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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

Product
development

Placing on
the market

operation

( Product vendor ][ Operator )

Mobile industry view:

Source: Dahlman, Erik; Parkvall, Stefan; Skold, Johan. 5G NR (p. 47). Elsevier Science. Kindle Edition.
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% NR-U

*+ 5G NR-U= 5G NRC| {22 %5 R EZR H|HS| ABEHN M AR S HSt= AFRO|ZHH F7LE ALE
« ADLEE EfE3S], L EF, loT C|HIO|A 5 C}ESH ClHIO|A 31 Of S2|#|0]H0f| 1%, MX[H HEEZ WS

QI_
* NR-UE 2014410 H2 TUE LTE-LAA EES 7|tk LTE-LAAE H|BS| FL0ME LTE HEYIT}
RS A Ol 2 X|QSHH, NR-US LTE-LAAS 7|4t

= o= 50 L3t 22 02 7t M2 7|88 F7t
o O H2iYgE x|

o O B2 AR XE

o ZEEX|HoJAS M MBI JHOIRE BS 28}

b3t
o 017IE AHE-OAM ZE5t= 7|E 56 HEYA0 Hls| EF % A Lol 2| Bi=E Aoz o4

o LMY HES HIE 22X UES HM3T = Ao, H7tE AHER-0| HIE X %E XH2R 56
L'IIE 39| HelE #HFSh= o AT = US

New Radio-Unlicensed (NR-U)

License Assisted Access, LAA (2151 T X| @ F%): LTE YoM 7|X|=0| 2] fAS FR R4 SUME ALESHD, Bl 2L (1AS BX Q4 QU2 AH&sHs 29t | 3(CA: Carrier Aggregation) 7|2
*e 0 JS Lab
.7l
.
% NR-U

» New Radio-Unlicensed (NR-U)
* NR-U2| EX| & X[&5t= 371X 2E
o Carrier Aggregation H|HS ABHEHD [
E42 HolH= S{7tEl AHEHS SoiMT
o Dual Connectivity: H| 5 *‘”'EE*%
Egjf o2 E 23 dA Nl HEE 22
Egjgs

o Standalone: M| & AFEX} S22

I X X JS Lab
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% NR-U: NR-Unlicensed, NR in unlicensed spectrum (Source: TTA)

- H5| 2E 8 Y (unlicensed radio frequency) Fot+E AFE3H= SMICH 0| S&4(56) 74 & 7=

AL(NR), 3GPP| 56 24 B 7]% NRS 98] BER 0 FN4E ABI0l ToeE 28 Lot

o YHHHCSRE 0|5EA AAH2 0|54 A7 HREERE 0|54 852 (71 T HEE W2 Fo (192 AHBSHAIT,
Fht4 S8 0|8 Mo met 253 sS40 0|83st: U3 2HR Y Foi+E AL8E == UCH 3GPPE LTE7|E2
BESISIHAM 03 22 1Y Fot+5 A8ste F4 HE WAE 128 gln 0] WAlS LTE-U(LTE-Unlicensed)2t 1 3Lk

o U3 =2ER Y Fhai+E AESI0] O|S &4 AlLHE FHE W 7t 2% HE 7|0 siE Fat+=E ME5t= CHE 84
AlA”Eto] ZES 1{siof BtCh= Z0|Ch Wi-Fi, Bluetooth S 20| BH EHR (S ALESt= 84 A|IABS0= i
Fo+E M2 ZHSH 3/ + UE 7|£0| ZEE|0f QUCH el 1TE 242 0|5 &4 A|IA-0E= 3/E = Ue 7|80
EOtE|X| QHOFM A|AEY AtOjof ZHifO] WZ &= QUCE O|F siZSL7| fIs CHE &4 Al2HI JEY £ A= 7|8 F7H8 A0|
05| Y K| T LTE(LTE-LAA: LTE-License Assisted Access) 7|&0|Ct. #D 2 CtE SA A|AET 3E517| 23 CHEX QI
7|5 &2+ YH|E[(LBT: Listen-Before-Talk), & ¥ & 41(DTX: Discontinuous Transmission) S0| ULt LBTE= &4 A|AHO| MBS
S| Hoj| i Fai-& CHE AIA”O0| ALESH=X|E HA =215, AA83t= AIL™0| S W M2 & S4l8t= 7|&0|Ch
DTXE 4l A|AEHO0| S48 OtFl 12 0ll= $4S FH6I0] CHE A|AHO| oY Fot+E AI8E 5= JAEF st= 7|&0|Ch

o 5G M FH VISNRE BE =T YoM ALESH7| R M= NROIl LBT, DTX2F &2 7|=0| Z3E|0{0f BHCf E3F NR2
7|E2| LTEO] Hls @M {2 #Y S Z(Channel Bandwidth)2 ALE517| 120 Zt=2 NROY| AHEE S 222 Y F7t

ZHE najg Tast Ao

o 3GPP Release 15 NR 712 2| Mini-slot(55= non-slot) H&%412 NR-UO| LBTE HEE U AtETHICE £3F 3GPPE NR-UE 98l
7|&E2| 5GHz THY 2|0f| 6 GHz~7.125 GHzE F7t2 T2{5} %L NR-UE Release 160{ A] % 2|o} Lt

L XX | JstLab
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e

% 5G NR-U= CtS1} 22 CHYst A2
At E 7|CHE 5= Ut
DHIY T Y: NR-U= AOIEE EfE3E]

AI-LINK Debuts the World's First Cloud Native Industrial 5G NR-U on 2023 MWC

TES0| 26t Y S MSSH= ol AHE
c D BM A NR-US JPET 7|0 D

UE4002

7 HHAE HEotE O AL

5
. Industry-Oriented
. MQIZ IoT: NR-UE MM X oxofo[gje 22 | o0 e S
{\_l-a_g_ loT ElHI-Oli% g:’g‘é‘l—% Eﬂ A"% e \nc!u:!r‘ml F’ro[c-cno-n‘ B
. ADLE AJE]; NR-US ADLE AISE, ATtE ==
FA & £0tE AE| O Z 2|7 0|8 S X|¥st=
|:1| Al.g_ Deployment Mode

NMS/SGC-CP NMS/UDM
On Cloud On Cloud

= On-Premises On-Promises. | on-promises

Private Mode Cloud Mode Hybrid Mode

XX |  Jstab |
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< AWS Private 5G

. 2HO|A0IH Zato|y Dt WEHD HE U B

e
&%
243
ze|
=3

Sk 0o I =

Order

From the console, specify

the coverage and capacity
requirements for your
private mobile network

L
AWS Private 5G
Deploy, manage, and

scale your own private
mabile network

Manage
Operate and manage your
bile network and

onnected devices as any
other AWS resource.

Source: https://us-east-1.console.aws.amazon.com/private-networks/home?region=us-east-1#

Install

AWS delivers your network
hardware. Attach power and
internet connectivity.

Activate
Open the console and
acknowledge hardware
receipt for automated
network configuration.
Insert SIM cards into
the devices to connect

Scale

Easily adjust the network
capacity and number of
connected devices to match
your business needs.

®*o 0

JS Lab
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% Cloudify: AWS MH|20] 56 HER3 20| HE

- HE|E2t2E 27| AE2||0|M: Cloudify is for multi-cloud orchestration
- OFOFE AWS H & (0fl): Cloudify architecture on AWS.

First phease seiect your envirormentis)

Configuration

Systems Manager Config

SIM 7t=

56 A24 5G RAN

&P cLoupiFy

Infrastructure & Workload LCM

RAN s 2aeE

AWS SDK/APIs

pmentKit  CloudFormation

ﬂb Corporate Edge

Heg

u MEC

MH (2RU)

AWS Direct Connect

Service Assurance

Source: https://aws.amazon.com/blogs/industries/implementing-5g-network-slicing-with-cloudify-on-aws,

o0
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% 5G communication opportunity for Industry 4.0

\

/".7- N
Reliability

™ -
Security ) [ Latency
- / _d

-

axt A

(4IR, The 4th Industrial Revolution)

>

5G for Industry 4.0

Zx{x| ot /ISewce Den5|ty \
b and QoS 4

"\\____/

Ll /" Ease o-fk\
\erloyment

1ms

JS Lab
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. 7

. L1 mTLA Il AT A
< H|HS FIis 7|20 MH|A (NR-U)
*, 748 2 A . =
% 5G2t ZghEXx5l= H|HSE 7|=(Wi-Fi, NR-U) Mse 2 nes} FeEk
18 GIOJE] B A8
A
POl ﬁ"' ‘é?gﬁ *
— vzx AI :%aj’;
! = c8
BE AAFHR% A
‘5\" - BI7IAE
283 wEs  vax
Holel 50 e #y2y
23] Py ]
Wi-Fi 5G A% #x
e 2 T5G s e
56 4508 D& 204 3ty -
- RPHICHWi-Fi/ BIBIS 5G| o 020k:=
7 66Hz ) 23 28085 .‘“‘ I a2t somees I
7|2 HE S A R0|A 374 " : m———— A =
e s 5G-V2X : 5.96Hz BGHz 018t (B2 LT ¢
@ ZI4: 8% - W2 SE : 433un: T i Cpyr—- &
- T 2.4008 Vediad 2
= #AA|O] : 706H: Y e
mmWave (DCHS)
Source: 5G+ AHEH ZHM, N5ty £HE ST
®e O JS Lab

12




. 7R

% of enterprises

=
)

0

HZ ™= (2022-2026)

4157} 7|92 A2 2 F DeloitteQ] _;‘Q_Al,oﬂ (;;d;::gi;:ﬂ Carpeted enterprise Smart city Pl;:l;cr;:ﬂ;m
M2 0[S 7| F 62%7t 00| 5G9 Wi-Fi
6/6ES 0|0 A8t 7Lt 1 O|LHof| ALt
HZl0|2tD EHiom, 93%s S 314 SoF & @ Wi-Fi6or7 only ® 56 only
J|aS = A W&k 740|at ErelC|
1E3 SAH MY 2024 AT Separate Wi-Fi and 56 i} Wi-Fi and 56
®*o o0 JS Lab

. 7R

N
[14°]
lo

MS 5= 1oT T T2 (Preferred 10T connectivity strategies for enterprises)

30

20

A% of enterprises

10 —

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)

®o oo

JS Lab

14




. 71

*

*,
o'

0| 584

| 7|22l Tzt MithE £ 7/ 3%

-

5G &8s} 7|14

=* 5G NR & HHY(5GC)
» X104 ADEE MH|A

5G S¥AMH|A 7|27
»5G 512 3 NR-V2X

»5G ADESE, XIBFH
Rel-15 ('18.6 2t&) Rel-16("20.7 22)

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

oh

2718712 Y BOM, TTA @I 23A)

5G SEHAH|A EEA
=75 Z7h-24st 9l AlAH|A

#5G 7[gt 9l S4, 56 7| uE

Rel-17 (*22.3 2t&)

Rel-182 20249 33
8oz BES WS

™ o

®*o 0

| JstLab
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< 3GPP NR Workplan

(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-18

Rel-15 Rel-16 Rel-17 Rel-18
+ NSAand SA + lAB + NRupto71GHz « Enhancements and evolution
+ eMBB * UE power savings * NTN « Smart repeaters
+ URLLC + loT + NR-Light (RedCap) = UAV (Unmanned Aerial Vehicle)
« Carrier aggregation operation + UE positioning + Enhancements * Network power savings
* Inter-RAT between NR and LTE + Unlicensed spectrum OO « New technologies
- AUML
+ V2x

Rel-16 Ol A= NR-U(NR
Unlicensed) EE3}

Source: KEYSIGHT

- Duplex Evolution
Rel-18 Ol A| H|H5{CHS
AO|ERT BE J|20] Cfst
BED} OY

o0

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

* Full Duplex Operation
* Al /ML

* Lower Energy Consumption x
Artificial Intelligence (Al) /
Machine Learning (ML)

//t\\ ‘ﬁl

Full Duplex Dynamically managing the Lower £ nergy
Operation connection based on needs & Consumption
context
Duplex communication in sub- /Q Significantly reduce network power
bands to lower latency 5 Q consumption
®*o 0 JS Lab

17

. 7

o 2M 71% 8% (Wi-Fi 2} 5G)

* The two major wireless solutions and their convergence
< 0|7|3 Y EQAU M A MEH 7|8 BEES}
« TESO|L} ADIEE § E41 7|7| 50| M Sof| HZE & & A= eee 802,112 7| & BE

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

I X X JS Lab
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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
19
% non-3GPP
* Architecture of untrusted non-3GPP access using Wi-Fi network
o N3IWF: Non-3GPP Interworking Function
56 20f ﬁ ﬁ * ﬁ $
N6 [ DN
®e O JS Lab
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< WBAZ2]| Enterprise Wi-Fis, 2023 PROJECTS ROADMAP

. - Testing &
loT NextGen Roaming OpenRoaming™ |me:: Ienrib'l't
Work Group Work Group Work Group Task Group P Y
Work Group
a n
a6 Signaling Location
56 Information in RADIUS

Billing and Charging

loT & Smart Home Evolution (BCE)

Venue Requirements for
Wi-Fi User Engagement

Decentralized
OpenRoaming Networks

Wi-Fi Networks with
Non-Fixed Backhaul

‘Wi-Fi Halow

Trials OpenRoaming for loT

RADIUS Accounting
Assurance

Projects in progress - New projects for 2023

Innovation Forum Connected

by CTO Group

WBA Certification
Task Group

Market
Work Group

Policy & Regulatory
Communities Forum

Affairs Work Group

Source: Wireless Broadband Alliance (WBA) Connected Communities Forum (CCF) Meeting, March 16th 2023

®e 0 JS Lab
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% Sidelink continues to evolve in 5G Advanced and beyond
/2 y_ /o / -~ e
+ EE - L, = <g

Continued sidelink technology evolution into 5G Advanced and beyond

« EttifosOfl A 2023'H Rel-162
ﬂgg?ﬂ;'@elmgi%%_*lﬁ Research Release12/13  Release 14/15 Release Release 18+
C EE MMOIE et mh Our foundational | LTE device-to- D2D 5G foundationfor Expansionof 5G  5G Advanced
P - e e system research  device (D2D) improvements broader sidelink beyond  evolution of
- - for sidelink supportin 3GPP,  and expansionto applications automotive, sidelink
. QSIE%‘HMWE EF“E(;’JSI " beganin 2010  aimed at proximity automotive for and evolutionto  including device  bringing
& '_Eia 71*)'\;';7(1 ol me services and public road safety support advanced relays for improved
: ﬁ‘lgiﬂa;h‘b*f*r‘ﬁfooi o safety automotive use  network coverage performance,
gEChs Bido R 55 cases ;
+ Rel-182 H|918] Sidelink 0¥ SR efficiency and
z new use cases
L ] (] o © [ ]
Source: Amdocs 5G xXRAN Automation vision
o0 JS Lab
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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

®*o 0
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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

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

Open RAN Amdocs focus areas

SOFTWARE
AUTOMATION

Service Management & Orchestration
Independent | i .  cAss |
Non-gTRIC [TED

to hide complexity

fec t
b ) software provider

Design, invent:
\

N

\
T xep | ]
Near-RT RIC - N

\
\

for the open ecosystem

&t A comprehensive
OPEN RAN AUTOMATION
An efficient & scalable software provider
5 xApps, rAPPs, Near-RT
provider

automation

Source: Amdocs 5G xRAN Automation vision

®*o 0
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*,
"

NR-U 7|8t w1 UAVE| 7|3]

. 8% U #Hu{a|x]
- ZHHEH 2C]UE YEYT WE
. B0 Ztsio} BhH| XS 1]
- Ay B

- AR AE BE g4

| | LowCostand
Secure
Connection

3D Mobility and
User Tracking

Machine Type

On-Demand |
Communication

Network

Capacity and
Coverage

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

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

o0

JS Lab
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< Frequency ranges FR1 and FR2.

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

NR
FR1

4 - 24250 52600
MHz MHz

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

71000
MHz

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

ke Operadons] T— T T
s i ey Deployment capabiliies | ol " Key features
&S = ey . .
Aggrepaed bubuidih: 40 M rmtionrl ol Ty
MIMO up 10 4 streame, MU-MIMO: 50
sorin || e MLlwg | wh7GH: | sandakone (ombcemsed) | Wik MukeFie AL MIMO: up 0 8 srams. MUMIMO: o 10 8
d Modulation: up t0 6-QAM Macri | Moke standioc (snbecmed) | LTE Modabaio: 1p t0 256.GAM
HARG: HARQ: yes
shanacl scves seheme: CSMACA chasmet o sehesme: LET
Arepaod b 216 1t awn | o oy TTE = WoPaWi0ie & | wruwicy | LTE Rebtd + Wi
Aggregaied bundwidi: 2.16 Gl A i ¥ D s rore iy | Wewicy 114 + WG
siica ;s i o — MIMO: 10 8 streams. MU-MINO: a0 ek
2 2 sbove 7 GHz | tandakone (unlicensed) | Wicig v AR [ [N [ ety | Woswicis | LTE Rt + whrvwice
HARG: mo Vel RS
chase access scheme: CSMACA carier sggregation Afgreped babesct 80 Ml
Unlcensed Parhe S G- ccnsed ¢ walccmed, MIMO: up 0§ srams. MU-MIMO: o 10 8
Aggregated handwidth: 160 LAr dual comectivity LTE Modulation: up 1o 296-QAM
) | - MIMO, up 10 § streams, MU wiho d hcensed + unlicensed)
i || e M2lle | wh7GHE | sandakone (nbcemed) | Wi brovmdplgrrien
HARQ: no
chansel access scheme: CSMACA Caicr aggregation o LA
Unlicensed bands: § GHz n . hcensed + ualioensed). = A P 1o B streams. A wws
" g E Rel-15 e E
Aggregated bandwidih: 60 MHz FelAA G WTEReLIS | sub 7 Gl dual comaccsiviey L Modulation: vp o 256-QAM
N . s s MIMO: 1p 0 8 srams, MU-MIMO, up to & Tcensed + unlicensed) HARQ: yes
WU | R R | ERaa2 | wb7oHe | SIS g proovibdedlerie e sk 1
oy Vabemed e 115 6 Il
. Agpropaed bandwidh 160 MH2
. chanecl sccoss scheme: duty-cycle - ’ - MIMO: up b0 § sreams, MU-MIMO: up 10 8
ey pevey wrran | o | OE R meon | LTE Ret-13 5 W PIeT Wik | TG | wuntions (amicemed) | Wikt e e
= - » TTE + Wils cgraion = HARG: yes
e UERes | wh7GHe | e win LTE Ret-13 + Wikt I s bt CIUACA
Ulicensed bands: S GHZ Talicenicd hande: 60 GHF
Aggregated bandwidih: 80 MH2 Aggregated bandwidth: 564 Gz
e N canier aggrpaiion MIMO: o 8 sircams. MU-MIMO: up 1o 8 NI | F— i p—— TP - MIMO: up 10 § siresms, MU-MIMO: vp o §
L e UERAD) | wb7oHe | iR | roihuiigh ey den v s J Modalaive: p to 6 QAM
HARQ: yer ARG 0
s Loseaisd | | | 1 acces scheme: CSMACA
e sl homs LT T Telkcensed bl 23,35 . 6 3T 60 GITF
o i Adaopmied et 00 MY
ocased + malcemed
) - MIMO: up 10 8 sram, MU-MIMO: 10 12
MR orr NRRTT | GGty | Sleomesniy | MR Modulato: 4p fo 1024-QAM
ccmed + snlcemed). g
sommeivicne: (smiosmn) channcl access scheme: LBT

Source: New Radio Beam-based Access to Unlicensed Spectrum: Design Challenges and Solutions, IEEE Communications Surveys & Tutorials - October 2019

®o oo
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Primary standards body,
composed of 7 organizational
partners

H Specifications for virtualization

using IP protocols

ITU

United Nations agency focused
on information and

telecommunications

IEEE, Linux Foundation

o0

CIRNRX

JS Lab
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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,

®*e 0 JS Lab
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"0 F
II. NR-U EZQ| &H
< 5G NR 7|&
* OFDM (Orthogonal frequency-division multiplexing)
» Self-contained slot based framework
» Channel Coding
» MU-MIMO
* mmWave
EP7HsT OFDM 2|8t RUttes ot g 2g CHRY CISUEY 2
24 oIEmo] A oy 3 Y2 |o|&{nt
LR %274 =
g
2FoHst ME-LDPC & CA-Polar ol Pul 28
OFDM Numero

Source: https://m.post.naver.com/viewer/postView.nhn?volumeNo=11764280&memberNo=20717909

multi-user MIMO

o0 a2

JS Lab
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< QAM<2 signal space(%!

16-QAM2] constellation (Gil)

&9
Amp|Q #3214 ololE
Amp Phase Data
1011 1001 0011 254, 225% 1100 o o ee [ o
/
101 ‘f 1000 0001 t ) ') . s e 0 3
1 754
\ 5% = o wrlee e s
\
1101 1100 0100 0110 L R
T N g cRgmlmpe we Wy
1111 1110 o101 o111 M

Figure 2.6.74-1. ignal Consteissin fas 64.QA Muduistion

ot
ok
!
>
il
=
Jir
B>
ok!
re
mjo
P
ojo

of

®*o 0

64-QAM 1024-QAM 4096-QAM

Ay

Phase

? H 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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% Waveforms and Mixed-Numerology

% OFDM AlZ9| AHE

1
FDM
B 05
Individual Channels g -
. E
O o \ A Z 0
f \‘ I/ \ f \ \ / \
L L] L)
Froquency -05°
OFDM
Channal 0 Channal 1 Channel 2
A A A @
pe BN L A s e A - 3
3 ! =]
Overlapping Sub-Carriers fr oy
i SN S, B T =3
/ / 29900006 XX XX £
"‘/"-"/“"\r"" TAYAY <
/ \ i / { VY
LLECEERIEEAEE LU (RS
Frequency Ll

3 4 5 6 7 8
Subcarrier Index

1 2 3 45 6 7 8
Subcarrier Index
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1
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& HBIIE

Antenna Antenna

One Radiating
Element

Main Lobe

Two Radiating
Elements

A Z U (What is 5G beamforming?)
-2 "2| 214480 (Beam steering): SIAHEE o

Main Lobe

Side
Lobe

Side
Lobe

Antenna

Four Radiating
Elements

T SEE XYY 74

Obstacle

Obstacle
1 3

Obstacle Obstacle

Antenna

Four Radiating Elements at a
common frequency with 45° the
other with -45° phase shift
supporting MIMO for increasing
SNR and channel capacity
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©s 2M BE

< 3GPP H

2

Rel-13 Rel- 14 Rel-15 Rel. 16 Rel-17 Rel-18
LTELAA LTE-LAA LTE-LAA “l, A Study on standardization
4pyase y¥uase acasn 4| (o) rends of cellular system in
unlicensed band, Hoiyoon Jung,
Jungsun Um, ETRI
= NR 7)% HYloT  AOIEY
5¢ Rt
= MulTEfire Alllanceoﬂ*‘l 7H'£?J mE| Io|oj= H|H 5{ N
CHHO|M LTES| I CHE O S48 LTES| SYY i .
MO 2 X|QHE|QICE. MulteFire 1.0M.1 5G MulteFire
c & LTE standalone operation (non 3GPP) 5G standalone operation (non 3GPP).
= O] A2 H|HS AHER OF 7|2 ol JAG 72|0{2 SO
AI2SIH &3 FY SAEJHLTES HIZ & 5 Y= Zo
7|3 & ®ISEct
- s E“g‘,?“M-I.'Egl S2Y N2 oloCiols Ay m:::x free Uplink NR;\:: flavors: Anchored (Based in
O] AZ20| 2. of o K L hnbhdal =z - S
;JGEP;INT_E-ETIEE 2 I%Til;sgll é" 71} l*_7||_1|§E°_%Hg°17 L eLAA tsr;\nsn‘lissuon %:J.LAA, and standalone Sub
EAHER o= E a - Signaling z
ApEiRtol| ol H5E| ACF a - Supplemenal o pomensel effciency - UNilbands
[] Downlink + Dual connectivity + CoMP
@ e i k- LAADowniink
Priority (CAP) ¥
* Sub6GHz
* LTE-Unlicensed, LTE-U + Licensedsignaling Release 16 Release 17+
channels
. . ]
= License Assisted Access (LAA) e 14 Release 15
F 1
= enhanced-Licensed Assisted Access (eLAA) Release 13
* Further Enhanced LAA (el AA). S\ ~
Source: https://www.mdpi.com/2079-9292/9/10/1701
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I_

<% LTE-LAA(Licensed Assisted Access)

S7tot= 2HIY HO|E =28 S5517| 918 7|=

A% BEE HY Fo (19 S ALESI, ERA| F71H 0
LTE 71717t &7}l
OIS S°f Hlo|E| =2 88 =Y =
7i2|of ofa2| A0l 7|

$ EAAE D155 We AMERS ABS T 12 BAAE

ol2 Hipnj
ME T

Primary Carrier
Licensed Spectrum

Fk4 9|0 5GHz CH T} 22 H|HS| Fo5ol HE
otz 27} B
2 AFZ3101, 0j2] 79| LTE 7H2|0i8 ZBs

®3| Foi4ol PHAIE M5, HIHE Fo4ol 8 2NN B

Secondary Carrier
Unlicensed Spectrum

st H

ot H|HS Fits LY AL
2+ QUESR 5t 7|20|H,
42 A EI HH 2| X| S 7HH
b o H2 YRS 44

S0 7ks
B &

S WX Qe AUES A
@Nol2ts £ 7| B

[\ [

LTE-LAA 7| &2 HIHHCH RS
AL8&3h= WiFi ote] 3&E0| 2
O+ R 204, WiFi 2+ J‘1I A o M
BESO| FHojsilen, 3T 27 xHoR
7|E WiFi qm 105 LTE LAA IS =)

LTE-LAA = 7| & Bisi0i Y 72|05
0| 8%t 7|X| 31t Chtol E41 AIHO|
O| 20| T HEfOAM I} o2
23T} FH2|of & Fh2|of Y
(Carrier Aggregation)S}0] ’“7%"0‘

WHSHAS W, LIOX| WiFi EHo CHEh A2 fAE g gatcts Waloz %
k] ’SSSU\ Mool x| Y= e FE BEESL Y -
-
Source: Dahlman, Erik; Parkvall, Stefan; Skold, Johan. 5G NR (p. 105). Elsevier Science. Kindle Edition.
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|_ = -
- o =
< H[ES AHEZOAM2| NR, 2t0[dIA X|H ZF(2F) U &H SHF(RER)
LAA scenario Stand-alone unlicensed scenario
Licensed carrier Unlicensed carrier Unlicensed carrier
(mobility, ...) (user data) (mobility, user data, ...)
(1) Celfl (cIff)
\ NR-U HE2 B6{0h%f Fhalofet \
LTE-LAA Ol A& BI5{CHS SEXO2(Standalone) 2 2 A8 F
7§2|0f7} Lo HIHS TS H&0 @ = ACh= 20| 3| Ch2C)
O &t HARQ(Hybrid Automatic Repeat -
- reduest) &S HoltAS Sl =& NR-U &2} 20| A WiFi 22
Y2 ZEY 0|79t LTE-LAA 9F
Y2 IZE 0|7z s ZsL| QI8f
LTE ] Mg TS A HAYME 1BAS
- LTE-LAA EE S 8
NR
Source: Dahlman, Erik; Parkvall, Stefan; Skold, Johan. 5G NR (p. 105). Elsevier Science. Kindle Edition.
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% From LTE-U/LAA to NR-U

d to
egral to
R use cases

Vision: High-performance
cellular in unlicensed spectrum NR-U

@ O
N

oy - -
Introduce “y Wi Rel-16 Rel-17
Standalone . . */ L
rivate NW MulteFire @ " “e - -
p Introduce Discuss 1#DEMO Aliance Spec

Synchronized NR-U @ ()

Introduce 1* DEMO
L
€ ( Jam) ()
Study 1% DEMO Wi Trials Rel-13
Add-on boost LTE-U @ () () () ® ZO_Zi‘rj 33 01I’.‘31Re|—18
Introduce Forum 12DEMO  Spec Trials HEFOf| M H|HSCHS

Ato|E33 BEFES}

| 2016 2017

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

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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PCCH BCCH CCCH DTCH DCCH CCCH DTCH DCCH

Logical i .

channels
Paging Control Channel (PCCH)
Broadcast Control Channel (BCCH),
Random-Access Channel (RACH) 2:;:\?\[:: T
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) Physloal, e s DR e b e es st aaes dﬂ ,,,,,,, oo
Uplink Shared Channel (UL-SCH) channels

Discontinuous Reception (DRX) PBCH PDSCH PDCCH PUSCH PUCCH PRACH

PBCH Physical Broadcast Channel

PRACH Physical Random-Access Channel

PDCCH Physical Downlink Control Channel H i
PDSCH Physical Downlink Shared Channel Downlink Uplmk
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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a.
b.
c
d

e.

oo 7GHZ D|n|' I Hl

3] UNII CHOl| A CHEsH

7l 293

IEEE 802.11n/ac

IEEE 802.11ax

LTE-LAA exemplified by feLAA

NR-U ZM X & 810] (without discovery transmision)

NR-U ZM Eﬂl‘.’:l ’.‘;'f—; AtZ (with discovery frame transmision)

CAT4-LBT

PDCCH Physical Downlink Control Channel
PDSCH Physical Downlink Shared Channel
PUCCH Physical Uplink Control Channel
PUSCH Physical Uplink Shared Channel

| I I NR-U |
i 11n/ac CAT2-LBT time
- s - o,

s Vi

(b)

Discovery Burst (DB): PDSCHE 27| Z&sH= 23 PDCCHO| =g

DB2t: HCt DB X%

CAT2-LBT

CAT2-LBT

DMRS

SIB1

q—bq-pd—bT

g p

slot

T

SW slot

(d)

Alzto| BD et Yt
Source: https://arxiv.org/pdf/2012.10937.pdf?fbclid=IwAR238I3GNVgyowKn30r61UH7)zFbp8jCOWqdvR_hURWNQFQGrLI2QhgMnBY , G New Radio Unlicensed: Challenges and Evaluation
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— =
- ™ —
o H|HS AHEZ oM NR-USt CHY$H LTE HES| HI 2
* NR-U
* LAA
% LVE-L) [ [[ NR-U [ LAA [ LTE-U | MulteFi
. - - ulteFire
+ 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
i ) FDD, semi-static TDD, dy- | FDD (LAA), semi- | - e e
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
Bineraisti forcatier sansa time, frequency (channel and | time,  frequency time,  frequency
IMENSIONS TOr CATTICT SENSE | 4y dwidth part), space (channel) (channel)

Scheduling dimensions

time, frequency, space

time, frequency

time, frequency

time, frequency

Processing delays (described
_in Section X)
Time-domain resource allo-

I slot: 1, 0.5, 0.25, 0.125 ms
(numerology-dependent)
I OFDM symbol: 0.066, 0.033,

| subframe: 1 ms

| subframe: | ms

| subframe: | ms

cation granularity 0.017. 0.008 ms I subframe: 1 ms I subframe: 1 ms I subframe:1 ms
T~ I Resource Block (RB): 180,
Ceduency-comain | [ESOUICe 1| 560 720, 1440 kHz (numerology- | 1 RB: 180 kHz I 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
®e O JS Lab
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<1GHz 24+ GHz
Low-bands (sub-1) High-bands (nmWave)

Unlicensed

Spectrum
Bands in
3GPP

Available now

Under study / review

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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“ 5G AHEY ALB22 HO|f & £ T4 A HEY WS HIE FH
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
XX JSLab |
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& BLE/OY 56 AMEHS 24 AU
. 5GE Chyst A= S8/ro0| 2 A7ED et

37-50GHz

New 5G band

. Licensed
— nlicensed/shared

=== Existing band

Source: https://www.qualcomm.com/content/dam/qcomm-martech/dm-assets/documents/messaging_presentation_-_4g_5g_spectrums_-_december_2020.pdf
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- al - Fo—y Ualiceased spectrum bands
< 2.4Ghz, 5Ghz, 6Ghz 3! 60Ghz H|H3| LY ZH H|m | ™ o
Sy e
= —
Hiop
o e | e foe b, T
2.4GHz 5GHz / 6GHz 60GHz DA, digil modslain | spuious . esisions mavman  conduted
e ) [T =
. 0je ERE " e oo soione i {142]
« OO £k A3 c =2 UREY g tehRoRpe 2.TIbg. T Tiwax, | S0217a. S03Tiwax, | SOETTax e i TTadny
D dmcuge [ gEAdeA@acHde - ] ] i e
. SGHzE: 6GHzmr | DIESHR AR LM . o = e
gl Fuag Aa 4 2ACHZECHZANZ e SIS | i i
e TGP Relomes Relose 16 (3 NR-U) Release 101112 Relowse 16 (36 NR-U)
2 o
= R T S e
pyrem e prern prvms S T | T i
Sustable coversge — Indooes and oudoons Indooes
5GHzet 22| LTE- Aricnms potem s D e s
LAAS| S oA A Comstramts = Tieantly conpesied "= Liwer coverage (with respect 1o that of e 24 Gz | = Extremely high
«  2.4GHzEC ZZa} + hower data ate bund) penctrsin and puth
20| 2 ﬁﬁigﬁﬁ G LT - et RO
- o CjHe| AHEY ”EB}ZI oS 6GHz . ge AMER (UE e e B
- Ik o mess HEZO:500MHz  eod EE e i ‘
HiSte} 35 o S b i e N - g S T T
o peasiEhl |, GaSh G ges nzEg i S e T || e
= T CC T "’é Lot eich propagabon charactermixs | o A By of a| LTELAAw tossed wgnal somponcnis
gAB NS HIEY  JldvlgSseH; | ga 2l - A Efeiop e | ER I P
CieolM 2S Jl=H0 = o2t 18 U0 £, 2 8. 50MIIDN, | meemsed devices now | o
- HUolA AS s 5 e e
Scol 1zt - R ) o
A ey | e ks s
+e0ltigE 4 Uct I
-

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 5GHz 6 GHz
GHz 580 MHz of unlicensed bandwidth 1200 MHz of unlicensed bandwidth
AFC AFC
Standard power Standard power
DFS
83.5 55 125
MHz z MHz MHz
‘Outdoor Qutdoor + Indoor Outdoor + Indoor Outdoor + Indoor Indoor Outdoor + indoor Indoor Powe
+ 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 25 6875 7125 7145
MHz MHz MHz MHz MHz MHz MHz

e = N A A N A 3
P S } =, ? [N

AP Standard Power
AFC Required
AP Low Power

Client Devices
Dutdoor
L f

AFC= Automated Frequency Controller

Source: https://www.litepoint.com/blog/an-introduction-to-wi-fi-6e-spectrum,

XX JSLab |




« F2T 6GHz &S fITt 7[&=

r
=
El

28 Cistal= o= =4
S0 | S &4 S0t L
AP 5,925~6,425MHz (zgaosﬁ;:ﬂv:z)
SP* = - 6,525~6,875MHz 1.000mW -
Client (AFCHE) a 7aBm/MHz)
= 1,000mW
. 250mwW (5dBm/MHz)
LPI ot 5,925~7,125MHz (2dBm/MH2) 5,925~7,125MHz 250mW 5,925~6,425MHz 200mwW
(-1dBm/MHz)
25mwW
VLP 5,925~6,425MHz (1dBm/MHz2) 5,925~ 6,425MHz 25mw
[} 202010 Al3 2020.7¢ A8 2021.1Q A8 o A
Source: XEMITH Wi-Fiol ZHSIDH BAISHS 918t 0] 5%, MU I AMATFRE, Holp
XXX | JstLab
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Il. NR-U EEO| &H
< AFC(Automated Frequency Controller)& 9|2t DB 7|%¢t2| Fals= 2| A AH
Geographical dat: Spectrum
et measurements
(" s | Spectrum iahts
Rules, 1g Regulator
Current Use
b Incumbent data
; . Operators
Additional data
Source: http://weekly.tta.or.kr/weekly/files/20214807044820 weekly.pdf
®e 0O JS Lab
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% Unlicensed bands in the 5G NR-U roadmap.

5 GHz 6 GHz 60 GHz

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

XXX |  Jstab
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. | E |
=
% NR-U BIZ BEQ°| 25 H|#|
Carrier Aggregation
ggreg Dual Connectivity Standalone Mode
Mode
Standardization Release 13 Release 14 Release 16
24,35,5,6,37,60
Frequency 5 GHz 5 GHz GH
Rel-17 OlAE AR [oT § Cfat0E z
H S 42| 0|E X[ TtSStES
St BESF TYE|ACE ML E loT . i License + i
o EXl2 H|0o|E M&Y0| BX| &1, Frequency band License + unlicensed p Unlicensed
cidto| M3 AD7FZ=Q 17 unlicensed
Ci&o|H, F7|5el M&o| Lash
HI SO MAE loT EEOAME
A He SAE B2 N O Protocol LTE LTE NR
A83stE S0l xd H& HAt
0]2|0fl Z=H = 0l(Semi-Static) X & Aggregated bandwidth 80MHz 80 MHz 800 MHz
- & HAE FHHez K
Streams Downlink Uplink + Downlink Uplink + Downlink
Underlyin:
ving 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
®*e o0 JS Lab

52



II. NR-U EZ9| &H

9| H|F7| 2 E(Asynchronous) 2} 57| 2 E(Synchronous) H|il,

[>
JE
Im
111
R
40

£l
Mode Asynchronous Synchronous
Name Evolutionary path of 5G  Revolutionary path of 5G
Spectrum under consideration 5 GHz 6 GHz
Technology adoption Global nAasConslcomin
(U.S. and Europe)
Spectrum efficient No Yes
:::(;:::;‘IZ spectrum sharing Lo o2
Syr 1 of No Yes
Predictable latency No Yes
URLLC Not supported Supported
Time synchronization Not Needed Needed
COTs6ms
Channel occupancy time (“COT") COT < 1msec COT<12ms
Coordinated multi-point (CoMP) mode gain  Difficult to realize High probability

JS Lab

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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< 7GHz 0|5} SOHY Fot+ HLM A 56 NR-U2| £4.
- 0|3, EU U St M= Sl H|HS X of CHs 5.925GHz ~ 7.125GHz(XE £ 6GHz) Fhts Hel 7L 7HY

-, mm Wave |SM

UNII

5.1 5.925 7.125 57 64 71
| |
/ | |
H ’_ ]
Industrial Scientific Medical (ISM) band at 2.4 GHz . y
o B : UNI-8
CBRS or Citizens Broadband Radio Service is 150 ‘r" = 4 z SINE =
= 5 =

MHz of spectrum (3.55-3.7 GHz)

N oe o
o ¥ PP (Of_\‘)
Source: https://www.techplayon.com/5g-new-radio-unlicensed-nr-u,
*e 0 JS Lab
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= -
& NR-U ES $I8H 4| 2s]/2Q AHME rfof
* UNII-2B & FH5 =F0| X|ot
» U-NII-4= H& 72| §4 MH|A(DSRC) U HEE A X3 ofop3=0f £ AFHXIZE AR S = QUL
ISM CBRS UNII mmWave [ISM
24 3.5 5 15 5.925 7 125 57 64 71 -
—t - i l — GHz
oo e
oL - il n o i i £l e i o
E_|IE <IFall 5 v |5 lF = = =1 =
5715 B 5 < |5 : 5 zll 5 5
o L & & o A
S > & N

Source: https://arxiv.org/pdf/2012.10937.pdf?fbclid=IwAR238I3GNVgyowKn30r61UH7)zFbp8jCOWqdvR_hURWNQFQGrLI2QhgMnBY , 5G New Radio Unlicensed: Challenges and Evaluation
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=

% 7GHz O

Il. NR-U #FEL
|3t STHY FoH4 HIOIM 56 NR-US| B4,

P =| A O S . o m>x
* NR-UE Z2H H3H § i3H(LBT) 7|&S AH&5I0 Wi-Fi U LTE/LAAS} =322 SF
Al [ =2 X Fy =] 2 " HFAH 3] ok
- HeofME HH A HEER{(AFC)E F7I5HEH N =4 °“1I* 7122 Qg Zhdo| 2/43stx| Y=Ct
E § é é ;7 E: Heavily utilized. NR-U requires harmonious coexistence with Wi-Fi
i Ly ) S Fay a 7_: and LTE/LAA using comprehensive listen before talk (LBT) techniques.
- B0l #1851 ALK NR-UE ZBT M3 T (BT 7128 AFg3I0l
Wi-Fi % LTE/LAARL Z3I2 8 SEO0| a6t}
U-NIF1 - U-NII-2a - U-NII-2b U-NIl-2¢ U-NII-3 U-NII-4
l:’ >I
5 GHz Band
« 802.11ax(Wi-Fi 6)/802.11be(Wi-Fi 7) = 6GHz TS AHESHX| 2, ’
A2 oM HES G 1UTE AHEHoR 7+ L 6 GHz Band r
~ “1
- HOIAE OHA HEBFAFOR F7HY T 24 N2 o i i —
7‘§§ é ?_ Ol L OE}XI %E[r -
Greenfield band. An automated frequency controller (AFC) is required for f: 5 5 5
outdoor operation (U-NII-5 and 7) while energy detection is used indoors. § § i 5
"] r & ~
o0 JS Lab
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|¥5/E7 Fh: =FF 2, ZigBee, 240|IH0], 9|8, 2i|0|Cf, 17 p2p, 0[5 TV

Frequency  Adoption Total Bandwidth Incumbent Technology

24 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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« H|EHS| 2HEZ0 et 22 £ o 7|8 Hh2: 24 2tH o &84

- HHS AHE- S AL8SH:E 7|&0| BESH EFYateL

802.11be
4 S X N
) ] N N
O 9 i ¥ 2013 2014 2015 2016 2017 2018 2019 2020 oo
s s S A s e e I - | | f f f =
o0 e AT ) MulteFire 202 11ax
80211 - 0211 802 B LTE-U WA LAA eLWA eLAA  FeLAA _ " NR-
802.111 802.11ac WP 802.11ay
Source: https://www.researchgate.net/publication/336786850 New Radio Beam-Based Access to Unlicensed Spectrum Design Challenges and Solutions
*e 0 JS Lab
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(g

% Flexible to work from 400 MHz to 100 GHz, using the 3GPP SCM [TR 38.901]
* FR1
* FR2
* FR2-2
* FR3
- FR4
o T ]
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)
*e 0 JS Lab
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% Summary of 6 GHz operations in the US.
U-NII-5 U-NII-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 2z 160 MHz 1
Regulatory Indoor operations permit- Indoor operations permit- Indoor operations permit- Indoor operations permit-
constraints ted. Outdoor operations ted. Outdoor operations

A A2

permitted only if device is
outside exclusion zones.

not permitted.

ted.  Outdoor operations
permitted only if device is
outside exclusion zones.

ted. Outdoor operations
not permitted.

o0

Devices must connect to N/A Devices must connect to N/A
Outdoor constraints the AFC system database. the AFC system database.
N m; : Max power: 36dBm (AP)/ Max power: 36dBm (AP)/
wel HxA 30dBm (client) 30dBm (client)
- Devices cannot be weather resistant.
Tdoos coistiabits - I)cv:lu:cf cannot be equipped with external ;.mtcnn;n.
A Kot - Devices cannot be operated on battery power.
= = - Max power: 30dBm (AP)/ 24dBm (client)
Source: I[EEE Access, Next Generation Wi-Fi and 5G NR-U in the 6 GHz Bands: Opportunities & Challenges
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% Wi-Fi & NR-U2} Z2 LBT 7|t H|HS RATO|A D3l ME2| AEFAE XA
« 3 CHZ7|Bojl A RSt XA

XS AMA XA Transmitter Receiver

- WS XA

- HES XA quems e} [T Channel Busy | o e
o «— Contention start

Back-off

e

. Channel Bus:
Channel access delay Y

K ::_“‘";%"" """""""""44— Transmission fails
I Back-off s Time-out
Re-transmission delay
Channel Busy
i Back-off (carry over)
Transmission delay ACK M
_______ T T S e e ey e i—ind s g
Source: IEEE Access, Next Generation Wi-Fi and 5G NR-U in the 6 GHz Bands: Opportunities & Challenges
JS Lab
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< Fob 7|8 ZH|: M20| RF LEN7} £l= FA| BX7L KH'ES XX[5H7| ?is] B
< DY 7|2 Bl A= M = 0] AlEHE ek 2SS XHX|5H7| Sl B

e\ :
v i Payload
+ t

- ([ E p;{‘..a i
" AN B
i e —

Contention +
H

Frame boundarics

i Frame interval i

53} 7|2 FH|

Source: I[EEE Access, Next Generation Wi-Fi and 5G NR-U in the 6 GHz Bands: Opportunities & Challenges
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< Wi-Fi % NR-U0|| CHgt &M Oj7fH

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 psec 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: IEEE Access, Next Generation Wi-Fi and 5G NR-U in the 6 GHz Bands: Opportunities & Challenges

®*o 0
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< H|QI7} RAT Zt2| SES ?ITt O X| ZX|et Z2|HE #HX|Q H|x,

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

o0
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 HIHS| AMEY (oA L8
- H M7 4EE 78S A b

% IEEE 802.11 7|

o5 AHED oo

%ol = 01 243 4 56 7 8 60 Gz,
[= T =3 —
Classification o y
Sub-7 GHz Rty
millimeter-wave
Band = [ =
z = z
B z 232
o ]
Bandwidth 2 _
z z% o
g KN 5
FT-hased LTE-U, LAA, and their
KAl cnhanced versions
NR-U NR-U NR-U
Suitabl
oo P Indoors and outdoors Indoors
coverage il
Antenna Vil
patiern Omnidirectional communications sl
communications
T UsA | =

|4
]
g
-]
<

[0 New spectrum additions (under consideration)

M 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
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=

% Release-18 Content Summary

Rel-18 Of| A H|HS{CHH S O] 8%t Sidelink &
71&0f CHet EESH7 O] 20X 11 UCt

3
O H SO S AHE 0]l CHS Sidelink X[ 2
> NR-U Of 7|2Fst 2 2 H< HA}
> E2AE e 2A =y g3
D> 7|& NR AO|EZS 7|20 thet D=3} A e
> FR1(Frequency Rangel, ~7.125GHz) CH<

o]
ol

Source: KEYSIGHT

I

Network Efficiency Features Evolution

-Network Energy Savings

New Spectrum

-Less than 5 MHz (FR1)

New Devices

-Network Controlled Repeaters

NTN
New Verticals **Dynamic Spectrum Sharing (DSS)

-UAv

-MIMO

-Sidelink

-Positioning

-RedCap

-DSS

-Coverage Enhancements
-Mobility

=

**UAV stands for Unmanned Aerial Vehicle (Drone, ...)

**The Wake Up Signal (WUS) is a type of power saving mechanism

o0
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-I

% AI/ML for the Air
+ Al based enhancements for physical layer(RAN1/2)

Sou

. Use cases

. Specification impact

. Al based enhancements feature definition

RAN3 Use cases Al based

. Energy saving enhancements in
RAN

Continuing
Work Item

Load balancing

. Traffic steering
. Mobility enhancements m Al based
enhancements for

physical layer

Specification baced
enhancements

Use Cases iiertes
i feature definition

rce: KEYSIGHT

NG-RAN
Intelligence
(RAN3)

Use cases
+ Energy saving

« Traffic steering

Load balancing

Mobility enhancements

JS Lab
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< Al/ML for the Air Interface

+ Goal: enhanced performance or reduced complexity/overhead
CAMLII=S S28H0I2H Al AEBIOIA AFZ Atell2] ECH OF&

* Areas to study
o JIE SADS 5 HiW
, ETHAE QI At H &
S& D2HENM AIRE S5 AI/ML ZHAFT Al
M58 e 4 A 9 Mg

Al/MLZ 0] 2IEHIOIA JIs8 52
. Use cases:

o CSIOES 84 0O QUNIE 24, E&E &4, 0l
St Q6= & KA AlZH 24

-8 Bel AR W/ES T2 AWML Y HES S
. FX HET E“é(OllI- 218t NLOS Z21) **NLOS stands for Non-Line Of Sight

Source: KEYSIGHT

0T
rx
2
0
Jo
H
0%
0z
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< H2|0[Eo Y oZ0M 66 HIEHIE M4l 2

A

Input Dataset

Legitimate Input x € C"

| SR 40 Cfe 2o ZX|
Izllrlhmh Users D
"1
)r(( fie-lo] &
> (i :
Deep Le ||]|! \Illn-.; .\flu-\\.vl. ‘ij
ares Funiction: Ji8) LB.LN' Station
lr—)

7

Source: https://www.sciencedirect.com/science/article/pii/S1874490722000155?fbclid=IwAR3pITAJqU92g4ByHS7FsCond6Xih9DdKIbmgXjuubDRtXb2tko8kPSX-4E
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e | E |
e o
< NR-U 7|t Wi UAV2| & EHP| (6G NR-U)
Cloud Computing
Backhaul -
Network W ................................... Clotd
MNO1 | MNO2 W : 7 7
stoacas : tntegrated ‘Access Edge Computing Daia (;?Chmg
LTE : and Bakhaul 4 EDGE T Aerial
i " | servers [} Cache -
: ‘\- / /\ Traffic Offloading
Neutral Host
Network Multimedia
e
WI (Wireless Infrastructure), UAV (Unmanned Aerial Vehicle) Drone, ...
Source: IEEE Access, 6G NR-U Based Wireless Infrastructure UAV: Standardization, Opportunities, Challenges and Future Scopes
*e 0 JS Lab
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. | E | I
. =] = (=13
% 6G: 2025' R E EE3IE[0] 2028 Y O|F 0 X2 H4E3HE o
L Y2019, Y2020 , Y2021 , Y2022 , Y2023 , Y2024 , Y2025 , Y2026 , Y2027 , Y2028 , Y2029 , Y2030 , _
I T T T T T T T T T T T ™
WRC-23 WRC-27
WRC &
ITU-R - 6G RIT Approval
® '20.2 '22.6 Y e = -
1TV Vision Study & Trend “6G : A e !
WPSD report for 6G Vision” /; SO IEIL 3 Proposal !  6G Evaluation 5
-------------- e e - e
Rel-16 Rel-17 ' Rel-18 Rel-19 Rel-20 Rel-21
3GPP T E T o e T T
td. Study Kickof 6G 1% Spec.drop §
1 —— & pec.
.555? 1 |) Evolution
i 1 RAN/SA 6G SIWI 1 PRy
Ve m e sEET s S E S S S S S S S S S wE = =d0DMercialization
EU-5GPPP(H-2020-»H-Europe), US-ComSenTer(THz)/INSF, KR-6G National PJT, CN-MIIT PJT, JPN-MIC PJT
;R&D PJT Government/Union-leading Advanced R&D PJT )S Product Solution PJT, Service Prototype PJT >
Global 6G TF (NGMN), 6G Wireless Symmi
R&D/ PivatelF uET'ﬁ = = = = -
et PArtnership Private/Public— NGA (US), Hexa-X (EU), 5G-Forum (KR), CN/JPN (Initiated), Private - NGMN 6G TF, 6G Wireless Summit
Initiative 4 L
Activities —
Industry Initiative Global 1:1 Collaboration [ Global GG Iniiative )))))))Opmtnrfﬁlobal-cvem Prototype
Activities
Source: Keysight 5G Summit 2022, Research Fellow, LG Electronics, Inc, , Jaehoon Chung
® o0 JS Lab
71
Il. NR-U BE=2| &H
. | E |
% 6G Action Worldwide
Europe
UsA Policy: . China South Korea
. "+ Hori olicy: N
8 « Horizon Europe: 1% Cal + MSC research projects for 2010) yasmens S rashiich
« Spectrum >100GHz due April 22 2021 (comma/sensing, - Goals: Trial: 2026 + MC Initiatives
- Country-Specific ARILONTN (2021} Commercial: 2028
ConsortialUniversity * Finland 2 Gost Rasnchi2030 Consortia/University
. :nc Allmnmaun : O EK 5 : c y » Tokyo Institute of
* Northeastern University + Germany 2 Technol
- UC San Diego 7 * FutureForum 5 iﬁ.ﬁ?‘“’“ . U’\E—e(::;ggl Osaka
+ UC Davis Consortia/University + CCsA + Tokyo University
- UC Berkeley = 6G Flagship Program * Network 5.0 « University of
+ UC Santa Barbara (University of Oul) * Southeast University Hiroshima
« NYU = University of Sumey » Tsing Hua §
* UT Austin = University of Bristol o + BUPT ' —_——————
+_Notre Dame = University of Stutigart
—_—s » Aalto University : - - K
o — ¥ LI
------- .
I Government and Policy
I Consortia or University
AN KEYSIGHT R
Source: Keysight
® e JS Lab
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< 6G WYY 72 WS >
B IRscIEIE  BUEY uu

| © 1Tbpsd UBAS 48
* 1Thps = 1,000G0pe

P2 ynE

Tops HUBH 7@
Topsd REL 7R

© Tops2 HAEH UMY, 100~300GH: PR QWS 2
* 5GE 100Gz OIHAME

I T 209 MU BB, Sub Trz BEAW
24, 802 1Y  TAs awy 2E2Y % 0o

man syy | O P ARAD 8 (B 0imsec, B4 Smoed
s(sonmeura * 56k B4 Tmaec, $4 § Uminc
10-1ms/ $EPT seoans
AU s -y 2XNY, JYY AL INY W R
3008 HuRAx O THF LOKAT U5 REKF B8 HR1N, B 58)

wam * SGB 3% B4 M2

5 ananey 30 08N ERadsw
* Y N 120,
XTXE A4 s annusy HA/NY B A % A g
ALHE ZAGN | [ .| 0 NI U0 BNE ALIE SO +RHFD)
- pamisume | \ * 5GE MENI ¥ ¥EA A1 N8

» 7|15 - 6G 6CH S 7 =OF & 10CH TEFILH|

6G 7i2

6G 7|& S8} R&AD £X}
1Tbped "
sl i 4 s et li )
Gire, BiSra o)

(2ol Rmn)

SGEFEN
FE R
[ 756718 v Snss

6G 1071 Sz
821474

6G R&D Mg FE HA
287 xﬂ;m‘s] P
Lot [0 E Bue
€GRAD .
] B RS
e nizs vy 4 ey
IR, o Y
A
W e
W) 16T B 3 RS0 AUNE 1Y BEBE 6T
OB AR . sdowy, somps,
S T AT I
6G AlEAR

QY8 BY
a2y,

2o LTS = oMU AR - VRS  iuzes e 3
w308 Ang » Ay waERa b L] L A
A YOHE $1 m t
PLETS ©6G 4 BN ME7|8 8 UAIKEmbedded) v
NaH A ER BER T o pumtn ma veieE H9NE R S (A-On) m v\lL"‘lv 8 o
i
- 56 EEE NASN BGREE | 66 RS YUtE UANE voUle W!Mllui e et s
2ene 3am N MEEEED | )
Source: 17| &
L XX | JstLab
lll. NR-U & 7
. - im =
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3

*

HHSI S X3 M2 HM 2 HAHLIS

52.6GHz £ E| 71GHz 7tX|2| CHY(FR2-2)LH2| H|HSCHHo|AM NR S X|2l5t7| et xf'd WM A
HA7H 8ol

MA HALE £3517| 2 7|2 MA S22 X2 FR2-2E 28l MEA Helx|Uct. stLpe| M4
E2(T,)8 5us2 Holg|9in, O FIKT )2 2= 8us 7 Q|

C|o A ZHHo M ®f'20| Bl(idle)2lX|2] HBEE 617| fIsHA = 8us2| OHX|2} 5us MM S22 5K
Hojc HHO| ZHE I F Ho|

7K1 52 CtHo| &S ™57 flsl ' MM E 275t X|Ho|M X|HO| regulation] [t2}
Short Control Signaling(SCS)0l| CHaiAM xi'E M S HAISE MEE sl 85t= X|Hof| ChsiA= xH'E
MU E SEH3 of2fiet 22 M&ol chsiA Hel

v I X220 2| & discovery HAES| E &

v OCHQH( OBt HE MM A EIA R HAK B

Source: 3GPP Release 17 7|21 24 21Af (2022 Fhj4= &= 8

o

o 7I1871E TR DHR|, TTA A BA)
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lll. NR-U & 7|=
Tk o
< 5G Fotg He 49 :
Frequency range designation | Corresponding frequency range
- Rel-170]A H|H&| (§YO 2 57-71GHzS T
sgrstm s ool 3 53 1(PC: ; ;
= B ES o gl R * |FR2 FR2-1 | 24250 MHz - 52600 MHz
FWA), 3 §& 2 (PC2: Vehicular UE),
M = . FR2-2 | 52600 MHz — 71000 MHz
M3 52 3 (PC3: Hand held UE)G|
6‘" %,I'f,'l.E F_I-?__._“(}" .T'I:Fﬂ- R;Al-gol ggl Operating | UL operating band DL operating band Duplex
Band BS receive BS transmit Mode
* n263 “IllEO'“A‘I AHE-E— SCS(Sub carrier UE transmit UE receive
space) 480kHZ, BGOkHZE} 263 E/OOE) MH F/IOOO MH ;/OOO MH E;'IOOO MH TOD'
o L9 of n 5 z z MHz z
ZOOOMHZDI‘xl_l 1“ = EH _lg(Channel NOTE 1: This is for unlicensed band operation and subject to regional and/or
bandWidth)Ol Io-lgl 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
N263: 57000 MHz — 71000 MHz specification
Fixed Wireless Access (FWA), SCS(Sub carrier space) 5 e . . i . : i
Power Class: https://www.rfwireless-world.com/5G/5G-NR-UE-power-class-types.html NOTE 2: This SCS is optional in this release of the specification.
Source: 3GPP TS 38.101-2
o0 JS Lab
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% Frame structure (TDD assumed in this example)

One subframe (1 ms)

One slot (14 symbols = 1ms)

15 kHz 1§

One slot (14 symbols =0.5ms)

By ABIHEIE = e e |

One slpt (14 symbols = 0,25 ms)

Y

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

Downlink control ir Downlink data Uplink control
Downlink reference signals

Source: Dahlman, Erik; Parkvall, Stefan; Skold, Johan. 5G NR (p. 133). Elsevier Science. Kindle Edition.

o0 JS Lab
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< Resource element and resource block.

One resource element

-
One OFDM symbol

Source: Dahlman, Erik; Parkvall, Stefan; Skold, Johan. 5G NR (p. 226). Elsevier Science. Kindle Edition.

I X X JS Lab
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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.
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% 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, SIB1& FH&dl= PDSCH, PDSCHE
2| EYSt= 2 PDCCHe| =82 DB2ta $tCt,
+ Discovery Burst (DB)= X|& A|ZH0| B 1 HIE 7}
oo g AMA FE 2AE AEE + ULCL

+ PDCCH Physical Downlink Control Channel [ ]
+ PDSCH Physical Downlink Shared Channel
«  Primary Synchronization Signal (PSS),

+ 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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< SX PDCCH BLEY X2 7|5

b ST

aglNB-initiated COT

< e »le >
[~

Slot I~ Slot i Slot
« PDCCH: Physical Downlink Control Channel
+ COT: Configured Timer - SSSG 291H 0] o3t NR-U MH3 CCA S5 -
+ CCA: Clear Channel Assessment.
Source: ETRI
®e 0 JS Lab
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i 2
. NR-U EE 7|=
<+ 5% PDCCH 2L EHT XHE 7|&
* Rel-170| A= RRC ¥ R E THUo| H A0 J|HE 9Isf 4T SSSG 29H 7|&2 HE| oy
Est= EAUa PDCCH 2L ETE 2 7|22 M2 EYdts HYE =¥
+ SSSG ELE{ ™ M= 7|=2 THEo 2 At F 4= F{(skipping duration) $2F PDCCH ZL{E{E
SHE MUY A2 X XA S WHOIM, 4= F7t2| Zo|= =i 37H7HX] THHo 2%
- PDCCH 2L E{Y 42} 7|53t sSSG 29H 7|2 RRC HHO| wat M =& W2 S5F = Ach
1) 2E 1: PDCCH 2LIEE Mt =%
2) 2E 2: 2)H2| SSSGE 28 ARE X
3) 25 3:37H2 SSSGS 22| SSSG A A S&
4) 2E 4:PDCCH 2UHE M2 S + 2J12| SSSGE 2t2 293 &
~——————» Timer expires
—» Switching indication
(explicit/implicit)
- Rel-17 SSSG 22|H
Source: ETRI
®e 0 JS Lab
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-I

<+ S5 PDCCH 2L EHY HZ 7|&
« BE 39| O|Al0f|A SSSG #2= PDCCH £HE E&s}X| Y& M™HE £ U7
« B E 49| G A0l M SSSG #2E R L|E{™StE SE2 PDCCH L E{-E Mafst= SEo 42

Skip duration Skip duration

Switching Switching I_Swit(hing

SS5G timer
- Rel-17 PDCCH 2LEY X S oA (MTh RE 4, 3lTh 2E 3) -
Source: ETRI

o0 JS Lab
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< FR1 CHYO|AM2| M Fot=(RF) It

* Rel-172| FR1 RF 4 42 7|E Rel-160|M CHEX| M I A of2f 67X &=0f CHsH RF EE
4 4YE SER 1Y

1) S WE Lfo ¢k} (intra-band contiguous) FIt4 4 (CA) DEA(MS S2 2) 4L RF #A &9
2) Sg ¥CE el Y2 28tEHintra-band non—contiguous CA) FIH4 4 (CA) DE(H2A S2 2) &2 RF
73 39
3) n77/n78/n79 TDD BandOil CHEt DEA(MHSS 1 5) o 7 9
4) FDD Band0ll (H8t DEA(HASS 2) G RF A FH 9
5) &4 CHOIB AIEI(Tx Diversity, TxD) D& (A S2 2) &2 RF 7 &2
6) 2 Rt #AHS Neish HIHE R (NR-U) @2 RF 7 &9
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|&1#4 24 21A (20223 Fhts= =t 9 32 7|87|= 712 atA|, TTA 9+ E1A)
®e 0 JS Lab
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< Rel-170{|A 7} 12{E HIHE

CHE(NR-U) 4

« 39| AL LPI(Low Power Indoor) & VLP(Very Low Power) LSt B7t A A SR 5 HHHSI0, H|HE
CHS(NR-U) Tt RF #Z2| 3GPP EE0| &8

3GPP Rel-17 Regulatory parameters
Maximum ; Maximum
Frequency mean Misximiam mean mean
Power NR | Network Permissible EIRP density
: : Country ; Range power EIRP
Class |Band |signalling operation : for out-of-band ;
[MHz] density BreTEET for in-band
(dBm/MHz) emissions
NS_59 Canada LPI 5925 - 7125 5 30dBm
27 aBm/MHz
96 NS_60 LPI 5925 - 7125 2 (t < 5925MHz 24d8m
PC5 South f > 7125MHz)
(+20dBm) Korea 34 dBm/MHz
NS_61 vLP 5925 - 6425 1 (f < 5925MHz, | = 14dBm
£445MHz)
pe 22 dBm/MHz
n102 Ns_58 | Eu/cEPT LPI 5945 - 6425 10 {Bolow 5335ML) 23dBm
Source: LGTAt  EIRP: M3 S 2 A (effective isotropic radiated power)
® e JS Lab
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% 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
: 3 3 z
o Standard p(?wer AP U-NII-5/U-NII-7 6 dBm 2 dBmIMH(
Clients connected to standard power AP 30dBm 17 dBm/MHz
LPI AP 30 dBm 5 dBm/MHz
Clients connected to LPI AP ERITE O tkough ERNTE 24 dBm -1 dBm/MHz
VLP devices* U-NII-5 through U-NII-8 4 to 14 dBm -18 to -8 dBm/MHz

6 GHz bands in the Europe

Device class Constraint e L
Coexisting Incumbent Permitted EIRP
Fixed services 23-24 dBm

LPI T Fixed satellite services 23-24 dBm ]

B CBTC 21.5 dBm/20 MHz (in-band) and -29.5 dBm/S 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: I[EEE Access, Next Generation Wi-Fi and 5G NR-U in the 6 GHz Bands: Opportunities & Challenges
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» 2= (NS_60, NS_61),

% Rel-170]1A 7} 12{E H|HS CA(NR-U) HIER A A2 3 (NS, Network signaling)

Country egs

sP [ LPI | VLP

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

Region 2
us NS_54 NS_53 N/A
Canada NS_54 NS_59 TBD
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 78D
Colombia N/A NS_53 N/A

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

Source: LG At
®e 0 JS Lab
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D>

» H|HS| L (NR-U) THY NS_60(EH=, LPI) A-MPR 2}

LPI(Low Power Indoor)

Source: 3GPP TS 38.101-1

o0

Pre- Modulation Channel bandwidth (Sub-band allocation) / RB Allocation

coug 20 MHz 40 MHz 60 MHz 80 MHz
Full Partial Full Partial Full Partial Full Partial
(dB) (dB) (dB) (dB) (dB) (dB) (dB) (dB)
RS QPSK =0 Sede |[Fal| S ||BEE| Sals |[SE|| S
QFEM 16QAM | <£6.0] <85 |<40| €55 |<40]| =50 |<£35] £5.0
54 QAMNIE=I6.0)[=<R16 Bl < A 0N =F5 58| = A Gl =35 0| i< 315 < 15.0)
256 QAMALS IS 0N =8 5l < 50 =5 5l < HiOIIN<35 5 510 =455
GRS QPSK = S ||SEE | Sab ||Sh)| Sl |54 SE8S
i EER =l Sed ||(EEE | S 685 ||S5y|| 268 ||SuE|| S8
64 QAMBI=IG OIS IE 5 Al S 5ib IS EH 6= 65 [R5 S| Es 55 1R it b
256 QAMIFs 6.0 | =85 ] S 70N s OIS RGN SSY O IS0 S 20

JS Lab

88




IIl. NR-U BEZE 7|=

< H|EHE CHH(NR-U) THY NS 61(E8H=, VLP) A-MPR &

VLP(Very Low P ) Pre Modulation Channel bandwidth (Sub-band allocation) / RB Allocation
ery Low Fower 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 < < = < < < < <
[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 < < < < < < < <
[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]
Source: 3GPP TS 38.101-1
®e o0 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—S(I’CBI“ f Down-stream UE 1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
Source: https://arxiv.org/pdf/2012.10937.pdf?fbclid=IwAR238I3GNVgyowKn30r61UH7)zFbp8jCOWqdvR hURWNQFQGrLI2QhgMnBY , G New Radio Unlicensed: Challenges and Evaluation
LA X X2 JS Lab
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< NR-U C|HIO|A O}7| &K
- MAC M2| ¥ £ CtF HEHE 2|0 U LBT (Listen before Talk)

L3/RRM

PDCP
e

Channel Access
Manager (CAM

Component Carrier Manager (CCM) Channel Access

Manager (CAM)
PHY [N

Source: https://www.researchgate.net/publication/340625488 NR-U_and_IEEE_80211 Technologies_Coexistence_in_Unlicensed mmWave_Spectrum_Models_and_Evaluation

®*o o0
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% Channel-Access Procedure Type 1 and Listen-Before-Talk

» Channel-Access Procedure Type 1("LBT cat4")2 SILI2| SYs COT
Lol M TEE 7| AlISH: o AHBElE= EXO|CE

* JHA|XH= gNB == ClHIO|AY = loH, 259 T E Fj LBT
HAE st xi'E2| AL 7ts OIS E W7t

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

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

Initialize backoff
counter N € {0, CW}

Transmit

Decrement counter N

Channel idle
for 9 ps?

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

*i'g HM A Hx} § Channel-access procedure type 1.

®o oo

|  JsLab
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% SDU delivery in acknowledged mode.

- S RICAME|E| RF 59 BEOM ZtZ HE H(window)dt =4 F(window)0|2tE F 7H2| &
e ;groﬂ ol= pDUﬂl- HEs 4 Qoo & A|ZH BE ol2fo) A|RA MBI Q= PDU F4 RLCOIA

»,

Retransmission of missing PDUs. | J ( J
Transmitter Receiver Transmitter Receiver Transmitter Receiver Transmitter Receiver
=ty =t t=tg t=tg
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.
®*o 0 JS Lab
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< Contention-Window Sizes for Different Priority Classes: 7§ A|At= X| ¢ 7|Zt0|2t1 =
x4 7|12 o Fiht A ES ALY = AS W7HA] =4 T8, X[ 7]2H2 16uset
02 742l 9us R = ——r“d g3, X| 04 7| 2te Pz SaHA00 w2t F2pEC
a. -FPé 0 mat HAE Ho|7t BECH X2 Zto 2 HTHE 5 Ak M'2E SR/ots O E 71=0|
= 3% 10ms7h AL E|H, X g2 BL 6ms?t AL EICH
b. éms= StLt 0|42 4SS HYUSIH 8ms2 53 + ACh Aol Z|& X|£ A|ZH2 100pus0|Ct, 0]2{Tt
As =Zastr| ® J.IEH II‘—'T A|ZH2 6msO{Of BHCL,
Defer Period Possible CW Values Channel occupancy time (COT)
Priority Class Ta=16+Mm.9 (us) {CWiin, ..., CWinax] 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} 8 or 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.
*e 0 JS Lab
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% Channel-Access Procedure Type 2 and COT Sharing
% COT(Channel occupancy time) sharing (0l
- Type 12 3tLt2Q| COT LO|M HEE AESHE O] A8E|l= EA

* Type 2& CHS H 30| o|H HE = 2| 16ps F0| 0|0{X|= 3R, S HAE AMO|Y| |7 HXI7}
ERO}HX| Bt

*,
.

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

DL data UL data DL data

Type 1 - CoT

Y

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

o0 JS Lab
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Tl FH2| 0 S ALRSHE HINY XEO| 2 CORESETS &%

o
Rel-152] CORESET T+ 2 {5}, Rel-15 C|HIO| A0 = X| R E|X| 2AX| T FEFHOZ 2E OFDM
AE0 A PDCCH 2L E{™ S 9|t CORESETS HIHSIA A& + /it

HIHS L E- S S0 Ct22 3 HI0O|E WSS 2E OFDM HE0A AEE 5= Qoo =2 H|HY
2HEH M HEE I R80IH, H|HS ABEYHZ XA = A ClHO|AE C
QARARZ /dg 5 QCt

SMAZL HSE oM TEE SFste Y E oMo Fats Tl RE 2[AA 25 HHN
HrEL| = § shot

*

*,
*

P L4
pal
>
4
ha
i
m
o
ot
Ot
rr

Same CORESET location in each RB set
f
\ |
CORESET CORESET

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:

I X X JS Lab
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< C|HO|A ZHO|M 2 NR2| PDCCH X2| 7R

Set of CCEs ™ - PDCCH candidate
1 —= PDCCH candidate

l Search space [—— PDCCH candidate
g

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.

o0 JS Lab
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%+ CORESET

« NROIM Ct2 33 H|of 40| A2 CORESET 71'd

« Hlof 2|&A ME CORESETE C|HIO|AZ} shLt O &te| ZHAM Z7HS ARSI £H O MES
ClaYst D A Ests AlZb-Foh 2laA

o AZb-Fabs =0 Q10| A CORESETS| A27|2t A= HES A 2fsH ¥HE X (semi-statically) 2 2
TEE|o 2 ghant cfYZ e} I dEE S+ U

« QS O7L X|CH 400MHZTEX| 0L HE2 &+ 1 BE C|Hto|A 7L o|2{% H2 CHYZ S 4T 5 ACtD
7}HSl= He 32| X0|X| o0 2 NROA Ed| =8

Data can start before

the end of the PDCCH \
PDCCH in this CORESET

(indicated as reserved) 74

Data scheduled on unused
CORESET resources 74 :

4 (

AL 818 (R1%) U H0|E S 21T oM 2220 YA (REF), O] HIHAIME 717|7t 5 7H2] ZojMez 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 CHH A 2HE517| SIS 1% A
* SGhz *x GOG hz H = 0" 1 -t o I' l TI = -H- 1| R = Regulatory Requirement 5 GHz 60 GHz
Mandatory Japan and Europe

. I.BT Based on Channel energy detection
LBT Clear Channel CCA slot

+ MCOT mechanism | Assessment (CCA) duration is

LBT and slot duration is 9uS 5us

» EIRP/PSD e

° for each

OCB band [66-67]

« DFS Encrgy 42 dBm for a 20 MHz | -47 dBm for
detection a 40 MHz
threshold

Maxi T 151 Continuous transmission is_prohibited
Channel MCOT 2ms, 4ms, and 6ms 9 ms [66]
Occupancy and can increase up to
Time 8-10 ms [67]
| (MCOT)
EIRP, and Maximum ® 23 dBmand 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: & SYY SAH Y (effective isotropic radiated power), DFs If radar signals are detected, a device
+ PSD: M3 AHEY U (Power Spectral Density) shoplq 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
®*o 0 JS Lab
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o 2to|MA7t gli= of2] X2 SE-E NR-U 2FS flct HetE &4

Optionl Option2 Option3 Option4
NR-U R L e . -
gNB Primary I, \l ’ - \‘ / \‘ ' .
channel 1 CAT4- I CAT4- | CAT4 1
1 I
i | X I: | LBT LBT -LBT
Primary Secondary Secondary | E 1 : 1 : I : :
unlicensed unlicensed Channel 1 1 3 | || CAT4- | CAT2 | I |
channel Channel(s) | B X 1 : LBT i X I 1 : -LBT 2 : | TX | :
H 1 © | i | I :
H : 1 : 1 H | i)
UL, DL\\ f/ UL, DL Seconda; 1 1 I
’ ry I CAT4- 1 CAT2 ) 1
i channel N ! e LBT TX :_| 5B T | X |I l I X |I R
-UE l-.___./ \-..______/ \---—--——I \-_----,

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 ¢l 2 Z2EE9| 7=

This slide represents the layer 2 structure of the New Radio U-Plane radio protocol, including the downlink and uplink. It also comprisesthe |ayer 2 components, such as senice data adaptation protocol, packet data convergence
protocol, RLC, andMAC

UEigNe

. . . . QoS Flows
00s Flws
soap =%
Radio Bearers . 0 Radio Bearers
roce poce o o
RLC Channeis . . RLC Channels
L2
e i &G EED
RLC RLC
Logical Channe! N . Logical Channels
MAC [iac m
uaC
i v -
. ARy .
it . Transport Channels

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

8 |
" 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

carrier aggregation is not supported on the uplink 1

* Data for each carrier is handled individually in SDAP, PDCP, RLC, and
Ll

|
multiplexed/scheduled in the standard MAC layer Addtext here @

Source: https://www.slideteam.net/structure-of-the-nr-u-plane-radio-protocol-working-of-5g-technology-it-ppt-microsoft. html#images-1
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% ML as a toolbox for NR-U

ML Toolbox
:
fy Classification Nl Regression ¥
A c |
O H « Decision
+ Naie Bayes : 9 Eﬁ?ear
= Sl 1 Regression
o K-Nearest || . L:gislic
«  Wireless technology identification H Regression | * Traffic analysis in the coexisting neighbor
« Timefrequency/space state identification| : + Parameter ion for
« Neighbor characteristics identification | / N |« Characteristics of coexistent network
- i 4
- . i SRR . Which timefirequency/space slot should a AP/UE select?
« LBT catagory estimation for ¥y Clustering : / Learning * And, How long to transmit?
coexisting neighbor performance improver i : :22::;“1:&1::;%2;?:5'"“‘ deasions
H
+ K-Means | ! e Agent
« Mean Shift | | Sty
* K-Medoids | : <
H Loan
A P 1 g 4

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

o0
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% Anchored NR-U

* Boosting existing deployments,

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

* Delivers a consistent 5G experience
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% Standalone NR-U

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

IV. NR-U M & AlLIZ| 2

-

.

v Private Mode
v' Cloud Mode
v Hybrid Mode

UE4002

Deployment Mode

NMS/5GC-CP NMS/UDM
On Cloud On Cloud

L@ B @ Be. @ B

On-Pramises On-Premises On-Premises.

Private Mode Cloud Mode Hybrid Mode

% 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

Fully Built In-House

Private

work, Decicated resources, Independently manoged,

With N4 UnBeonsed spectum

Industry-Oriented

High-Speed Uplink, Customized Network Mode, Agle Sice

Industrial Protection

RUU's Operating Temperature: -40- + 55°C_Ingress protection: PGS

JS Lab
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< Base Station Types

Cell Type gglcljius (km) Locations
Femtocell 0.001 to 0.25 0.01to 0.1 1to 30 Indoor
Pico cell 0.25to 1 0.1t00.2 30to 100 Indoor/outdoor
Micro cell 1to 10 0.2t0 2.0 100 to 2,000 Indoor/outdoor
Macro cell 10 to more 8o 30 More than Outdoor
than 50 2,000
Source: 56 RF, 2nd Qorvo Special Edition, by David Schnaufer, Tuan Nguyen, Ben Thormas, Alexis Mariani, Paul Cooper, Bror Peterson, Phil Warder
® o0 JS Lab
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< Video Traffic 1t CHHE
* 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
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% Required data rate of VR (w/Round-trip delay)

Frame Required
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
40Mbps | (2D) 3D)
(2D) 120
63 Mbps. Mbps
(3D) (3D)
90 120 Mbps (2D) 10 ms
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 5ms
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 x 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

o0 JS Lab
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% Holographic Telepresence ds:

Number of ‘pixels’ required in
occupied volume

Gbits: ‘Full parallax’ requires much larger
blocks

Block size of hologram P
after processing

60 fps for smooth movement

Size of object +
resolution

Color depth required

24 frames & random phase
offset

Frames per second
fps

+ techniques to reduce
5cm: 10Gbps* speckle
25cm: 60Gbps*
180cm: e.g. human( > 1Thps Raw Data Rata before
S any compression

6°0" tall

"X Xu. Y Pan.P P M
requirement”. Proc. Int

ang. 30 holographic: display and s data transmission
. Photon. Opt pp. 14, 2011

Source: Keysights
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< Rel-16 introduces NR in unlicensed spectrum: NR2| H|H&{ L F (Unlicensed Band) A&

- H{HS{ | €& (Unlicensed Band)2 LTEQ} NRUIAM ALE 7ts

» NRO|A| H|HE] CHYZS A8 St AlLt2|2 274
o Anchored NR-U: H&| CHHZ 2 Anchor2 AF2351 H|HS| Y ZF0| &8 & mjojct =34 SHE6M AR
o Standalone NR-U: H|HS{LH{Y = CHE O 2 AL

Anchored NR-U Standalone NR-U

Unlicensed spectrum is combined with Only unlicensed spectrum is used
other licensed or shared spectrum as anchor

|| _—
/ <100 MHz UL BW =100 MHz UL BW
<400 MHz DLBW =400 MHz DLBW
r— pr—
Licensed or shared Unlicensed Unlicensed
anchor spectrum NR-U spectrum NR-U spectrum

5G NR in unlicensed spectrum with 3GPP Release 16

o0 JS Lab
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% NR-U deployment scenarios

Anchored NR-U Standalone NR-U

E
. =] c——
”~ cp - s ——

’ NR-U

’

I 2
B i i

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
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< Anchored or Standalone NR-U:
« SO|MA = S F AHEZD] HHS AHERZHE Aol 2HIY HES|T 5 T4
* LTE-LAAZ = El H|HE A EZ O] HMASHZ| 2T 2t0] A X[ M A(LAA) 2HAI0] 5G NROIA
XA ECH BHIY HEYT AIAXHMNO)Zt ERfE F7t £ SFATHO| 71X} Y F7H0z S5t
AL X7} 7|t MH|A EE(QoS)E |XI5tE S YetEHo =z Fut2&= N E sfHst= ol 28
o2 o &4ELCE NR-UE SHAIEXLZL o]2{t 2tH E siEst= Ol =8& & + UL

Licensed spectrum Shared spectrum

Alleviate spectrum Advance
constraints for 5G private networks

o0 JS Lab
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% Unlicensed spectrum can support demanding lloT
- B2 AM A2 UHE YEAZ(TSN)O| IA| 2 ESHH, 56= 7|E TSN HE/HIE FIHSHA
HEY = A= BEEE EF92 NI F7|2HE 37, ZEE oS XE HE(Comp)E S
CtE 54 X[ FH (multi-TRP), F&E E42|d XX|A S4l(eURLLC) S lloTE #ISt CHE 56 X[ &
715k 25 HOE S#F0AM NR-UE S8l 758 + ACt £t 22 6GHz H|HE CfH0|
HBots S HHYZ2Z Qdfl 6GHz2| NR-UE lloTHIAM 523 HEES ¥ 222 7|fFcL

w N
m » = W o

Today, unlicensed spectrum In controlled environments, Synchronized sharing enables
offers unpredictable QoS QoS becomes more predictable CoMP and more predictable QoS

XX | Jstab
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AlLIE| 2

< NR-U & RAN 74 AlLZ|2
Carrier aggregation

b. LTE-NR dual connectivity

c. Standalone

d. DL-UL

a.

e. NR-NR dual connectivity
gNB gNB A gNB
) (NR) ) (NR-U) L) (NR-U)
UE UE
licensed  unlicensed licensed  unlicensed

(a) Carrier aggregation (b) LTE-NR dual connectivity

o L | i
gNB -L A gNB fi eNB
NRU) {§ U owy | (NRU)
UE UE UE
unlicensed licensed  unlicensed d licensed  unlicensed
(<) Standalone (d) DL-UL (e) NR-NR dual connectivity

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

®*o 0
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AlLIE| 2

NR-U &[0]0}2 A[LIE|L

a. Indoor sub 7 GHz
b. Indoor mmWave Indoor Hotspot (InH) Mixed Office
¢. Outdoor sub 7 GHz I Seieme, S

*,
R x4

120m

d. Outdoor mmWave 1 = ry
" (B i

Operator A O

(a) Indoor sub 7 GHz

Outdoor Urban Micro (UMi) Street Canyon (q)

3x micros per micro layer
2x operators per macro cell

i) "

Opersor A Operator B

(¢) Outdoor sub 7 GHz

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

- - 120m -
;
o agn wgn <o o> g
B . e 5 &

O

a}
VY (6, W &

Operator A

(b) Indoor mmWave

1

3]

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

B
-
=l

T a
f 1} A ‘
J U f r Y
4 i
I\
o

Operator A O,

(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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< NR-U HiZ A[L}2|2

* NR/NR-U LAA

» LTE/NR-U DC

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

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

+ 'C-p': Control plane

» ‘U-p": User plane
NGC: Next-Generation Core
EPC: Evolved packet core

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

Licensed Unlicensed Licensed Unlicensed

UL.Dﬁ\. ﬁ.(UL.DL UL.D&N 7;'[ UL.DL

=

Licensed Unlicensed Licensed Unlicensed

N ‘/DL UL,[')X\ 7:( UL.DL

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-U M & AlLIZ| 2

% NR/NR-U LAA.

» 5G-NR 20| X|33t= 317HE 712|0{2}t 56 NR-U 20|
H35= H|HS MH|AZ2 AEE CA RE

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

PT‘.EII ﬂ Data (((l))) gg;,’,
Licensed\\ D ,//Unhcensed
UE

Carrier Carrier

Carrier Aggression (CA)
NR/NR-U LAA
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IV. NR-U M & AlLIZ| 2 i

< LTE/NR-U DC

- DC REE= LTE #E S8l MH|2E|= 3718 0|§ S4AR}
5G NR-U BI|Z0 2 MH|AL|= H|HS| 0|5 SAIALZ 74

NR-U
ScCell

Llcen§ed D ‘/Unllcen;ed

Carrier Carrier

UE
Dual Connectivity (DC)
LTE/NR-U LAA
Source: https://www.techplayon.com/5g-new-radio-unlicensed-nr-u,
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< NR-U Standalone

* 5G NR-U 2 E2{0f|M X|Sst= H|EHY 0|5 SHAR
TEE SYUY ZE0|0, AME HIERISE 2FT M 8

&S
3

L% e, J
NR  ((tp)
e &)
Downlink Unlicensed
\ Carrier
Uplink Unllcensed\ D

>
N
>

Carrier

UE

Stand Alone
NR-U

Source: https://www.techplayon.com/5g-new-radio-unlicensed-nr-u,
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< NR/NR-U UL/DL.
* 5G-NR 20| A H|S5t= 2to|d A MH|AE ZESI] UL
S4E 5|85t 56 NR-U ZHIY0|A X|S3t= HIHE
MH[AE ZE5I0 DL S4S 518

NR
PCell &
Downlink licensed
\\l Carrier

UE
Stand Alone
NR/NR-U UL/DL

Unlicensed
Carrier

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

% NR/NR-U DC.

+ DC 2E& 5G NR Z0|A XS5} 2H0|H 2 MH| A0}
5G NR-U E0|M X|Sdt= H|EHS AMH[22 779

Carrier Carrier

Licensed\\‘ D ‘// Unlicensed
UE

Dual Connectivity (DC)
NR/NR-U LAA

Source: https://www.techplayon.com/5g-new-radio-unlicensed-nr-u,
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a. 5G NR-UZ2| A|AFY OF7| =X

28 GHz licensed spectrum 60 GHz unlicensed spectrum

b. BE AYRIe| AR M=z i
= 5G NR-U 2
:II')g'liE_l 2% Z‘J.E 5GNR-U3

c. 5G NR-U AtYX} 322o| AZM N
3742t WiGig AtAxt 132 n
WIiAP7} 2= SGNR

28 GHz spectrum and
60 GHz spectrum reuse
in in-building stations

Carrier Aggregation (CA)

Small cell of 5G NR-U 1
Small cell of 5G NR-U 2
Small cell of 5G NR-U 3
S WIAP of WiGig operator

on each floor

¢ Active station, =~

An apartment of a building

~ Small cel/WiAP coverage

Small cell UE of 5G NR-U 2

Floor 28 GHz and 60 GHz

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

A 2-story building
(b)

Source: https://www.hindawi.com/journals/wcmc/2021/8661797/
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% NR-U/Wi-Fi 358 B7hshe O AHBElL: 3GPP M2| EEZX|(A = 1.5)

~ 133Am
Izo m a Exci zon@,i’
® Wi-Fi AP g for/use ([.Ef,?

. G 6 )Q‘:-
20m @® NR-U ¢NB G Exc. zone 105m;
40 m g ) :

for small cells . 266A ™
20m <
3GPP indoor evaluation topology for NR-U/Wi-Fi coexistence ‘ 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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IV. NR-U H

& AMUE|e

< WI UAVE H|SZ& NR-U O}7|= A

wN3

NR-U
Switch Bearer

wiD
Np

&
KR o,
e

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

MCG
Bearer

MgNB
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& MUl

% 6G NR-U 7|% Wi UAV HHZ A|Lt2|2

Aerial Network

Terrestrial Network

Source: I[EEE Access, 6G NR-U Based Wireless Infrastructure UAV: Standardization, Opportunities,

, Challenges and Future Scopes

km
- U2U/U21
- Acrial Link
— NR-U Link

5km

WIUAV
as Data
Collector

SAlitude from Ground Level
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V. 28 7=

>

*,
*

e 56 XMt ADLESE AHIXFEF XF(2SSHE)

5G+Wi-Fi 6E AtM|CH 20IESH HIEQI 22 75 ) @@ hm (i) oE] hm
£ 5]8: 56 NR-U X Wi-Fi 6E 23 2M7|7]2] ALf TR A i AT

.
hot

— o = s = (HEud = (GMB3R2|0h
HMIOEY 7|1F HER50mW —-1W) E3| 5 &

- M= 53 HEH50mW)2 2 Tt X7 25 H|20|
285U 7|F &3t Al(1w) HIO|E] EE A2 F7I2 2

QP T
gx_-'o“ ‘&RP_F %--.?-ﬂjl gxl JH-JF 7="-+-(1/2 -JIL--I":- GFI!B isinmuwm REOIS YTPLIAE BHY RVPL MY
- 52| 518: 5G NR-U X Wi-Fi 6 &3 FddH|Q| ALY QHe||L}
Fojo|SS =ge HYLUE 7|F 4¥(2dBm/MHz — T R
8dBm/MHz) e
5T 274 AN, QRYSG PUUZY @
5G NR-U WiFi 6E

Source: http://rfz.go kr/?menuno=2068&bbsno=55&boardno=21&siteno=1&act=view&&ztag=rO0ABXQAMTxjYWxsIHR5cGUIImJvYXJkliBubz0iMjEilHNraW49InJmel9mYXEiPjwvY2FsbD4%3D
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V.28 7=

=0
< A" 5G XM|Cf 20tESE RHXIRSTF XFH(EE5H)
& XGZ |loT 7|4 C|X|E EQI X|SAMAA|AE (0f) LA N
- X120| S EAHMMI S SET FEMUALH VT 4T & sa” g |
« 5G NR-U(New Radio- Unllcensed) 7|& : EMAZL AFRSED m.:g:, gaas . wngg o
= 56 H3 tiY(5G6 NR)1F Eel, H|HS| Fot =
HM(GGHZ)ql x-lgo}q' *IHIQ x"’" ‘ RO BUIIRE REY RUYL AAY
» Wi-Fi 6E 7| = : 7| & Wi-Fi 62 -’f-ﬁ}-’u‘“- tHY S 6GHz7A| e
golistof, wi-Fi 6 CHY| B2 ££ & 71X|0f, HazHdo| HF s
= . s6 oW 61 BD 2Y = 8- s pRAS
mu”‘ q.:
== 234 2-HKY, QY 56 4 Y=
SG:R'U WTF‘iuSE
&I
- *
L &% v w0

Source: http://rfz.go.kr/?menuno=2068&bbsno=55&boardno=218&siteno=18&act=view&&ztag=rO0ABXQAMTXjYWxsIHR5cGUIImJvYXJkliBubz0iMjEilHNraW49InJmel9mYXEiPjwvY2FsbD4%3D
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& O|=m3
» AYFASTNY F2Y BF J|¢ SGANESRY 75
» R NoT7IY CIRIEES X SUAAAH g % 45

X
- OZTAL EEAYE YO ¥ NS UINYOIZID, SYAIX, HI2BER M| FEAYK

3

- 18%}0l= WIFI 6E HIEQIE %‘%O of XtHICH ADIEZE MH|A M5 5
A H Ix
=

« EfZI A0 RESAFEEEK| FHMMEZI IMS(Intermediate Shaft) 37 2+2! HH|0| CHsl S
QIE|AEZ|4.0ZNHEE I1|’“|:'||0|E1'F1'7—”|‘.’.' XFAREHE| 4l (AAS, Asset Administration Shell) 722 MM Hg
« AASTHAHE 751'8""’1 7|E JU MloiME Oz ZEO|L HAEHE 2telof] AHHo =0 HE3ts AL}

CHEZOIXI 2, 2 MHME HEHES Yot Sitetelo] HE HE

Source: OFO| E|H| ¥ 2] (http://www.itdaily.kr),
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V. 28 7=

o,
o

dIm

&{(0f): Nr-u 2| prach ++d

« 7 SIE[2 HI5{7} (NR-U) &2 S2| HE HM 2 x{'2E (
2 EE TXOP 2|%0|M PRACH 3*.‘.'2 T = 2

RACH) O| ZHA|EICt. UE &
. UE = TXOP & AlEHSI=E TE|dE
0| HH A 2HO|HMES EEY

I'l'U

SE Hof Mzt 22 Ho Mz E ZLEETICL UE = =
S 4~ ZES NEoHE, #7 TXOP 2ol EAES St A8 WH M A TS USH 45
QACH UE 7} MO Hl=E AESHX| £51'H, UE = 7|X| =2 3'.:".3_‘3}01 9| X|e] Y Wk tiSst=
HE M2 20| HoM I} HE A& MBS E S4TCH OEX| RoH, 11|°1 Uz HE A
EZ|H dZ2| 41 Al, UE & TXOP LHoj|M T HHA 2HS "c'? LY
;ﬁ \—L,J 8\ g % = ﬂk =V
e G
p uﬂgwx | \ -
ﬁ / ’é: - g
105 /'m ;“
e o 8 i
4 &R

Source: https://patents.google.com/patent/KR10221210181/ko
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% £79{(0l): Radio link monitoring (RLM) procedures in new radio unlicensed bands (NR-U)
- 2 M Yy T BLUE § 2 H|3TtCt. shLtel "X|= StLt 0| 42| XX ALE
Jtset FM @3 EL|E1E HZX MZ(RLM-RS) ME2| Mz “QOH uah S4=2| =A% RLM-RS
MZz=E SiL} 0|Ato] X|X AR 7}5E 2M 213 DL EE &x +_I§(RLM RS) ME2 MEst= Ha|
3|2 E EESCL StLt 0|2l XX AR 7}SE RLM-RS 2 X HM g 7|12 ol =ML Ha|
Z|2 & SiLt 0| 42e| x| X ALZ 7t5E RLM-RS ME2| & /7l S8 7|+ECt H2X| £ E
ALt stLt o] 2| X A8 7hsEH StLt 0] &2 RL RS ME2| & +£7| SE FHC} X2 A=
AME|H, NE| 3|2 H1 "7 7| ZHECE 2 M2 "ot 722 dHsta, 1|2 Ht 7(2 Woyl H|HS
CHY o)A RLM HALS s etLICt.

rt
Yl
-
Ras
a
[
14
EE

-—

Source: https://patents justia.com/patent/11405813
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< £9{(0ll): System information update for nr-u

- U MAOfof M2, H|HS] AHEZAM A|AH FHE(SHE AHI0|ESEY| o] HESHI LE0f
ofsf +HElE WY, SI £ AlZHo]| S| YE|0|EE W72 AHWSED, SI 2 A[ZH0|Ho HE2
549| 51 YH|0|E 7|Zke] 2} 51 UG|0| E 7| Zhof| Cisl R FX|2 s) HG|0|E YAS WESH= U
Ze$ict. S| Y0l E SX|= UEZH HO|O|EE SIS ES{{0F st AIFO] LS sI =3 AlZHe]

HA|E ZEPICE L5 HAM0A, O] YH2 SI £ AlZHo] XI5t F52| 51 YHO|E 7|2t F
Ho|£ stLtel sI YOOI E 7|7 St S| Y0 E LEo| Y3Xoz HEE|X| pUCs AS
EEstn £ ClHo|A7F SA| HH|O|EE SIS 2 Sojof BIChE HAIS Z8SHE S| YHI0|E €S
£ cluto| A2 MEsE Ae o ZgeL|ch

300

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

|

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

Source: https://patents.google.com/patent/KR10221210181/ko
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Source: IEEE Access, 6G NR-U Based Wireless Infrastructure UAV: Standardization, Opportunities, Challenges and Future Scopes
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