiki/w/%EB%B3%80%EC%A1%B0(%ED%86%B5%EC%8B%A0
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IV. NR E&Eo| & H

% Waveforms and Mixed-Numerology

% OFDM AlZ9| AHE

FDM
Individual Channels
.2 P
AR R / N/ \ /
/ / \ \ [ \
f \ \
() (S (O () (S
Froquency
OFDM
Channel 0 Channel 1 Channel 2
A A A
ovenappnngSub»Canm; .
[N AR |
000006V X X /
RTRTATATAY | / ‘ \
,mrmmu% £
Frequency Ll

Amplitude
=
o [4,]

0.5"

Amplitude

2 3 45 6 7 8
Subcarrier Index

2 3 45 6 7 8

(b) Subcarrier Index
® e JS Lab
83
"0 HF
IV. NR EFo| &H
<+ YEY (What is 5G beamforming?)
- "2| 21 A X[ 0] (Beam steering): $AMHZIE $AX 2HE KT M MSE S4
Main Lobe
Main Lobe
Side Ohs;.acle Obs;acle
Lobe Side
Lobe Obstacle Obstacle
2 4
Antenna Antenna

Antenna

Antenna

Two Radiating
Elements

One Radiating
Element

Four Radiating
Elements

Four Radiating Elements at a
common frequency with 45° the
other with -45° phase shift
supporting MIMO for increasing
SNR and channel capacity

JS Lab




s T < HFEX
£ H|™ MuE=
3GPP | I_O'I _r — ﬂl_ E = Rel-13 Rel-14 Rel-15 Rel-16 Rel-17 Rel-18
LTE-LAA LTE-LAA LTE-LAA ‘}}—; A Study on standardization
HBYIES YPYAES HE 2EW lte trends of cellular system in
unlicensed band, Hoiyoon Jung,
Jungsun Um, ETRI
= NR 7| HeU§ T A0lEYA
& NR-UEZ HUHER U EHES
= MulTEfire AllianceOi| | 7H'& ot HE| }0|0f = HIHE
CHO|M LTEQ| & CHE HE o2, ASME LTES| YUY . "
HH o2 H|ote| ALt & MuilteFire 1.0/1.1 5G MulteFire
co LTE standalone operation (non 3GPP) 5G standalone operation (non 3GPP).
= O] A2 H|HS| AHEZ O 7| & 3l RUB 72|02 S®
A3l 2 S SAETHLTES HIZ & 5 Q= zZo
7I21E HMS2tct
- H|Ef6LE|L@,}?|LA1_|;E%EE§ 5*3%" OLOIEIM =l ‘:e‘;::l—lme Uplink I‘-IRT-Vl:lﬂ flavors: Anchored (Based in
iﬁf P;Iw‘-E";_ﬂ 5‘_5}6" 1?!5 5}17"| é A“%xérr_ﬂl_lig 1|°4=_.;;l1$-| %t AR eLAA transmission LAAJeLAA) and standalone Sub
< 2HER™ B0 o|E s = 4 - Signaling 7GHz
ALHRtOl| 2J8f H S E|ALH e + Supplemental Ul effciency . U-Nilbands
(0] D‘nwn\mk + Dual connectivity - CoMP
“ 5 '-“"“HEI'A"’;.:"‘A + LAA Downlink
Priority (CAP) ¥
* Sub6GHz
= LTE-Unlicensed, LTE-U + Licensedsignaling Release 17+
channels Release 16
. . C ]
= License Assisted Access (LAA) =y = Release 15
]
= enhanced-Licensed Assisted Access (eLAA) Release 13
* Further Enhanced LAA (feLAA). S\ =
Source: https://www.mdpi.com/2079-9292/9/10/1701
*e 0 JS Lab
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IV. NR i

T>xo0 I
Ho

e

| B

"

Sast HEE
LTE 71717} &7

7H210f o2 A0l 71&

LTE-LAA(Licensed Assisted Access)

57t Y HojE 2
@] Tt i

£ S5V A 7=

Primary Carrier
Licensed Spectrum

£ A3t BRA| £7b59l H0| 75
Fab 9|0 5GHz LI} 22 H|HS Fa4o| WEY = YEE ot 70|,
O|F S5 CO|E| £E0 8BS £ + US B O[LIZ} 27} B2 X/0| HH2IX|F M
22 A8 210, of2| 74e] LTE 7H2oi2 Z
-3 EMALE HSE W2 AHES ABSD CHE BAAE
- 3] Fa5o| ATt A, o

o

[

8t bl

B310] o W =2 My

HE|2 uX| UL AHEHS AR

8 Fil4o| Hg B8HY SAMORLE = J1X| BY

Secondary Carrier
Unlicensed Spectrum

[\ [

O"ﬂ'

LTE-LAA 7| &2 HIHSTHA S
AH83H= WiFi k2] 3Z0| 2
oo, WiFi 2 HIZE LA oA
EFES0| FHojstlen, & 27

7|1E WiFi EP%‘ 1S LTE-LAA Bt 1 7H=2

ez

LTE-LAA £ 7|& BI&{0f 9 7420 &
0|83t 7|X| 51t EHol S4l HZHO|
O|20{T HE{OA FI}Xo=
HIH3{C Y FH2|0f & FH2|of HY
(Carrier Aggregation)st0{ =70l

& b4 )Y A8

IHSRAS W, LI X| WiFi EFERojl Cis Aod O Es 2Ysls Yooz e
A B EO| HOE/X| gk AS 2 EESH Y [ ]
Source: Dahlman, Erik; Parkvall, Stefan; Skold, Johan. 5G NR (p. 105). Elsevier Science. Kindle Edition.
o0 JS Lab
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IV. NR E&E0o| &H

g BE@D) Y 2H SYY(QEE

H|215] AHEZ0|AMO| NR, 2H0] WA

0:.
LAA scenario Stand-alone unlicensed scenario
Licensed carrier Unlicensed carrier Unlicensed carrier
(mobility, ...) (user data) (mobility, user data, ...)
i) (i) D]
\ NR-U EES B15{049 742 0f 9t \
LTE-LAA Ol M= HS{HY Z X 0o 2(Standalone) 2 2 At
7h2]0f7} 2Lof BB CHe H&of e % QICHs 240 34| cr2ct
st HARQ(Hybrid Automatic Repeat -
- request) HES BTl B + NR-U EZ 3t 370 A WiFi 219
A4S ZEY 0|79t LTE-LAA 2t
NS BE Ol s A3}7| 28
<~ LTE —————— g/ siuz4=x aaeius bas
- LTE-LAA EES $8
- NR -
Source: Dahlman, Erik; Parkvall, Stefan; Skold, Johan. 5G NR (p. 105). Elsevier Science. Kindle Edition.
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IV. NR EE2| &H

% From LTE-U/LAA to NR-U

Vision: High-performance OO iy
cellular in unlicensed spectrum NR-U a0l NR use cases
. e O} O) .
Inroduce uy wi Rek-16 Rek1
Standalone 3 . C—e
16 NW MulteFire @ —'. 3
private Introduce Discuss 1DEMO Aliance Spec
Synchronized NR-U @ ®
Inroduce 1% DEMO
.—.* ( ) ()
Study 1% DEMO WI Tnals Rek13 ::oﬂy LAA essential
to Gigabit LTE
4 32 0 ™ Rel-
Add-on boost LTE-U @ ® [&] ® 0) ) zg—ii‘&|ifa(|)1lt=%{Rcila]8
e ~ e i) =
Forum 1% DEMO Spec Trials Commercial - =&
) A=A EES}
L

Introduce

2018 | 2019 | 2020

| 2015 | 2016 | 2017 |

Continuous research, industry first over-the-air LAA, eLAA, MulteFire demos, co-existence with Wi-Fi

tps://www.qualcomm.com/content/dam/qcomm-martech/dm-assets/documents/how nr-u can transform what 5g can do for you 0.pdf
JS Lab

Source: ht
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» =2, BE YL BN MY 2 0L

PCCH BCCH CCCH DTCH DCCH CCCH DTCH DCCH

Logical - SR i

channels
Paging Control Channel (PCCH)
Broadcast Control Channel (BCCH),
Random-Access Channel (RACH) g;::?l: e
Common Control Channel (CCCH) UL-SCH RACH
Dedicated Control Channel (DCCH)
Dedicated Traffic Channel (DTCH)
Broadcast Channel (BCH) ucl
Paging Channel (PCH) .
The Downlink Shared Channel (DL-SCH) Physical .o e e s eseieeaseasied ﬂ ....... =
Uplink Shared Ch | (UL-SCH channels

plink Shared Channel ( ) PBCH PDSCH  PDCCH PUSCH PUCCH  PRACH

Discontinuous Reception (DRX)

PBCH Physical Broadcast Channel
PRACH Physical Random-Access Channel
PDCCH Physical Downlink Control Channel P H
PDSCH Physical Downlink Shared Channel Downlink Up[mk
PUCCH Physical Uplink Control Channel

PUSCH Physical Uplink Shared Channel

Physical Sidelink Control Channel (PSCCH)

Source: Dahlman, Erik; Parkvall, Stefan; Skold, Johan. 5G NR (p. 185). Elsevier Science. Kindle Edition.
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IV. NR E&E9o| & H

< 7GHz 0|22 H|HS UNII CHYO|M CHYst 7|12 29

a. IEEE 802.11n/ac
b. IEEE 802.11ax

c. LTE-LAA E)(emfllfled by fELAAl . + PDCCH Physical Downlink Control Channel

d. NR-U M T & 10| (without discovery transmision) * PDSCH Physical Downlink Shared Channel
: : i . sical Uplink Control Channe

e. NR-U M Z2|Y & AIE (with dlSCOVery frame transmision) + PUSCH Ph)):silcal U;F))Iilnk Shared Channel

| NR- I I NR-U I .
CAT4-LBT Y CAT2-LBT time

- e L™

\
=]
=
-

EDCA | Lln/ac I EDCA - CAT4-LBT

CAT2-LBT
CAT2-LBT
PUCCH

1}
2}
=

PDSCH

TI\UP

TT.\‘(JI‘

(a) (b) (c)

Discovery Burst (DB): PDSCHE AH| Z &8ss 23 PDCCHO| £HS DB2tD $HCh DBE X|& A|ZH0| B D ¥I= 7t Wt
Source: https://arxiv.org/pdf/2012.10937.pdf?fbclid=IwAR238I3GNVgyowKn30r61UH7)zFbp8jCOWqdvR hURWNQFQGrLI2QhgMnBY , G New Radio Unlicensed: Challenges and Evaluation
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IV. NR #F2

o

HEX

* NR-U

* LAA

» LTE-U

» MulteFire

& H|HS AW E240|A NR-U2} CESH LTE HEO| H|

[ [[ NR-U LAA | LTE-U | MulteFire
carrier aggregation, dual connec-
Deployment scenario tivity (NR-NR, LTE-NR), stan- | carrier aggregation | carrier aggregation | standalone
dalone, DL-UL
Operational bands 2.4, 3.5, 5, 6, 37, 60 GHz 5 GHz 5 GHz 5 GHz
ek . FDD, semi-static TDD, dy- | FDD (LAA), semi- .
Duplexing mode namic TDD static TDD (eLAA) FDD semi-static TDD
Channel access scheme LBT LBT duty-cycle LBT
Type of carrier sense omni/dir omni - omni
T e || ime, frequency (channel and | time, frequency time, frequency
Dimensions for carrier sense bandwidth part), space (channel) (channel)

Scheduling dimensions

time, frequency, space

time, frequency

time, frequency

time, frequency

Processing delays (described
in Section X)

I slot: 1, 0.5, 0.25, 0.125 ms
(numerology-dependent)

1 subframe: 1 ms

1 subframe: 1 ms

1 subframe: 1 ms

Time-domain resource allo-

cation granularity

I OFDM symbol: 0.066, 0.033,
0.017, 0.008 ms

I subframe: 1 ms

I subframe: 1 ms

I subframe:1 ms

Frequency-domain  resource

I Resource Block (RB): 180,
260, 720, 1440 kHz (numerology-

I RB: 180 kHz

1 RB: 180 kHz

I RB: 180 kHz

allocation granularity

dependent)

Source: https://www.researchgate.net/publication/336786850_New_Radio_Beam-Based_Access_to_Unlicensed_Spectrum_Design_Challenges_and_Solutions

®*o 0

JS Lab

91

*,

% 5G NR EZ3} (Rel. 16) - 2}0| M A X U H|HF

<1GHz
Low-bands (sub-1)

1-7 GHz
Mid-bands (sub-7)

24+ GHz
High-bands (nmWave)

Unlicensed
Spectrum
Bands in
3GPP

Available now

Under study / review

Austraha

Source: https://www.qualcomm.com/content/dam/qcomm-martech/dm-assets/documents/how nr-u can transform what 5g can do for you 0.pdf
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Maximum RF Maximum CA

5G Frequency Ranges ) )
Channel Bandwidth Channel Bandwidth

FR1 410 MHZ - 7125 MHz 100 MHz 400 MHz
FR2-1 24250 MHz - 52600 MHz 400 MHz 800 MHZ
FR1 + FR2-1 - 410 MHz to 52600 MHz n/a 1200 MHz
FR2-2 52600 MHz - 71000 MHz 400 MHz 1200 MHz
FR2-2 52600 MHz - 71000 MHz (optional) 2000 MHz N/A

Carrier Aggregation (CA)
Source: User Equipment (UE) radio transmission and reception 3GPP TS 38.101-2

o0 JS Lab
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IV. NR E&E9o| & H

G AMEO| T2Y AU
Mg 98/%0l A =D et

o

New 5G band

Licensed
= Unlicensed/shared

5
0 34-37GH: 24.25-295GHz

— = Existing band
Source: https://www.qualcomm.com/content/dam/qcomm-martech/dm-assets/documents/messaging presentation - 4g 5g spectrums - december 2020.pdf
XX | Jstab
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IV. NR E&E0o| &H

< 2.4Ghz, 5Ghz, 6Ghz X 60Ghz H|H#| T 7+ H|@ [ = T

Tl i S (w7 GIT g Rt men W
Avaisbiy | Wt [orope sl e USA | Worklwide.
Regulstory roquiremment | The _mavimam daia rate, | Indooronly e, | DFS, AFC, TRC, and indoor | Short-range
maliple  access  method, | mavimorn in-band | coverage [i1] sommunic
ps|fels] (presd  apectrum wotpun power, in-band Equnlem Totropec.
Onhogonal _Frequency- | power spectnal demsity, Radisted Powsr (EIRP).

2.4GHz 5GHz / 6GHz 60GHz oA, g et | e emtmiont e ey
e e B e,
B4

e g s oot
. Oj9 EE :m':mm avoidence paim [4142]
« OI0|Ef £ & A3} . we #H2|R|(2.4GHz 1 i) - IR=2ESY B e T :.T"":l;:.,, e R e
- ZHdo EIjﬂfﬂ 3 [0 Ell;kﬂ HE g A2 A4 ?FEF ==l el o el il
* 5GHz E£ 6GHzEL o . A e -
re| At A A 2.4GHzEC} ZHdof = 2|3t AN e e "0 o e
e TGIT Relowmes Release 16 (3 NR-U) = iz Retoase 16 (36 NR-UY
3 ATEV), Rebemc 13
(LAA), nd Releme 16
saNRL)
A T oI O] I W |9 OV ooy oot
1200 M ) [21.22) 14 Gz (the USA)

2.4GHz 60GHz Tt | T ST Rt SN | 3 ATt 7 Gtz (1]

Sonsble coverags
St e ;:
+ 5GHzet 22| LTE- ‘Arterins patern

LAAS| {2 A A Constraints v“:mm;\'-:-lﬂmlmhdu(dx.‘lh i e
- 24cHamrcizam  padAE L e o - =T
ZHdo] 33 o8| §‘7~|;} Herd inerfrece Lo prooe s an it 24 Gl 4] | + B .
amogsse  dsaeesoows,  Asod@tean S RSN e R
. = = (0f: z TS BT iy or & Gile _
s 35 o £ 48T 4 9, HAGWRBMAN . Gacosas [T e P e P T P
C HESMesAd 0 WRECIEEES021T s mpsrgn 742 e | PTGt o
R M Mot EY 7|8t 7|22 5GHz . Al ase o ALY T2 oA donbe fopuny. | b amommt o | by Wi s i e ¢ | o Hih oy snd das
oM 2 HAom. 5 18 UHO|E £, =23 (€5.HOMIZDI. | waliovnred devices vow | indoors.
- AuolM Ees | IERS SEd " T |- i et
SColl 22t S Prer] el
+20] 2 % olck ol |

Source: https://www.researchgate.net/publication/354086362_Coexistence_of Cellular_and_IEEE_80211_Technologies_in_Unlicensed_Spectrum_Bands_-A_Survey
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% 6 GHz brings new unlicensed bandwidth for Wi-Fi and 5G (Rel-16)
United States
24 5 GHz 6 GHz

GHz 580 MHz of unlicensed bandwidth 1200 MHz of unlicensed bandwidth

AFC AFC
Standard power Standard power
LPI
835 125 500
MHz MHz MHz
Outdoor Outdoor + Indoor Outdoor + Indoor Outdoor + Indoor Indoor Outdoor + Indoor Indoor
+ Indoor

1200 MHz @& &

A massive amount of new unlicensed spectrum
is now available in the U.S. for Wi-Fi 6E and 5G

AFC= Automated frequency controller, DFS= Dynamic Frequency Selection, LPI= Low power indoor

Source: https://www.qualcomm.com/content/dam/qcomm-martech/dm-assets/documents/how nr-u can transform what 5g can do for you 0.pdf
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< Incumbent Users of U-NII 5, U-NII 6, U-NIl 7 and U-NII 8 Band

5850 5925 6425 6525 6875 7125 7145
MHz MHz MHz MHz MHz MHz MHz

) S
i = ) A D e \\\
e
= C [ S ! [N
FIXED MOBILE FIXED FIXED

AP Standard Power

AFC Required

Z

T —————————————————————————————————,

AFC= Automated Frequency Controller
Source: https://www.litepoint.com/blog/an-introduction-to-wi-fi-6e-spectrum
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<+ F2F 6GHz 282 FT 7| H|n
2y C3te1= o= =)
- Zm4 23 o4 29 Zuj: 29
AP 5,925~6,425MHz (Zgaoé’rg;“wv:‘z)
sp* - - 6,525~6,875MHz e - -
Client (AFCHE) a THBm MHz)
e | 1,000mW
. 250mW (5dBm/MHz)
LPI - 5925~7125MHz | oqpan | 5.925~7,125MHz P 5,925~ 6,425MHz 200mwW
(-1dBm/MHz)
25mwW
VLP 5,925~6,425MHz (1dBm/MHz) 5,925~6,425MHz 25mw
= in] 2020.10% A3 2020.7¢ Al 2021.1Q Al3 o
Source: KEMICH Wi-Fiol ZHSHat SHYSHE 913t =0] S3, BAWINSHS| WIYSMYTARE, G
XXX |  JsLab
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« AFC(Automated Frequency Controller)E 2|3t DB 7|%t2| Fit4 22| A AL

Geographical data Spectrum
e 0 measurements
Regulations and policies

Spectrum
database

Regulator

Current Use
Incumbent data

Incumbent properties
Availability of frequency
detc,
Additional data
providers

Operators

Source: http://weekly.tta.or.kr/weekly/files/20214807044820_weekly.pdf
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< Unlicensed bands in the 5G NR-U roadmap.

5 GHz 6 GHz 60 GHz

Rel-17+

Source: https://www.qualcomm.com/research/5g/5g-unlicensed-shared-spectrum

XXX |  JSLab
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< NR-U H{E R EQ

Rel-17 Ol ME ARAE loT & Y2
H|2HS{CH A FH2| 0| S K| @ ItSSt=E
St BESIL YR QACE MY loT
o £d2 HOo|H M&SYO| B 41,
ctao| MaAnt FQ 0y
Cjefo|t, F=7|x ol MEo| Bash
HI ST MAE loT EEO|M=
e H& HAE B2 NR-U Ol M
At8dts SX0l M T Mt
o] 20| &= Ql(Semi-Static) '
& S FoHe2 XY

=H =2
L= g

H Al

Carrier Aggregation
agreg Dual Connectivity Standalone Mode
Mode
Standardization Release 13 Release 14 Release 16
24,35,5,6, 37,60
Frequenc 5 GHz 5 GHz o
qeRney GHz
" License + i
Frequency band License + unlicensed . Unlicensed
unlicensed
Protocol LTE LTE NR
Aggregated bandwidth 80MHz 80 MHz 800 MHz
Streams Downlink Uplink + Downlink Uplink + Downlink
Underlying ¢
LAA eLAA MulteFire
technology

Source: https://www.mdpi.com/1424-8220/20/10/2774 ,Future Is Unlicensed: Private 5G Unlicensed Network for Connecting Industries of Future
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-, i nie)
< AHEY Z{2| HF7| RE(Asynchronous) 2F 57| 2 E(Synchronous) H|il,
Mode Asynchronous Synchronous
Name Evolutionary path of 5G  Revolutionary path of 5G
Spectrum under consideration 5 GHz 6 GHz
Technology adoption Global s conscenon
ogy L (U.S. and Europe)

Spectrum efficient No Yes
Spati

palfal and ) No Yes
predictable spectrum sharing
Syr ization of No Yes
Predictable latency No Yes
URLLC Not supported Supported
Time synchronization Not Needed Needed

COTs<s6ms
ime (“COT” Ts1

Channel occupancy time (“COT") COT < 1msec COTS 12 ms

Coordinated multi-point (CoMP) mode gain

Difficult to realize

High probability

Source: https://www.mdpi.com/1424-8220/20/10/2774 ,Future Is Unlicensed: Private 5G Unlicensed Network for Connecting Industries of Future
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|

| B

+ 7GHz 0|5} St Fut+ HL0A 56 NR-U2| £4.

- 0=, EU A S0l M= S| H|HS FX 0 CHo 5.925GHz ~ 7.

125GHz(*£ = 6GHz) it H2 7| 7%

qol= LY
T AE 14GHz BB T AT e
ISM CBRS UNIL T e » mm Wave ISM
,-"2.4 7 35 5.1 5925 7.125 57 64 71
A [ T | | I
7 | | I > GHz
'." - ] "__' ______ ]
Industrial Scientific Medical (ISM) band at 2.4 GHz"‘ /'/ = ﬁ B ST 1LY YTl 1
S o & S
CBRS or Citizens Broadband Radio Service is 150 "" = = -EL LNILS = LNIE? UNIES
MHz of spectrum (3.55-3.7 GHz) = = =
NP e o 6 P o U4
5} b‘} 6;-5 ‘.)-b‘ (:;_\‘) o;-bb %9'], @P‘q’ 6{";}, 6'_{,\ ,\f\
Source: https://www.techplayon.com/5g-new-radio-unlicensed-nr-u,
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o i Y 10
# NR-U S5 918 HIHS|/38 AHEY o
* UNII-2B £ FHY %-&0| Hgt
* U-NIl-4= H8 EHA2| 4 MB|A(DSRC) X HHE X[ ofopz o] 2M AFAXRE AL 4= UL

mmWave ISM

— — M | o i L
= = <||z = st = =)

5715 “le g ]g 5" [%”
o o 5 & &0 7

Source: https://arxiv.org/pdf/2012.10937.pdf?fbclid =IwAR23813GNVgyowKn30r6IUH7)zFbp8jCOWqdvR hURWNnQFQGrLI2QhgMnBY , 5G New Radio Unlicensed: Challenges and Evaluation
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< 7GHz 0|3} SCHY Fant+ HL A 56 NR-US| 4.

. NR Us =2 83 H I3HLBT) 7|52 A2510] Wi-Fi I LTE/LAASL X312 25
« A2 ME AH A HEEZ(AFC)E F7I6HH LA M °"11|¢ 7|2 Qlst 7Hd0| EWMSIX| k=Lt

Heavily utilized. NR-U requires harmonious coexistence with Wi-Fi
and LTE/LAA using comprehensive listen before talk (LBT) techniques.

5.150 GHz

5.250 GHz
5.350 GHz
5.470 GHz
5.725 GHz
5.850 GHz
5.925 GHz

B0l 2851 AUCH NR-UE ZEZH F3 © thahLBT) 7|&8 AH83to]
Wi-Fi % LTE/LAAS} Z2t2R &0

unused

a3t

U-NII-1  U-NII-2a  U-NII-2b U-NII-2¢ U-NII-3 U-NIl-4
<

|
=~ “a

5 GHz Band

5]

+ 802.11ax(Wi-Fi 6)/802.11be(Wi-Fi 7) & 6GHz &S AL 5}X|
6 GHz Band

AE Yol 258 = D2BE AHEYHOR ZHF le 3]
=~ “1

U-NII-5 U-NII-6 U-NII-7 U-NII-8

. MOOIME AN A HESBAFOS RIS CHH 24 M A
S22 oIt 7HI0| WABIR| et

Greenfield band. An automated frequency controller (AFC) is required for 5 5 & &
b s & 0
outdoor operation {U-NII-5 and 7) while energy detection is used indoors. ] P o o
< © e ~
*e 0 JS Lab

IV. NR E&E9o| & H

|¥3l/& 7 Fh+: =552, ZigBee, 20|T}0], 9|, 20|, 117 P2P, #|0|= TV

Frequency  Adoption Total Bandwidth Incumbent Technology

2.4 GHz[6] Global 100 MHz Bluetooth, ZigBee, WiFi

3.5GHz [33] U.s. 150 MHz Satellite, military radar

5 GHz [37] Global 600 MHz WiFi, WiGig, radar

6 GHz [38] Europe 1200 MHz Broadcast, fixed P2P and satellite service, cable TV relays
60 GHz [10] Global 7 GHz P2P fixed wireless bridging/backhaul

Source: https://www.mdpi.com/1424-8220/20/10/2774 ,Future Is Unlicensed: Private 5G Unlicensed Network for Connecting Industries of Future
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p H|HS| AHE-O CHSH M2 24 & 7|8 A A 3| U SFM

- HHS AHEYS A8 7|E2| BESH EFYRtRL

802.11be
N ) 3 A
) S L N
NN & > 2013 2014 2015 2016 2017 2018 2019 2020 oo
| e e LA s o e e f - | - f f f 2
207 1 Q0% 11ad _ MulteFire 202 11ax
802 ST 802 802.11n s LTE-U =M% LAA c¢LWA ¢LAA  FeLAA _ O ° NR-L
802 b : 802 ac WIP WIP sl llay
Source: https://www.researchgate.net/publication/336786850_New_Radio_Beam-Based_Access_to_Unlicensed_Spectrum_Design_Challenges_and_Solutions
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% Flexible to work from 400 MHz to 100 GHz, using the 3GPP SCM [TR 38.901]

- FR1
- FR2
- FR2-2
- FR3
- FR4

410MHz 7.125GHz 24 25GHz 52,6GHz 71GHz 114 25GHz

R15 Study R16 R15 R17 Study R18
NR-U 5/6 GHz R16 NR-U 60 GHz R17

Source: 5G-LENA NR MODULE OVERVIEW: MODELS, IMPLEMENTATION, NR-U EXTENSION AND EXAMPLES (21/06/2022, WNS3 TUTORIAL)
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< Summary of 6 GHz operations in the US.

outside exclusion zones.

outside exclusion zones.

U-NII-5 U-NII1-6 U-NII-7 U-NII-8
Frequency range 5.925-6.425 GHz 6.425-6.525 GHz 6.525-6.875 GHz 6.875-7.125 GHz
20 MHz 24 20 MHz 4 20 MHz 18 20 MHz 11
No. of channels 40 MHz 12 40 MHz I 40 MHz 9 40 MHz 5
) 80 MHz 6 80 MHz 0 80 MHz 4 80 MHz 2
160 MHz 3 160 MHz 0 160 MHz /] 160 MHz I
Regulatory Indoor operations permit- Indoor operations permit- Indoor operations permit- Indoor operations permit-
constraints ted. Outdoor operations ted. Outdoor operations ted. Outdoor operations ted. Outdoor operations
J— permitted only if device is not permitted. permitted only if device is not permitted.

Devices must connect to N/A Devices must connect to N/A
Outdoor constraints the AFC system database. the AFC system database.
3 ) Max power: 36dBm (AP)/ Max power: 36dBm (AP)/
Al o g 2
del M 30dBm (client) 30dBm (client)
- Devices cannot be weather resistant.
Tidion coiptiaiint - Dev ices cannot be equipped with external antennas.
g Ao - Devices cannot be operated on battery power.
o= - Max power: 30dBm (AP) 24dBm (client)
Source: IEEE Access, Next Generation Wi-Fi and 5G NR-U in the 6 GHz Bands: Opportunities & Challenges
JS Lab
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M2 M~ XA
HE XA
- WHE XA

% Wi-Fi % NR-U2} Z2 LBT 7| H| 23] RATO|M T4 H&2|
2! CH7| Eof|l M 2 ddts XA

Transmitter Receiver
————— -f============= == = 44— Packet queued
Queuing dclﬂy-I Channel Busy
chden Contention start
I Back-off

Channel access delay

Channel Busy

I Back-off (carry over)

le—

Re-transmission delay

Transmission delay

Source: I[EEE Access, Next Generation Wi-Fi and 5G NR-U in the 6 GHz Bands: Opportunities & Challenges

I Back-off [
Channel Busy
Back-off (carry over)
ACK }
e e o e e e cccc----- -

o0

Transmission fails

Time-out
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< B35} 7|8t ZH|: 2140| fF HEN7} El= FA| X7l M'ES AX|5H7] I FH
o ZE|Y 7|9 FH|: FX|= M ZUo| AEE T x2S XX|SH7| ol 27

Payload

- - =
\

" A

Contention

N

Frame boundaries o s

53} 7|2 FH|

Source: IEEE Access, Next Generation Wi-Fi and 5G NR-U in the 6 GHz Bands: Opportunities & Challenges
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< Wi-Fi 3{ NR-UO]| CHSt ZEHIH Of 7+
Access Category Wait Time CWmin CWmax TXOP
Wi-Fi NR-U Wi-Fi (IFS) | NR-U(Ty) | Wi-Fi | NR-U | Wi-Fi | NR-U Wi-Fi NR-U
VO 1 25 psec 25 usec 4 -4 8 8 2.080 msec 2 msec
VI 2 25 psec 25 psec 8 8 16 16 4.096 msec 3 msec
BE 3 43 psec 43 psec 16 16 1024 1024 2.528 msec | 8 msec or 10 msec
BK 4 79 psec 79 psec 16 16 1024 1024 | 2.528 msec | 8 msec or 10 msec
VO: Voice, VI: Video, BE: Best effort, BK: Background, TXOP: 41 7|2|
Source: I[EEE Access, Next Generation Wi-Fi and 5G NR-U in the 6 GHz Bands: Opportunities & Challenges
*e 0 JS Lab
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« H[QI7} RAT Zte| SES flot oUx] HXIet =2|HS ZX|2 H|w.

Mechani Pros Cons
Energy - Simple, low-cost implementation - No power saving feature
Detection - Technology Neutral - Not suitable for low detection thresholds
- ED with high threshold can yield improvements through spatial reuse | - ED with high threshold can worsen the hidden node problem
Preamble - Reliable at low detection threshold - More complex implementation than ED
Detection - Power saving through virtual carrier sensing - Specification of a common preamble will be time-consuming
- New, efficient common preamble can be defined - Low threshold in PD exacerbates the exposed node problem
Hybrid - Greater flexibility to individual RATs - Performance in dense scenarios is questionable
(ED + PD) - Complex implementation

Source: IEEE Access, Next Generation Wi-Fi and 5G NR-U in the 6 GHz Bands: Opportunities & Challenges
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o H|ES| ABE CfjolA WER| D IEEE 802.11 7|20 BE 1ol e o

< M MHA REY 7122 fT HIES AHEH Y

art

Classification — =
Sub-7 GHz High-frequency
millimeter-wave
Band = -
z z z
&
Bandwidth 'é‘ i aﬁz
=z <
SE =
N 5

3GPP-based -U, LAA, and their

RAT enhanced versions
NR-U NR-U NR-U
Suitabl
) ndoors and Indoors and outdoors Indoors
coverage
Antenna Dissctiooal
pattern Pemraroe Omnidircctional communications oY
communications.
S UsA =] |
5‘ Canada [ =] 1 1
T H T
ZE Japan | 1 1 E
Z3
< China
[0 New spectrum additions (under consideration) I Allowed only under low power conditions

Source: https://www.researchgate.net/publication/354086362 Coexistence of Cellular and IEEE 80211 Technologies in Unlicensed Spectrum Bands -A Survey
o0 JS Lab
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% Release-18 Content Summary

Rel-17 O A& A& loT2| F7|XQl M&0| Bt = .
HIBSIOH Y ML 0T BEEOIME 7|2 S5 KE Ha Network Efficiency Features Evolution
X1 o

BA = 7|% EL oU0| BET HOE T U 5
WOLC MY Ha BAE 44310 MATIS ojHe -Network Energy Savings -N!iMC_)
B, TS50 49 HES +Usle dAS -Sidelink
At YA MY P& HAjs 0| FI|HeR2 New Spectrum _Positioni
tid T A Salelol o2 01014 HlojE] Eostionig
0| 53t @ MES £%stD, UK %S HL, -Less than 5 MHz (FR1) -RedCap
& CHS 717K Th7|ske oot -DSS
S st
Network Controlled Repeaters ~-Mobility
Rel-18 Pe -NTN
New Verticals **Dynamic Spectrum Sharing (DSS)
-UAV
Rel-18 O] H|2S|CHAS 0|23t Sidelink = **JAV stands for Unmanned Aerial Vehicle (Drone, ...)
7|20 chet EESH2H O|R 01X ULt
[ H|HS{C S A= E 2{0]| i3 Sidelink X| 2
> NR-U 0ff 7|dbot X e & HX}
b BolAS 2 A Za YR L. »
> 7|E NR AFO|ERZ 3 7| &0 et D=3} H| Q|
° > FR1(Frequency Range1l, ~7.125GHz) CH<
- **The Wake Up Signal (WUS) is a type of power saving mechanism
Source: KEYSIGHT
®e 0 JS Lab
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 Al/ML for the Air

+ Al based enhancements for physical layer(RAN1/2)
Use cases
Specification impact
Al based enhancements feature definition

- RAN3 Use cases Albased
: enhancements in
Energy saving RAN Continuing
Load balancing Work Item
Traffic steering
Mobility enhancements m Albsed —
enhancements for

Intelligence

physical layer (RAN3)

« Use cases
+ Energy saving
« Load balancing
+ Traffic steering
Al based * Mobility enhancements
enhancements
feature definition

Specification
Impact

Use Cases

Source: KEYSIGHT
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HEF X

= -

< Al/ML for the Air Interface

=

A/MLIIES
+ Areas to study

JE SA LS 4= i

ZHTHE O ALSF HEF

St=

2o

st Olch OI0 &I HIOI A AFS Atell2l E0f OF e

» Goal: enhanced performance or reduced complexity/overhead

SHEOIZMENM AIZSE 2E AI/ML TSR3 Al
AlI/MLZ 0l SIEHIOIA JIS2 858 HEE = A= I Al
* Use cases:
CSITE &4 0f: LHBIE 22, H&E &4, S
o B el Al R/EE S UM B WSS SE QUHHE & KA Al 24, B A8 HEE Shat
. AR BEC SAH0: ASHNLOS Z&21) »*NLOS stands for Non—-Line Of Sight
Source: KEYSIGHT
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< Y2|0|Em Y o|F0M 6G HIERIE Ml 2{'d S840 CfTH 2ot X
Inlrmuhl sers D
f NI
Il‘|- ment
A e (}:
Input Dataset O )((v b (
\ Deep 1 1\1]! \Ilﬁ ‘.:u-\',vl, -\ZML
by ws Function: Ji8] Base Station
L _,~
\ 7 @
Manipaulat :r” instance X ﬁ
Legitimate Inpm x € C" _\.ll ‘:;l; "«;,-_-ul\'_ln';d.-Ax.-u‘1 ?
) 0 0 O Y ey o (",
1 ‘o

JS Lab




IV. NR #F2

HF

g

< NR-U 7|%F Wi UAVe| &% H2| (6G NR-U)

Backhaul
Network

‘ ::i ) Integrated Access
£ and Bakhaul

‘MNO2
Private
LTE

Neutral Host
Network

WI (Wireless Infrastructure), UAV (Unmanned Aerial Vehicle) Drone, ...

Cloud Computing

Cloud
Edge Cdmputing et (;?ching
EDGE  HEEE
Servers | =

4

Multimedia

Source: IEEE Access, 6G NR-U Based Wireless Infrastructure UAV: Standardization, Opportunities, Challenges and Future Scopes
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HF

EI-I

| B

% 6G: 20259 A

FE BEESIE|0 2028'd T O|F0f X2 YE3HE O

Y2019, Y2020 , Y2021 , Y2022 , Y2023 , Y2024 , Y2025 , Y2026 , Y2027 , Y2028 , Y2029 , Y2030 , _
L] L L] L L] L] L] L L) T T
WRC-23 WRC-27
WRC
ITU-R
6G RIT A val
X '20.2 '22.6 " e
ITV Vision Study & Trend “6G T T T T T EG Tech, | \mmmmmmmmmmmee N
WP5D report for 6G ) Vision” ,___G_G_R_Eiu_'ri"le_"i__,‘___P_m}gs_a\_'_ ! 66 Evaluation 3
Rel-16 Rel-17 Rel-18 Rel-19 Rel-20 Rel-21
sop a1 T Y T 3
td. Study Kickof 6G 1% Spec. drop Spec.
35@ : z - - = ||) Evolution
o I RAN/SA 6G SUWI I
| P S R, CrTasTaL s s L e s e ws . -0mmercialization
EU-5GPPP(H-2020» H-Europe), US-ComSenTer(THz)/NSF, KR-6G National PJT, CN-MIIT PJT,_JPN-MIC PJT
SR&D PJT Government/Union-leading Advanced R&D PJT ); Product Solution PJT, Service Prototype PJT >
Global 6G TF (NGMN), 6G Wireless Sumn
- pé',‘{ff:,f,f-,’,}"ﬁrivaeew;-blic- NGA (US), Hexa-X (EU), 5G-Forum (KR), CNIJPN (itiated), Private - NGMN 6G TF, 6G Wireless Sumit §>§>»
S
Activities

Industry Initiative Global 1:1 Collaboration [

Global 6G Initiative
Activities

T

Source: Keysight 5G Summit 2022, Research Fellow, LG Electronics, Inc, , Jachoon Chung
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FI)l

* 6G Action Worldwide

Europe
USA Policy: o China South Korea
licy: - EC: Horizon 2020 olicy: i
poley: 2 * MIT starts research (2019)F  Poliey: : e finting for
- Horizon Europe: + MSC research projects for o0 CVOSeTans o resaeh
+ Spectrum >100GHz due April 22 2021 (comma/sensing, N + MC Initiatives
- Country-Specific URLLC, NTN) (2021) Cor ;al ‘2028
. mmercial:
ConsortialUniversity 5 mlaﬂd Goal: Launch 2030 Consortia/University
+ NextG Alliance . o i + Tokyo Institute of
+ Northeastern Universit + German: C e
+ UC San Diego 4 ! + FutureForum > e . I;:flr:;‘;g& Osaka
- UC Davis Consortia/University * CCSA + Tokyo University
+ UC Berkeley * 6G Flagship Program * Network 5.0 « University of
- UC Santa Barbara (University of Ouks) */ Southemst University Hroshima
= Nvu = University of Sumey + Tsing Hua
« UT Austin = University of Bristol 5 * BUPT —_————
+_Notre Dame - University of Stutigart I
= Aalto University - - B .
-
.
I oo mment and Policy
I Consortia or University
A KEYSIGHT R
Source: Keysight
®e 0 JS Lab
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. Wi-Fi 7 & MH[A 7%
IV. NR EE9| &H

V. NREZ 7|8

VI. NR H& AlL}EZ|2

VII. 28 7|=
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>

HIES S X M2 KM HAHLIF

52.6GHz $E{ 71GHz 7tX|2| LS (FR2-2)LH2| H|HB{CHHOM NR SE2 X|5t7] fIT ME Au A
=7t "ol

My HAHE 7| I8 7|2 MY 220 X2 FR2-22 o MEAH Hol%| ALt sLt| MY
£2(T,)° 5usZ Ho|E[AD, C|HAIHT)2 2 E 8us 7F Heol

Clz L ZHHOl M ®'20] Hi(idle)IX|2| ZFE 3t7] fISHAM = 8us2| OHX|2f 5us MY SRS EHHH

Ho|x 3H410| ZH2 +UA}ES ol

« 7|X| 2 S 2 TR0 MAS £ 25 ME MAS 275k X0 M X|He| regulation®f| [}2}
Short Control Signaling(SCS)0i| CHSHA] xj'E M2 HA|st= HE2 S| 86t= X|of CHsHAM = 'S
MU= SEE of2fet 22 HE0 chsiA Hel

v JIXI=0l & & discovery HAES| &
v O olst Y M A EBXAFH HAIK &S

*,

*

Source: 3GPP Release 17 7|22 24 21 (20221 Futs g2 &

o

= 7

Ht7|% JHY oHA|, TTA S 210A)
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% 5G ol He| Ho|
+ Rel-170f|A| H|H3&| (Y2 2 57-71GHzS
gohstn ST oM M3 52 1(PC1:
FWA), ®8 53 2 (PC2: Vehicular UE),
M3 £3 3 (PC3: Hand held UE)d|
sligtsl= CHErof| s 2 FALEH0| Ho|
n263 BHE0| A A| 2 SCS(Sub carrier
space) 480kHz, 960kHz2}
2000MHztX| 2] *{'E CHH = (Channel
bandwidth)0| 2|

N263: 57000 MHz — 71000 MHz

Fixed Wireless Access (FWA), SCS(Sub carrier space)

Power Class: https://www.rfwireless-world.com/5G/5G-NR-UE-power-class-types.html
Source: 3GPP TS 38.101-2

Frequency range designation | Corresponding frequency range
FR1 410 MHz - 7125 MHz
FR2 FR2-1 | 24250 MHz — 52600 MHz
FR2-2 | 52600 MHz — 71000 MHz
Operating | UL operating band DL operating band Duplex
Band BS receive BS transmit Mode
UE transmit UE receive
Fuisow — Fuinon FoL iov - FoLnign
n263 57000 MHz - 71000 MHz 57000 MHz - 71000 MHz TDD'

NOTE 1: This is for unlicensed band operation and subject to regional and/or
country specific regulatory requirements.

Operating | SCS | UE channel bandwidth (MHz)

band (kHz) | 50 100 | 200 [400 |800 1600 | 2000
120 100 400

n263 480° 400 800" | 1600’
960° 400 800" | 1600" | 2000’

NOTE 1:This UE channel bandwidth is optional in this release of the
specification.

NOTE 2: This SCS is optional in this release of the specification.

® e JS Lab
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% Frame structure (TDD assumed in this example)
One subframe (1 ms)

I

One slot (14 symbols = 1ms) :

TP B AL e e s et e ===

Downlink control Ir

One slot (14 symbols =0.5ms)

30 kHz EEE i  BEE

W Example of latency-critical data transmission
e - . not starting at a slot boundary

Uplink control

_H

Downlink data
Downlink reference signals

Source: Dahlman, Erik; Parkvall, Stefan; Skold, Johan. 5G NR (p. 133). Elsevier Science. Kindle Edition.
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< Resource element and resource block.

One resource element

One oFBKn symbol

Source: Dahlman, Erik; Parkvall, Stefan; Skold, Johan. 5G NR (p. 226). Elsevier Science. Kindle Edition.
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% Resource grids for two different subcarrier spacings.

One subframe

Resource grid, 2Af

=

Resource grid, Af

One resource block — 12 subcarriers,
subcarrier spacing 2Af

One resource block — 12 subcarriers,
subcarrier spacing Af

Source: Dahlman, Erik; Parkvall, Stefan; Skold, Johan. 5G NR (p. 227). Elsevier Science. Kindle Edition.

I X X JS Lab

128



V.NR & 7|=

% Cell Search and System Information

« Time/frequency structure of a single SS block
consisting of PSS, SSS, and PBCH.

% Cell Search, Discovery Bursts, and
Standalone Operation

+ SSB, SIB12 ©&dl= PDSCH, PDSCHE
AHE2US= 1A PDCCH| =8-S DBELD $HCt.

« Discovery Burst (DB)= X|& A|ZHO| Ff 1 #I= 7}
Hoo= xfd AMA §H 2AE MEF 5 QUL

« PDCCH Physical Downlink Control Channel [ |
+ PDSCH Physical Downlink Shared Channel
«  Primary Synchronization Signal (PSS), One OFDM symbo'
+ Secondary Synchronization Signal (SSS),

« Physical Broadcast Channel (PBCH)

Source: Dahlman, Erik; Parkvall, Stefan; Skold, Johan. 5G NR (p. 547). Elsevier Science. Kindle Edition.
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>

>

»,
*

=3 PDCCH 2LEY HE 7|&

+ Rel-15 TH&2 Efml Arzhal 2HA|gio] MM E BE PDCCH ©M 37 HEES DL E™s|of stz
A EEQT MY 407 U

+ Rel-16 NR-U|ME THY CCA SZ2| M3 285 £0|7] st SXo= ©M Z7H HE 1E(SS56)
A9H gAZ =9

- 71X|1F2 THEOf 2700] SSSGES MM ¥ £ U1 0|5 2| AW FH2Z XA

gNB-initiated COT

[~ Slot i Slot

« PDCCH: Physical Downlink Control Channel
+ COT: Configured Timer
+ CCA: Clear Channel Assessment.

>
—“

Slot

- SSSG 221H 0] 2|3t NR-U MH3 CCA S5 -

Source: ETRI
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% SX PDCCH RLE Y X2 7|5

* Rel-170{A{= RRC 91Z 2 C CHYo| M3 41 J M3 Q|s] H&8t SSSG A2H 7|&S M oy
EYsHE ZYUu PDCCH 2LIET W& 7|£ S M2 =U5: &Y E =9
- SSSG 2 L|E{T 4 7|=2 THE Y M 5§ Y= 7 (skipping duration) &2 PDCCH 2L|E{T

532 WY A S RSt WHo|n, W2 R2ho| Lol At 3K THrol M
- PDCCH BLIE|Z 42 7151 5556 2914 7142 RRC A4Ho| W2t 8 =& 2 S5 4 Uk,
1) 2E1:POCCH2LIHY M2t =&
2) 2E 2: 2042 SSSGE 22 AR E SH
3) 2E 3:3)H2 SSSGE 242 SSSG A9 A SF
4) 2E 4:PDCCH ZLIEHEY M2 S& + 2J42 SSSG

un

20l ASIE SB

——» Timer expires
——» Switching indication
(explicit/implicit)

- Rel-17 SSSG 29|¥ -

Source: ETRI

L XX | JstLab
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+ S PDCCH BLET X g 7|2

« B E 39| G A|0|M SSSG #2= PDCCH £ 28 Z&SIX| Y2 HHE £+ U0
« BE 49| G A0l M SSSG #22 R L|E{YSl= SE2 PDCCH ZLIE Y S M5t SE0 48

™
e

$55G #0 $S5G #1

SSSGHOOI#Y
spends ontimer|

Source: ETRI
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< FR1 CHo|A2] ££M FOb4=(RF) TIg}

* Rel-172| FR1 RF 714 &2 7|E Rel-160{ A CHEX| ZRE 3| ot2f 67tX| FF0f CHsH RF EF
nH 2¥s S8R UY

1) S2 ¥WE e Axet&Tintra-band contiguous) £k &4 (CA) DEH (S S2 2) YL RF A F 2
2) SY ¥HE L Hl Y £2kETHintra-band non-contiguous CA) It &4 (CA) 1&E(H™ S2 2) &2 RF
A 82
3) n77/n78/n79 TDD BandOil Ci8t D&EA(MASS 1.5) &2 7»=A 2
4) FDD BandOil CH8t D& (MAS2 2) 4L RF 7 2
5) &4l CHOIH AIEI(Tx Diversity, TxD) DEH(H&ASS 2) & RF 73 9
6) 2t 2t AT D248 HILE HA(NR-U) S RF 72 F ol
5G NR Band Uplink / Downlink Frequency Bandwidth
n77 3300 - 4200 MHz 900 MHz
n78 3300 - 3800 MHz 500 MHz
n79 4400 - 5000 MHz 600 MHz
Source: 3GPP Release 17 7| &2 241 E1A (2022 Fots= 2t 9 33 7|€7|& 71 DHA|, TTA HF EIA)
® o0 JS Lab
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< Rel-170{|A F7} n2{E H|HS| CHY(NR-U) 74
» 3t39| A2 LPI(Low Power Indoor) &t VLP(Very Low Power) LSt 37 A S22 5 HHEsI0, H|HE
CH(NR-U) THE RF 12| 3GPP EE0| &€&

3GPP Rel-17 Regulatory parameters
Maximum : Maximum
Frequency mean Maxirpiam maan mean
Power NR | Network Permissible EIRP density
: : Country : Range power EIRP
Class |Band|signalling operation : for out-of-band i
[MHz] density SR EaTG for in-band
(dBm/MHz) emissions
NS_59 Canada LPI 5925 - 7125 5 30dBm
27 dBm/MHz
ng6 NS_60 LPI 5925 - 7125 2 (f = 5925MHz. 24dBm
PC5 South f = 7125MHz)
(+20dBm) Korea 34 dBm/MHz
NS_61 vLP 5925 - 6425 1 (f < 5925MHz, | 2 14dBm
ARA445MHZ)
- 22 dBm/MHz
A =% > 2 2
n102 NS_58 EU/CEPT LPI 5945 - 6425 10 (below 5935MHz) 3dBm

Source: LGTAt  EIRP: A& S SAHE (effective isotropic radiated power)
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oo

* Unlicensed devices allowed to operate in the 6 GHz bands in the US
% Unlicensed device classes feasible in the 6 GHz bands in Europe

*,

6 GHz bands in the US

Device class Bands Maximum EIRP | Maximum EIRP PSD
Standard power AP 36 dBm 23 dBm/MHz
Clients connected to standard power AP SIS/ U=NIES 30 dBm 17 dBm/MHz
LPI AP 30dBm 5 dBm/MHz
Clients connected to LPI AP U-NII-5 through U-NTI-8 24 dBm -1 dBm/MHz
VLP devices™ U-NII-5 through U-NII-8 410 14 dBm -18 to -8 dBm/MHz

6 GHz bands in the Europe

Maximum unlicensed EIRP

Device clasy Constcalat Coexisting Incumbent Permitted EIRP
Fixed services 23-24 dBm

LPI Tiiiooe Fixed satellite services 23-24dBm ]

: CBTC 21.5 dBm/20 MHz (in-band) and -29.5 dBm/5 MHz (out-of-band)
ITS -69 to -36 dBm/MHz (out-of-band)

VLP Indoor and outdoor Under consideration

Standard To be considered To be considered, approximately 30 dBm

power (AFC-like database)

Source: IEEE Access, Next Generation Wi-Fi and 5G NR-U in the 6 GHz Bands: Opportunities & Challenges
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« $F2(NS_60, NS_61),

< Rel-170{|A F7} D2{E H|HS CHY(NR-U) HIEHYI A2 (NS, Network signaling)

Mode

i SP [ LPI [ VLP

Region 1
EU/CEPT | N/A | NS_58 [ TBD

Region 2
uUs NS_54 NS_53 N/A
Canada NS_54 NS_59 T8D
Brazil N/A NS_53 T8D
Peru N/A NS_53 N/A
Chile N/A NS_53 N/A
Costa Rica N/A NS_01 TBD
Colombia N/A NS_53 N/A

Region 3
: South Korea N/A | NS_60 NS 61

Source: LGH A}
XX | Jstab
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< H[H3S] CHH(NR-U) THY NS_60(8Hs, LPI) A-MPR

LPI(Low Power Indoor) Pre— Modulation Channel bandwidth (Sub-band allocation) / RB Allocation

ke 20 MHz 40 MHz 60 MHz 80 MHz
Full Partial Full Partial Full Partial Full Partial
(dB) (dB) (dB) (dB) (dB) (aB) (dB) (dB)
BEl=sE QPSK =i610M|=" 575 MiE =L OIS <85 5| =315 [I=t4 SHI= S it
iz 16QAM | <6.0| =85 |<40| <55 |<40| =50 |=35]| =50
64 @AM s 6.00 =85 < 4 0l S< 55| < 4G =508 i< 3151 < 5.0
256 QAMA = 6 =S 6= "5 0S5 ERIES 5.0 |N<35 5815 5.0/ | E <85 5
CR= QPSK =G0l =L ||=68E| | She ||[S2al| 2885 ||=4E]] &6
SEEM 16 QAM =6 0N <S5 <i5 B I <85 58| < 603 <2658 | I< 4 51| <2615
SelEryl = e =EE | [=EE | 2 hs (|Bas| =685 |[=8E|| =65
256 QAM | < 6.0| =85 |s70| =70 [s70] s70 |s7.0] s7.0

Source: 3GPP TS 38.101-1
® o0 JS Lab
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Source: 3GPP TS 38.101-1

VLP(Very Low Power)

< H|HF CHH(NR-U) THY NS_61(EH=, VLP) A-MPR

o0

Pre Modulation Channel bandwidth (Sub-band allocation) / RB Allocation
coding 20 MHz 40 MHz 60 MHz 80 MHz
Full Partial Full Partial Full Partial Full Partial
(dB) (dB) (dB) (dB) (dB) (dB) (dB) (dB)
DFT-s- QPSK = = = = = = =< =
OFDM [7.5] [10.0] [6.5] [6.5] [6.0] [6.0] [6.0] [6.0]
16 QAM < < < < < < < <
[7.5] [10.5] [6.5] [6.5] [6.0] [6.0] [6.0] [6.0]
64 QAM < < = =< < < < <
[7.5] [10.5] [6.5] [6.5] [6.0] [6.0] [6.0] [6.0]
256 QAM s < < < < < < <
[7.5] [10.5] [6.5] [6.5] [6.0] [6.0] [6.0] [6.0]
CP- QPSK < < < < < < < <
OFDM [7.5] | [10.0] | [6.5] [6.5] [6.0] [6.0] [6.0] [6.0]
16 QAM s < < < < < < <
[7.5] [10.5] [6.5] [6.5] [6.0] [6.0] [6.0] [6.0]
64 QAM = = < = < = < <
[7.5] | [10.5] | [6.5] (6.5] [6.0] [6.0] [6.0] [6.0]
256 QAM < < < < < < < <
[7.5] [10.5] [7.0] [7.0] [7.0] [7.0] [7.0] [7.0]
JS Lab
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< NR/NR-U radio stack architecture
« Suffix ‘-u’ indicates NR-U block; ‘U-p’: User plane; ‘C-p’: control plane

( Application(s) )
Up-stream $

downlink!
downlink

Source: https://arxiv.org/pdf/2012.10937.pdf?fbclid=IwAR238I3GNVgyowKn30r61UH7)zFbp8jCOWqdvR_hURWNQFQGrLI2QhgMnBY , G New Radio Unlicensed: Challenges and Evaluation
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% NR-U C|H}O| A O}7| &4 A
« MAC 2| 38 £ CtF HEYE 7[2|0| U LBT (Listen before Talk)

L3/RRM

PDCP
e

Component Carrier Manager (CCM) Channel Access

Manager (CAM)
LBT

Channel Access
Manager (CAM)

Source: https://www.researchgate.net/publication/340625488 NR-U and IEEE 80211 Technologies Coexistence in Unlicensed mmWave Spectrum Models and Evaluation
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% Channel-Access Procedure Type 1 and Listen-Before-Talk |
» Channel-Access Procedure Type 1("LBT cat4")2 &}Lt2| S8 COT

WolM HEE HAISHE ol ABElE RAtolct,
« JHAIXHs gNB £ C|HIO| AR & o0, 29| Moo s Eaf LBT
Y Transmit

BAE US| 22| A 7t o5& Ft

Channel idie
for 9 ps?
Wait until idle for
Tg=16+m-9ps

*'g HMA Hx} § Channel-access procedure type 1.

COT(Channel occupancy time)
Source: Dahlman, Erik; Parkvall, Stefan; Skold, Johan. 5G NR (p. 631). Elsevier Science. Kindle Edition.

® o0
141

JS Lab

T A AL
V.NR B& 7|5
% SDU delivery in acknowledged mode.
* ¥ RICAEIE| 2% S0l REOM 212 M B(window)2t =4 B(window)0|2h= £ 712 BS R Al
- S Bofl = POUTH HEE = o, B AE 25 Of2Hof] AlRA HZ7t = PDUE 4 RLCO|A
olo| Zol% %
« FM7|E U E ol A= AlA2 MBI} = POUTH =3280, EBH =47]= ZF SDUL| AFE SHLHRE
42l ASo| HEdlof st22 F5E PDUE 25 AHK|
Retransmission of missing PDUs. | J ( J
Transmitter Receiver Transmitter Receiver T i i T R
t=ty t=t, t=t, =t
SDU: Service Data Unit, RLC: Radio link control, PDU: Protocol Data Unit
Source: Dahlman, Erik; Parkvall, Stefan; Skold, Johan. 5G NR (p. 484). Elsevier Science. Kindle Edition.
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< Contention-Window Sizes for Different Priority Classes: 7§ A|X}= X| ¥ 7|Zt0|2t St=
A 7|2t s Fhb A E S AFEE = US WX =4 Th7|5HH, XA 7|2 16ps2t
2] 74| Jus R 2 FEE 1, X 7|2t2 L4 &e| a0 w2t FapEIch
a. 778 240 w2t HAE Zo|7t EECH &2 Fo = HEHE + Uk MEE S /sts CHE 7120
e BS 10ms7h AL EIH, J¥X| 2 ZFL 6ms7t AL EICH
b. 6msi 3Lt 0| 42| 2 MU0 8msZE 5T + UAC A2 X4 X|& A|ZE2 100ps0|Ct. 0|2{E
Ag ZES7| ® A X|& AZE2 6msO{OF BHCL

Defer Period Possible CW Values Channel occupancy time (COT)
Priority Class Ta=16+Mm-9 (us) {CWhin, ..., CWiax Max COT*? (ms)
1 DL 25 3,7} 2
UL 34 2
2 DL 25 {7,15} 3
UL 34 4
3 DL 43 {15,31,63} 8or 10
UL {15,31,63,127,255,511,1023} 6or 10
4 DL 79 {15,31,63,127,255,511,1023} 8or 10
UL 6or 10
Source: Dahlman, Erik; Parkvall, Stefan; Skold, Johan. 5G NR (p. 631). Elsevier Science. Kindle Edition.
®*o 0 JS Lab
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% Channel-Access Procedure Type 2 and COT Sharing
< COT(Channel occupancy time) sharing ()
» Type 12 5tLt2| COT LHO|M &S AlESH: O AHEEl= BAL
* Type 2= Ct3 50| 0| HE F %[ 16ps 20| 0[0{X|= BL, TS HAE AO|0| 7 ZX|7t
Z5tx| gict.

Type 2A, B, or C depending on gap size <25 ps (Type 2B or 2C)

DL data UL data DL data

I | I cot

Source: Dahlman, Erik; Parkvall, Stefan; Skold, Johan. 5G NR (p. 637). Elsevier Science. Kindle Edition.
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.,
g

T 7H2|E Ar8%t= FHY %S| B9 CORESETS &HE

[=]
Rel-152] CORESET T+ 2 R ¢5}H, Rel-15 C|HIO| A0fA = X| ] E|X| X7 HEHO R RE OFDM
AlZ20)|AM PDCCH B L|E{ZIS Q|8 comasmE ‘.'.'E'_'la'}i‘ﬂ JAME 4 ot
HiHSE RLIE|E S Eoff Ct23 3 HI0|E| HES 2 E OFDM MEMAM AZtE 4= Qoo =2 H|HY
AHEZHNAM ST 0] 2510, H|HE ABEJZ X|}E + Y= ClHO|AE O XF BLE-SHE
QARIAR T 5 QlLC}.
« SMAIL HST 2o HE SEsto] LEE FoAO0| Fob ZHQIe BE 2[AA B HHAA
HtEE| T & sito}

I'|0

Same CORESET location in each RB set

{ l

v
CORESET CORESET
_...Guard
*qwm R s Offeat - = = PT
Resource block set #1 Resource block set #2 |
|
Point A Bandwidth part (carrier bandwidth) |

CORESET Control resource set

Source: https://www.researchgate.net/publication/354086362_Coexistence_of Cellular_and_IEEE_80211_Technologies_in_Unlicensed_Spectrum_Bands_-A_Surve)
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< C|HtO|A ZHEOojlA =& NR2| PDCCH X2| 7i2

Set of REGs

CORESET: Control resource set, CCE:: Control Channel Element, REG: Resource Element Group

Source: Dahlman, Erik; Parkvall, Stefan; Skold, Johan. 5G NR (p. 340). Elsevier Science. Kindle Edition.

I X X JS Lab

CCE-to-REG
mapping

Set of CCE — +—— PDCCH candidate
eo = 1 PDCCH candidate

| Search space — PDCCH candidate
.
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A
=

M

.

CORESET

* NROIM C}233 Hof M=0| 3|42 CORESET 7i'd

Ho] 2|22 ME CORESETE C|H}O|AZ} StL} O &te| HM Z7HS ARSI £H Hof MES
ClRYs3 D A28t A ZH-FOi 2laA

« A|Zh-F0b =00 A CORESETS| 37|2t fIX|= WE IO 2|6 2HE X (semi-statically) 2 2
THE|o2 gtEn Y ZEct B MEE = AL

HbS 7} X|CH 400MHz7HX] DS HS 5+ 1 B E C|Hjo|A7}L o|2{$t 2 HYZFS $418 5+ QUCtn
7}Hst= He 32| X0|X| Y202 NROA E3| =8

>

Data can start before

the end of the PDCCH \
PDCCH in this CORESET -
(indicated as reserved) —f

Data scheduled on unused
CORESET resources

f ' 4 (

WAL 818 (R%) U HO|E S 21T oY 2220 YA (REF), O] SIHAIME 717|7t 5 7H2] Zojez FEE
CORESET Control resource set
Source: Dahlman, Erik; Parkvall, Stefan; Skold, Johan. 5G NR (p. 344). Elsevier Science. Kindle Edition.
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gl CHO M EHESH7| 93 3H 2
* SGhz x GOGhZ H _Ioil -l -tQ I' | TI s -H. " Q = Regulatory Requirement 5GHz 60 GHz
Mandatory Japan and Europe

« LBT Based on Channel energy detection
LBT Clear Channel CCA slot

. MCOT mechanism Assessment (CCA) duration is

LBT and slot duration is 9| S

» EIRP/PSD e e

. for each

oCB band [66-67)

. DFS Energy -42 dBm for a 20 MHz | -47 dBm for
detection a 40 MHz
threshold

i Ty issi Continuous ission is_prohibited
Channel MCOT Zms, 4ms, and bms 9 ms [66]
Occupancy and can increase up to
Time 8-10 ms [67]
| (MCOT)
EIRP, and Maximum e 23 dBm and 10 40 dBm and
power mean EIRP dBm/MHz (for 5.15- | 13
spectral and Power 5.35 GHz) [67] dBm/MHz
density Spectral * 30dBmand 17 [66]
Density dBm/MHz (for 5.47-
(PSD) 5.725 GHz) [67]
Occupied Channel Bandwidth | Between 70% and Between
(OCB) 100% of the Nominal 80% and
Cannel Bandwidth 100% of the
(NCB) [67] NCB [66]
+ EIRP: HE SS9 A (effective isotropic radiated power), DFS If radar signals are detected, a device
« PSD: M3 AHEY YU (Power Spectral Density) should switch to another channel to
« DFS: Dynamic Frequency Selection avoid interference

Source: https://www.researchgate.net/publication/354086362 Coexistence of Cellular and IEEE 80211 Technologies in Unlicensed Spectrum Bands -A Survey
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< 2ol A7t = ofe A2 SRE NR-U 23S flst HetE &4

Optionl Option2 Option3 Option4
NR-U , e A S A
gNB Primary - \I ’ s ! V! \
channel 1 CAT%- I cAT4- | CAT4 1
I I 1 I
: . : 1 LBT EI_,J LBT -LBT
Primary Secondary Secondary | E 1 : | : I : :
unlicensed unlicensed Channel 1 1 3 1 CAT4- o |1 CAT2 I |
channel Channel(s) L & : LBT i X I 1 : _LBT | X I I : | X | : .
i 12 i i | i 3
: H 1 3 1 | H I
UL, DL\\ & UL, DL Secondary ! I !
: ry R— | m 1 CAT2 | | 1 1
i channel N ! X Cﬁg—? | TX I! 1 -LBT X : 1 Ix ]
= UE L T T

Source: https://arxiv.org/pdf/2012.10937.pdf?fbclid=IwAR238I3GNVgyowKn30r61UH7)zFbp8jCOWqdvR_hURWNQFQGrLI2QhgMnBY , G New Radio Unlicensed: Challenges and Evaluation
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+ NR-U 82! FM ZR2ESS| =

This slide represent:
protocol, RLC, andk

layer 2 structure of the New Radio U-Plane radio protocol, including the downlink and uplink It also comprisesthe layer 2 components, such as senice data adaptation protacol, packet data convergence

UEiNE QoS Flaws UEGNE T
S Baaars . . Radio Bearers
o o o N o ]
-T2 .0
2 RLC Channeis I . ] RLC Channels
RLC RLc & £
RLC 5
gical C . N Logical Channels
WAC [ Schoduing |
o
1 u [ hano
Channels s Transport Channels

Except for the new SDAP layer, the overall structure is nearly

3 |
T identical to LTE L2 NR U-Plane Uplink radio protocol's L2 structure @

‘ NR supports carrier aggregation from the start Basic structure is the same as the downlink structure, with the exception that 4
1 carrier aggregation is not supported on the uplink 1

*> Data for each carrier is handled individually in SDAP, PDCP, RLC, and
¥ multiplexed/scheduled in the standard MAC layer

Add text here C:
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% ML as a toolbox for NR-U

ML Toolbox

Source: https://www.mdpi.com/1424-8220/20/10/2774

S

y
A"/

Q

AA + Naie Bayes . tLr::faar
+« SWM :
Regression
» K-Nearest + Logistic

Wireless technology identification
Timeffrequency/space state identification
Neighbor characteristics identification

/

Regression | ¢ Traffic analysis in the coexisting neighbor
ion for i

» Parameter

« Characteristics of coexistent network

" * And, How long to transmit?

poral

« Which timefirequency/space slot should a APAUE select?

LBT catagory estimation for m
coexisting neighbor performance improver
+ K-Means

+ Mean Shift
* K-Medoids

« Handover decisions, mobility decisions
« Priority access decisions

+ Q-leaning
» Bandits

JFuture Is Unlicensed: Private 5G Unlicensed Network for Connecting Industries of Future

®*e 0 JS Lab
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Il. Wi-Fi 7 7| &3} MH|A
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VI. NR & AlLIZ|2

% Anchored NR-U

+ Boosting existing deployments,

* Better user experience with higher speeds
* Manages congestion and mobility

* Delivers a consistent 5G experience

VI. NR & AlLIZ|2

% Standalone NR-U

* Makes 5G private networks easy to deploy
*» Benefits a wide range of industrial loT

Warehouses

XXX |  JsLab
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VI. NR & AlLIZ|2 i

% 5G NR-U synchronized sharing for more efficient private networks
+ AI-LINK Debuts the World's First Cloud Native Industrial 5G NR-U on 2023 MWC

v Private Mode
J Fully Built In-House

v Cloud Mode
v' Hybrid Mode
Industry-Oriented

Deployment Mode Industrial Protection

@ B @ A QK

e &

]

Private Mode Cloud Mode Hybrid Mode

Source: https://en.prnasia.com/releases/apac/ai-link-debuts-the-world-s-first-cloud-native-industrial-5g-nr-u-on-2023-mwc-395166.shtml
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VI. NR & AlLIZ|2

% Base Station Types

Output Cell
Cell Type Power (W) Radius (km) Locations
Femtocell 0.001 to 0.25 0.01to 0.1 1to 30 Indoor
Pico cell 0.25to 1 0.1t0 0.2 30to 100 Indoor/outdoor
Micro cell 1to 10 0.2t0 2.0 100 to 2,000 Indoor/outdoor
Macro cell 10 to more 8to 30 More than Outdoor

than 50 2,000

Source: 5G RF, 2nd Qorvo Special Edition, by David Schnaufer, Tuan Nguyen, Ben Thomas, Alexis Mariani, Paul Cooper, Bror Peterson, Phil Warder
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VI. NR & AlLIZ|2

% Video Traffic 1} CHY =

* Required data rates of 1080p and 720p video (~6.8 Mbps)
* Required data rate of UHD video (300 Mbps)

Video type | Video resolution | Frame rate (FPS) | Encoding scheme | Required data rate
720p 1280 x 720 60 H.264 3.8 Mbit/s
1080p 1920 x 1080 40 H.264 4.5 Mbit/s
1080p 1920 x 1080 60 H.264 6.8 Mbit/s
Video | Video Frame rate (frame Encoding Quality Required
type resolution per second, FPS) scheme requirement data rate
4K 3840 x 2160 | 50 HEVC Medium quality | 20-30 Mbit/s
UHD
4K 3840 x 2160 |50 HEVC High quality ~75 Mbit/s
UHD
4K 3840 x 2160 |50 AVC High quality ~150 Mbit/s
UHD
8K 7680 x 4320 |50 HEVC High quality ~300 Mbit/s
UHD
@ Springer
Source: 5G System Design, An End to End Perspective, Wan Lei « Anthony C. K. Soong, Liu Jianghua « Wu Yong « Brian Classon, Weimin Xiao « David Mazzarese, Zhao Yang « Tony Saboorian
*e 0 JS Lab
VI. NR -1 "'I I'EI2
o . o
% Required data rate of VR (w/Round-trip delay)
Frame Required
rate Encoding Color | instantaneous data Round-
VR level Video resolution Single-eye resolution | (FPS) scheme depth rate trip delay
Entry-level Weak Full-view 8 K 2D/3D video 1920 x 1920 [with 30 H.265 8 Field of Full 30 ms
VR interaction | (full-frame resolution view angle of 110°] view view: (2D)
T680 x 3840) (FOV): 75 Mbpsj 20 ms
40 Mbps. (2D) (3D)
(2D) 120
63 Mbps Mbps
(3D) (3D)
Strong % 120 Mbps (2D 10 ms
interaction 200 Mbps (3D)
Advanced  Weak Full-view 12 K 3D video 3840 x 3840 [with 60 H.265 10 FOV: Full 20 ms
VR interaction | (full-frame resolution view angle of 120°] 340 Mbps | view:
11,520 % 5760) 630
Mbps
Strong 120 1.4 Gbps Sms
interaction
Ultimate Weak Full-view 24 K 3D video 7680 x 7680 [with 120 H.266 12 FOV Full 10 ms
VR interaction (full-frame resolution view angle of 120°] 2.34 Gbps | view:
23,040 % 11,520) 44
Gbps
Strong 200 3.36 Gbps Sms

interaction

@ Springer

Source: 5G System Design, An End to End Perspective, Wan Lei « Anthony C. K. Soong, Liu Jianghua « Wu Yong « Brian Classon, Weimin Xiao « David Mazzarese, Zhao Yang « Tony Saboorian
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VI. NR & AlLIZ|2

% Holographic Telepresence ds:

Number of ‘pixels’ required in J
Size of object + occupied volume
2 Gbits: ‘Full parallax’ requires much larger
resolution blocks
. Block size of hologram P——
BT o after processing scan %’//—J

60 fps for smooth movement

Color depth required

Frames per second 24 frames af;:ntclom phase
fps ==

+ techniques to reduce

5cm: 10Gbps* speckle

25cm: 60Gbps*
180cm: e.g. human( > 1Tbps Raw Data Rata before

~———

6’0" tall

any compression

Source: Keysights
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VI. NR & AlLIZ|2

< Rel-16 introduces NR in unlicensed spectrum: NR2| H|HS{ LY = (Unlicensed Band) At

« H| S| HF (Unlicensed Band)2 LTEQ} NRO|A ALE 75

» NRO|A| H|HS] Y =S A8 3= AlLLE|L 274
o Anchored NR-U: H&| LHHE S AnchorZ AF251D H|HY CYE0| 5|8 & mjojct =34 2HEsHA AL
o Standalone NR-U: H|HSCLHHZ ChE0 2 AR

Anchored NR-U Standalone NR-U
Unlicensed spectrum is combined with Only unlicensed spectrum is used

other licensed or shared spectrum as anchor

|| [W—
/ £100 MHz UL BW 100 MHz UL BW
=400 MHz DL BW <400 MHz DL BW
.
Licensed or shared Unlicensed Unlicensed
anchor spectrum NR-U spectrum NR-U spectrum

5G NR in unlicensed spectrum with 3GPP Release 16
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VI. NR & AlLIZ|2

% NR-U deployment scenarios

Anchored NR-U Standalone NR-U

EPC
E [se ion] oo se )
s —] e o=]
cP [semioanl 5]

mj ﬁ\’ EJ ) I/—\I m

Scenario A Scenario B Scenario C
Carrier aggregation Dual connectivity Standalone
NR with 5G-CN' and NR-U LTE with EPC2 and NR-U NR-U with 5G-CN

Control Plane (CP) routes shown for Anchored NR-U; User Plane (UP) routes depend on network design; 1. 5G Core Network ; 2. Evolved Packet Core

Source: https://www.qualcomm.com/content/dam/qcomm-martech/dm-assets/documents/how_nr-u_can_transform_what_5g_can_do_for_you_0.pdf

o0 JS Lab
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% Anchored or Standalone NR-U:
« BlO|MA EE= S AHER-D HHS AHEYHS Ao ZHIY HELT 5
* LTE-LAAE T E H|HS AHEZ O M ASH7| et 2to] M A XY WM A(LAA) LA 0] 5G NRO|A
X HECH BHIY HEST ARXHMNO)Zt EclE F7t £ AT 71UX U 7t = st
AHEZLZL 7|5 MH|A FE(QoS)E 9XI5te & YetNoz FME: 0N E i Ast= Ol 78
Zo 2 o4 EICE NR-UE SAAIAXEZL o]2{st OtH| & s dst= Ol =82 & + UCH

Alleviate spectrum Advance
constraints for 5G private networks

Licensed spectrum Unlicensed spectrum Shared spectrum

I X X JS Lab




VI. NR & AlLIZ|2

% Unlicensed spectrum can support demanding lloT

- B2 MANM AZH 2UHE HEHZ(TSN)O| I A 2| ESHH, 56= 7|E TSN HEHIE FHSHA

=2 T O
HEZ 5 A= BESIE SRS MSeCt 37128 S7, =W E oS X[H HS(CoMP)E St

80 -0
CtE E44 X[ ™ (multi-TRP), E4HEl X412 X X|H S4(eURLLC) S lloTE $I$ CH2 56 X| &
|5k 25 HOE SHHAM NR-UE Sl +=5& = QUCH 3 22 6GHz H|HE] C{HOo|
H35ts G2 tjdZc 2 Q5 6GHzS| NR-UE lloTOA S0t HE2 & Aoz J|Cygict.

n PN
- n o "SI

Today, unlicensed spectrum In controlled environments, Synchronized sharing enables
offers unpredictable QoS QoS becomes more predictable  CoMP and more predictable QoS
XX |  JsLab
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< NR-U H£ RAN 74 AlLtE|2

a. Carrier aggregation

b. LTE-NR dual connectivity

c. Standalone

d. DL-UL

e. NR-NR dual connectivity
~‘ oNB M oNB i oNB ~ gNB oNB ~[« gNB ~ « eNB l eNB
L) o~wy U or-yy () @B [} oNr-U) (NR-U) | (NR-U) |} U ow L} ovr-uy

N\ N\ 7 N\

UE UE UE UE UE
licensed  unlicensed / licensed  unlicensed unlicensed licensed  unlicensed licensed  unlicensed

(a) Carrier aggregation (b) LTE-NR dual connectivity (c) Standalone (d) DL-UL (¢) NR-NR dual connectivity

Source: https://www.researchgate.net/publication/336786850 New Radio Beam-Based Access to Unlicensed Spectrum Design Challenges and Solutions

I X X JS Lab
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VI. NR & AlLIZ|2

* NR-U Z[0]0t2 AlLIE|2

a. Indoor sub 7 GHz
b. Indoor mmWave

c. Outdoor sub 7 GHz
d. Outdoor mmWave

*,

Indoor Hotspot (InH) Mixed Office
3+3 configuration, 2x operators
- 120m

8 8
2 g

Operator A

Iy

80m

(a)  Indoor sub 7 GHz

Outdoor Urban Micro (UMi) Street Canyon (i)
3x micros per micro layer A
2x operators per macro cell 1}

=

! m é

f A

v (8] o
4

Operator A Op.

(¢) Outdoor sub 7 GHz

o

u

3

)

(B

Indoor Hotspot (InH) Mixed Office
6+6 configuration, 2x operators

- 120 m >
! v Bt o] ="
| i YW E, P &

(b) Indoor mmWave

Outdoor Urban Micro (UMi) Street Canyon ‘
3x micros per micro layer ”
2x operators per macro cell

A\P%
W
=

= "} oW

J n
(8]
4 )
5 U
{1
o

Operator A

(d) Outdoor mmWave

Source: https://www.researchgate.net/publication/336786850_New_Radio_Beam-Based_Access_to_Unlicensed_Spectrum_Design_Challenges_and_Solutions
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VI. NR & AlLIZ|2

*,
0

% NR-U H{ZE A|L}E|2

* NR/NR-U LAA
LTE/NR-U DC

« Standalone NR-U
NR/NR-U UL/DL
NR/NR-U DC

Licensed Unlicensed

UL.DB\ ﬂ/ UL.DL

Scenario A (NR/NR-U LAA)  Scenario B (LTE/NR-U DC)

Licensed Unlicensed

UL.D'L\\ 7Y uLpL

Unlicensed

UL"‘.“' DL

Scenario C (Standalone NR-U) Scenario D (NR/NR-U UL/DL)

Licensed Unlicensed

UL\ ‘/DL

+ 'C-p': Control plane

» ‘U-p": User plane

+ NGC: Next-Generation Core
» EPC: Evolved packet core

Scenario E (NR/NR-U DC)

Licensed Unlicensed

U[__['i\ ):( UL.DL

Source: https://arxiv.org/pdf/2012.10937.pdf?fbclid=IwAR238I3GNVgyowKn30r61UH7)zFbp8jCOWqdvR hURWNQFQGrLI2QhgMnBY , G New Radio Unlicensed: Challenges and Evaluation

o0
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VI. NR & AlLIZ|2

% NR/NR-U LAA.

» 5G-NR 40| H|Z3st= 3|7} 7H2|0{2t 56 NR-U 40|
HS5t= HIHS ME|AZ2 FHE CARE

Source: https://www.techplayon.com/5g-new-radio-unlicensed-nr-u,

Carrier Carrier

Licensed\\‘ D ,// Unlicensed
UE

Carrier Aggression (CA)
NR/NR-U LAA

®*o 0

| JstLab
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VI. NR & AlLIZ|2

-

% LTE/NR-U DC

«DC BEE LTE 22 ol MH|ALlE 3{7}E 0|5 EMAIRL
5G NR-U B{EC 2 MH|AL|E= H|HS 0|F SLAIRZ 7

T ) il e
N\ D o

Licensed

Unlicensed
Carrier Carrier
UE
Dual Connectivity (DC)
LTE/NR-U LAA
Source: https://www.techplayon.com/5g-new-radio-unlicensed-nr-u,
XX | Jstab
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VI. NR & AlLIZ|2

< NR-U Standalone

* 5G NR-U MEZ{0M H|Z5t= H|HF 0]F SLAIR
TEE SEHE zoo|f, AMd HESIE 298 I 8

>
Y
>

S
NR  ((tp)
e &)
Downlink Unlicensed
\ Carrier
Uplink Unllcense;\ D

Carrier

UE
Stand Alone
NR-U
Source: https://www.techplayon.com/5g-new-radio-unlicensed-nr-u,
XX |  JsLab
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VI. NR & AlLIZ|2

< NR/NR-U UL/DL.
* 5G-NR 20j|A HZ5t= 20| A MH|AE ZES10] UL
EX2 518511 56 NR-U 2HIU0|A HZ 5= H|HD|
MH|AE ZESto| DL S4E 8E

&
o .

W
NR ()
PCell (( ))
Downlink licensed
\ Carrier

Unlicensed
Carrier

UE
Stand Alone
NR/NR-U UL/DL

Source: https://www.techplayon.com/5g-new-radio-unlicensed-nr-u,
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VI. NR & AlLIZ|2

<+ NR/NR-U DC,

+ DC EE&= 5G NR Z0|M H| S 3= 2o d A AMu| A2t
5G NR-U Z0| M H|Z3es H|EHE Mu|Aaz 74

NR-U
PSCell
Licensed\\ D ‘//' Unlicensed
Carrier Carrier
UE

Dual Connectivity (DC)
NR/NR-U LAA

Source: https://www.techplayon.com/5g-new-radio-unlicensed-nr-u,

XX |  JsLab
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VI. NR & AlLIZ|2

AR OF7|HH (ZE HY X

—1

o:o AI
] #a))

a. 5G NR-U2| A|AH] o7 |ElX

28 GHz licensed spectrum 60 GHz unlicensed spectrum

b. BE AIgXIe| 2o A2 SGNRU
THE 25 HE. oNRys

WiGig Operator

c. 5G NR-U AtHx} 329| AZM
3712t WiGig AFE X 129]
WIiAP7} &

An apartment of a building

~ Small cell/WIAP coverage

Small cell UE of 5G NR-U 2

Floor 28 GHz and 60 GHz

A 2-story building Coexistence of in-building stations of
) 5G NR-U and WiGig systems
(<)

Source: https://www.hindawi.com/journals/wcmc/2021/8661797/

I X X JS Lab

172



VI. NR & AlLIZ|2

& NR-U/Wi-Fi 228 H7I3ts o ALRElE 3PP M2 EE2X|(A = 1.5)

<+

20m a Exc/zone
* Wi-Fi AP Q for/users

Exc. zone

20m 40 m 40 m 20 m ® NR-U gNB : \ l
T I for small cells 366A :
20m | : m

3GPP indoor evaluation topology for NR-U/Wi-Fi coexistence A Wi-Fi AP @ NR-U gNB small cell

Source: https://arxiv.org/pdf/2012.10937.pdf?fbclid=IwAR238I3GNVgyowKn30r61UH7)zFbp8jCOWqdvR_hURWNQFQGrLI2QhgMnBY , G New Radio Unlicensed: Challenges and Evaluation
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VI. NR & AlLIZ|2

< WI UAVE H|SZ 3 NR-U O}7|HX

NR-U N MCG
Switch Bearer 3pli Bearer
SDAP SDAP

wIiD

MgNB

N .

Upp. "R

wﬁ“"’w b‘
UE

Source: IEEE Access, 6G NR-U Based Wireless Infrastructure UAV: Standardization, Opportunities, Challenges and Future Scopes
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VI. NR & AlLIZ|2

< 6G NR-U 7|2t W| UAV B ZE A|L}2|

Terrestrial Network

AL

(A2

B2
HAPS :’ Ty =7
. - v2umu2a
: t—.—.':__-* PA Aerial Link
g —— NR-U Link
£ MAPS 4__:‘4 "'LA { in
= > \
5
5 g
LAPS g u2U . -
T kel U2 -, R
WIUAV
W [Ll; ‘:’\ as Data
s b Collector
L

M ! i
o Gt - W7 )

Skm

Skm

Use‘:lE
6G Core Network Alttude from G 'ul‘\d Low
Source: IEEE Access, 6G NR-U Based Wireless Infrastructure UAV: Standardization, Opportunities, Challenges and Future Scopes
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1. Wi-Fi 7 7|=1t MH[A

Il. Wi-Fi 7 88 MH|A 70

IV. NR BEECQ| gH

— AL

V. NR BEE 7|&
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ViL 28 7=
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VII. &2 7|=

d

*,
*

2 56 AMT ADEZE FHIXR ST XH(AE5H)
* 5G+Wi-Fi 6E AtMIC AO0IESE HE/T 2E 7= () @ hm (Wi ) 6] hm

e

. E3| 5/2: 56 NR-U % Wi-Fi 6F 3 2M7|7]2] AlLj o = n] MR
HMIGEH 7|F HE50mW —1W) 3| 3|8 =“ -

- HxjE £ HER50mW)2 2 DHESH £7| 1= H| 20|
225U 7|F &3} Al(1w) HI0|E == AHE| F7t=2 #2 A
HEN LRt .47 MX| 24 A2 (1/2 £F)

s T a AU T AW CXY S X Pl A2Y KOS YU aE REY AU ALY
- £ 5| -8: 5G NR-U % Wi-Fi 6E &3 2MdH|2| MLY Qte|Lt
HOjo|S8 Zaeh HAUL 7|FE 48 (2dBm/MHz - R
8dBm/MHz) N e T
& 224 £XXY, 4RY 56 2M AT ap
5G NR-U WiFi 6€
i Ry

Source: http://rfz.go.kr/?menuno=2068&bbsno=55&boardno=218&siteno=18&act=view&&ztag=rO0ABXQAMTXjYWxsIHR5cGUIImJvYXJkliBubz0iMjEilHNraW49InJmel9mYXEiPjwvY2FsbD4%3D
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VII. &8 7|=

% ZH 56 XHMIC ADIESE AHAIRSET XF(RHSEH)
< ZEZ lloT 7|% C|X|E EQ X[ SHLAIAH- (0) [ e T
- XAHBOIS HAMLI|SS U FAYMNAY HY T S = 4 = i
* 5G NR-U(New Radio-Unlicensed) 7|& : E4AI7L ALt T v T amns
U= 56 M CiY(5G6 NR)T} H2|, H|HE Fops= . ' -
% (6GHz)0ll H83t0f, SAIH|g T2
» Wi-Fi 6E 7|& : 7| & Wi-Fi 62| 1t CHH S 6GHz7HX| . e
2ty 5tof, wi-Fi 6 CiH| WHE £= & 7kX|0f, Hajzhdo| 5 & g e
aae T s g
- =
= 234, 2-XXY, Q§Y 56 S A=
SG:R'U W?F-inGE

o
- - -
& W Y aﬂ

~

Source: http://rfz.go kr/?menuno=2068&bbsno=55&boardno=21&siteno=1&act=view&&ztag=rO0ABXQAMTxjYWxsIHR5cGUIImJvYXJkliBubz0iMjEilHNraW49InJmel9mYXEiPjwvY2FsbD4%3D
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& 0|=m}3
o AYAHEFAY 22E BEF 7|9 5GAOIEZE 1%
& XA |1oT7|4 C|X|HE 4

X
« O|Zm 3 &= EfEUMAS (2= ot AT HAANHU(O|=1tT, ESHA|E, St LESEM)Q| FRAIAUXL
« 1A%}0| = WIFI 6E LI ESIE E8510] XtMICH ADIEZE AMH|A HESE 8
- EfE MU0 RpEAI=SEK| FHMMEZO IMS(Intermediate Shaft) 37§ 2+2! MH|oj cisl S
QI AEE|4.03 M| EE=H|=H O|E{FZ 2l X}A2t2| = (AAS, Asset Administration Shell) #Z4S HH
« AASTHZE S HE% 7| JU ME0ME 2 ZEHO|L HAEHE 21010 A|HEHo 29 HE5l= 4
CHE20[X[2H 2 MM = AEXHES MistE Sitefolo] HEHE HE

I}

2
=]

t

Jo4

Source: OFO| E| G| ¥ 2] (http://www.itdaily.kr),
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VII. &8 7|=

+ £3{(0ll): Nr-u 42| prach 4

- 7 2IE|2 H|5|7} (NR-U) ¥2] £2] E HM 2 X2 (PRACH) 0| 7HAIEICE UE = &4 7|2] (TXOP)
2 E£ TXOP 2|50|M PRACH S48 8% +& Ok UE = TXOP & A'E3l= ZE2|YS E=
S8 Ho Mzet Z2 Mo UZE RUEYSICL UE & S5 HEH AM2 2A0|HES Zedt=
HE HH A =RS ABSIs, B TXOP 2|72 SHES 2IT A2 WEH YM2 FHE g5 s
2UCE UE 7 O 115 & HESHK| R3HH, UE = 7|X[F 3t 22sto] 19| 9{X|2] Y wWake| i gdt=
HE HM A A0 MM X2 WY YMA M E SABCE AHX| POl Hof M=ol HE X
Eg|H dz29| =4 Al UE = TXOP LHOjlM HE N2 2HE S4UE =2 AL

¥ — ¥ s

108l \ N % = '@l

RN
A s X [j \ 2523+ Cew [
L / 1 -
Tose! \ /\w ;.
% g;m"- A &h uE i
L ¢® | L
Source: https://patents.google.com/patent/KR102212101B1/ko - n
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VII. &2 7|=

&{(0f]): Radio link monitoring (RLM) procedures in new radio unlicensed bands (NR-U)

5
- B 7HAIS] S FM EMES T HX] U WHS HSStCt stLte| BX|= stLt 0| MQ| XX AL
7tset FM @3 2LUEY X MZ(RLM-RS) HE2| M= EHO| waf 52| =41E RLM-RS
HERFE oL} 0| 4o %X A 7t58 F4 3 2L EHY B MZ(RLM-RS) MES MEst= X
3|2 E ZESICL StLt 0|49 X|E ALE 7}58H RLM-RS ME2 & W] 7t 7| ZH Liof] =L LICE M2
3|2 it O|AtO| £| X AL 7H5$H RLM-RS ME0| & 747t 2H |4 HC} M2X| (RS
AP LIt St} o] Aol XX AR 7hs T SiLf 0| 42| RLM-RS ME2| & 7} |8 $HLCI &2 A=
AYEH, HE| 2|2= M1 "7 7|7HECH 2 X2 "2t 7|17H2 EE5ta, M2 E7t 7|2t ol H|HE
CHEOl A RLM HAE 3 TL|CE

Source: https://patents justia.com/patent/11405813
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-,
o

5{(0fl): System information update for nr-u
_Hr'

oo =, H|HS] AHEHM AL FH(S)E HO0|ES?| #l3 HIERI =0
oI5l +AE|= WH2, SI +7d AZHo| sI YHIO|EE +Al517|2 AP, S| 7 A7 0|0 &2
59| 51 HOI0|E 7|2t2| Z} 51 YOOI E 7| Zhofl Chal 2 FX|= s1 YHI0|E LS HEd= A2
Z@eict. sl YO0 E §X|= UEZL L0 EE SIS 2S5 0F St A0 Ciet s1 =73 Al7te]
HBAS ZETICE Y5 HAK0)A, O] Y2 s1 =7 A[ZH0| X| ¢t F5=2| s| HO|0|E 7|2 T
HO| & StLte| sI HEHO|E 7|2t S I YH0|E €30 §3H2 2 MEEIX| §UUCHE HS
BTt 24 ClHIO| A7} SA| HH|O|EE SIE 2 Soj0f BIChs EAS ZRSHE SI YHI0|E €S
T Cjufo| A2 HES= AS O ZFELCH

me Jm

Jo 1o

300

312 - receive a Sl update notification from a network node, the S| update notification includes an
indication of a SI modification time for when the wireless device should acquire updated Sl

|

314 — acquire the updated Sl at the indicated SI modification time

Source: https://patents.google.com/patent/KR102212101B1/ko
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