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< SHY M (Mobile Industry View)

Industry forums

Private 5G
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RO A 5
oM Fhtg 2lo|MA § 8 s Technical
., standards
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T (global and regional)

Standards
developing
organizations

Regulatory
bodies

National
administrations

Regulatory
product
certification

Spectrum

regulalion.,,

License
conditions

Product Placmg on Negotiations Network
Mobile |ndustry view: development the market opemtlon
Product vendor Operator

Source: The Next Generation Wireless Access Technology Second, Edition Erik Dahlman Stefan Parkvall Johan Skéld
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Private 5G: Green building and manufacturing (Colt)

-

v

. 5 Construcion/
= (Constructory construction site) T * Suvosance i ion
%k icti * mz::,:‘losﬂs fomaw l ® Automated cargo system
« H1 (Logistics) delivery

« AEIC|E (Stadium)
« ¥ (Station)

« B3 (Hospital)

+ 3% (Factory)

« E (Harbor)

+ 3% (Airport)

@ Video streaming
services in the
facilities

@ Automated warehouse:
handling system

Harbor

@ Autonomous.
remote crane

® Remote controlled
robot
® AGV control

examination/care

Station
@® Surveillance with high
definition video
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+» Private 5G Network Market

- CAGR 36.8% % ®at

Private 5G Network Market
Market forecast to grow at a CAGR of 36.8%

USD 924.4 Million

2020

Source: https://www.researchandmarkets.com/reports/5261951/private-5g-network-market-share-size-trends

USD 8,320 Million

2027

RESEARCH MARKETS

THE WORLD'S LARGEST MARKET RESEARCH STORE

o0
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+»+ Private 5G
% Private LTE/5G

Source: = 7|0}

INDUSTRY SITES SIZE

ADIETHER| Industrial & manufacturing 1 000
IM+

Ha Warehouses
el /ol LA Hospitals & labs
100K+
Water utilities 140,000

Transport venues & ports 50,
Power generation

Military bases

0il & gas

TOTAL 14,582,600

. . Source: Nokia
C Potential venues for private 5G )

( Private LTE/5G deployment

$60bn

$20bn

2022 2024 2026 2028 2030

Growth ~ the value-percentage of private 5G deploy-
ments will outrun private LTE deployments in 2029,
according to ABI Research.

Private LTE (46)
— market value

Private 56 -
market value

o0
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% Private Networks2| 7|3| (0]: Intel)
i Private Network Deployments by Type, Technology and Sector Enterprise Data and Connectivity Survey ™\

( On Premise Compute/ Slorage\

96% : important/very important

£ g 2. Move data between
. Cloud/DC/Edge
£ - * 96% : importantivery important

I I I I I I 3 Planstoadopl in 12 - 24 months
Ilsnans 77% : 5G with MNO
F & FE ¢ E g +  25% : 5G undecided on

frequencies
34% : Wi-Fi6 ; 92% have Wi-Fi

today
\ 35% : CBRS /

e

MNO:E= Mobile
Network Operator2
S4YS 8o Sxxel
O|SSUMHAE

HBsHs Azt
Source: EI% SSENHE SECURITY COST PRIVACY AVAILABILITY CI.ISYTION CONTROL SOVEREIGNTY
XX | JsLab
DAY 3: PRIVATE 5G| EH|AEHE
% 5G private network architectures and opportunities for enterprise
Subscription Control Gaotewoy Services Subscription Control Gateway Services
Pl : / £
J o : / -
nlu-' N : ulu«/./

Public network

Private network Private network
thcwcy Service‘s\‘ i

" H

---------------------- -

Firewall

5

Integrated prwote network

Independent private network

| JsLab
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< 0|85G

- 5G St Y 219 1)
- 5G S5ty Fat+ 33 (2149 68)

Source: https://www.kca.kr/contentsView.do?pageld=www216
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Source: https://www.etnews.com/20220310000198
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0] 2 (e-Um)5G'BHE
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Source: https://zdnet.co kr/view/?no=20211228110405
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% H|=L|2(0]]): LG CNS7} 5G §31US 41Hstn ADtEHER| 0| 5GE ZAgdf C|X|E Mg
NCEES]
£85{247} 5G 0| S EAIY H|R
SGS%Y  SGolSEAY
M2 ARPEZg2 S o3

J~1H|¢ 7|‘§ -’,‘-ngﬁl‘\als’g{z} Olﬁﬂllﬂdxr
AH|A CHAS 8719, 71, OlFE 21
T 7% I 2%E28) 2HIXKB20)

FRUBN  pmopcly  BHRKEIEY

Fot-OHY  4.7GHz 28GHz 3.5GHz, 28GHz

Source: https://www.inews24.com/view/1456796
® e JS Lab
14




DAY 3: PRIVATE 5G2} HIAEH|E i

@ HZEL|IA(0]): LGREHAE 62 HIEYI =2t 7o) 28 D) 2ERE 7|2
25517 fisl ofofEHAH|A FE|otte] HEHT SR E 7|E 7Y

« 5G HEA el=ztof BLE 7|g =Y

- DX7|&S E8FH HEYI EX T4 et dp
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Source: https://n.news.naver.com/article/014/0004798468?cds=news my&fbclid=IwARTNgYO-AXNBk8yzprzyN3IS8684BzLRaHD12b8c9AhWUIY7c5aczEC5D71
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< 480 FAsH 1171 npx| HS: chstpl = 2 B 2| (www.korea.kr)
« SSEOF77H-2UZH 471 Ci4...8F ‘56 Yato|AA F'Y (2022.06.29 W& 7|2 FHE ST

2 of At Faug Het7|n
2322, B8 o 3, ol4Xl
220|565 H|A RaBe MeXg oig 328, o,
[=x=7 =4 f’l— [=X=mar " ;_E—ao 400—|t " Xl’-‘?—-SE 27“ (EO;E Ssqg LHQI)
NIA
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Source: https://www.korea kr/news/policyNewsView.do?news|d=148902999
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+» ABI Research: VMware and Red Hat Come Out on Top in ABI Research’s 5G Telco
Cloud Native Platforms Competitive Ranking.

2]

« Market Leaders: VMware, Red Hat [ QE{Z 20| = M= Ate| 5GE 9t 22t E YO[E|E E3HE X|
* Mainstream: Nokia, ZTE, Canonical, Huawei, Google, Ericsson, Wind River
* Followers: AWS, Microsoft Azure

ABI Research, New York, New York - March 01, 2022
Source: https://www.abiresearch.com/press/vmware-and-red-hat-come-out-on-top-in-abi-researchs-5g-telco-cloud-native-platforms-competitive-ranking/?utm_source=Cision

I X X JS Lab
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% 0|35G FH|

Unk Cell  Link HubPro Link Hub
Private Network Switch
Outdoor Soltion
Private Network Core + Management
Application
Ericsson Private 5G
i - product offering Rodiodot
cm" 5 Mocro radio
Enterprise friendly . - »
b= "

Source: https://www.etnews.com/20220405000071

Micro rodio

SIM cord

Baseband

o0

| JsLab

19

DAY 3: PRIVATE 5G2} HHAEH|E

*
o

HE{Z 20| = M| = ALC| Private 5G Network HE ZE: VMware (0)

Nomadic Edge

Enterprise Edge

0| ofix| AE|=2to|= of|x| W3 x|

/‘

Telco Edge

N

Deployment
Use Cases
Geography
Connectivity
Services

Spectrum

First Resp:

Backpack, Cellular on Wheels

s, Rural Cap

ts, Popup Retail
20 +5q. miles
< 80ms 1Gbps | <500 attach

Location, Voice, Video

Shared, Unlicensed

acity, Drones,

Customer On-Premise

Smart Factory, AR/VR, Health, AGV, Mining,

Robotics, Asset Tracking

1+ 5q. miles

<10ms | 10+Gbps | < 10K attach
Location, Voice, Video, MEC, Al/ML

Shared, Licensed

Distributed CSP Clouds

Smart City, Sr

Environme

, Ambit

100 + sq. miles
<20ms | 200+ Gbps | M+ attach

Location, Video, MEC, CON

Licensed

o0

JS Lab
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< Private 5G at the Enterprise Edge (0: VMware)

Radio Unit

=
1x

COTS

Source: https://blogs.vmware.com/telco/private-5g

RAN (DU/CU) Core Network Element Manager

Edge-Native Applications
On premse mobie clovds.
A A A

VMware Edge Compute Stack

@ VMware Tanzu Standard 22t2E H|o[E| £ (K8s)

. VMware vSphere ENT+

COTS Hardware

XX | JsLab
21
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. —— —
g A A
o QEAA 22 N ZAL2| Telco Cloud A (0f: VMware)
« @ EAEN(OpenStack), FHUY|E|A(Kubernetes) +& X353}
« QEAA 7|8 DE L HEfH FE
o
Complete ETS| MANO-SOL Interoperability Bt -
E
Service/slice Orchestration | S-VNFM | VNF | EMS | Network Service | Assurance | OSS/BSS | SON-DC _
Partners
vmware Telco Cl Automatios
Design | Onboard | Orchestrate | Automate
I
Engineering, e
Management and S
Orcnestration &
Infrastructure A

. (((/38) o) &D @3 o)
©, E) 2 =/ s a
VMware Cloud wCloud Director VIO Tanzu | Kubernetes VCF | vSphere g

Public Clouds Core | Edge (VM and Container-Based) Private Clouds

Source: https://blogs.vmware.com/telco/introducing-telco-cloud-automation,

o0

JS Lab
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% Red Hat OpenShift as a 5G NFV platform

5G RAN

Source: Red Hat

T ——
e
<3

nviDiA )/

5G RAN

Red Hat Advanced Cluster

anagement for Kubernetes

Red Hat OpenShift
Container Platform

Red Hat OpenShift

Manage workloads

Multicluster management

Discovery § Policy i Ci

Build cloud-native apps

Developer productivity

) 1

Service mesh  Serverless
builds | CI/CD pipelines

Full stack logging

tomated ops | Ov

Cluster services

Kubernetes Engine

2{E|2

=

Physical

Red H

ne—
=

15 4

Virtual

Monitoring | Regist

bernetes

N

Private cloud

out

O

Public cloud

Developer services

Developer CLI § VS Code extensions

1 IDE plugins

CodeReady Workspaces

im

lat Enterprise Linux & Red Hat Enterprise Linux CoreOS

ol

Managed cloud
(Azure, AWS, IBM, Red Hat

o0

| JsLab
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< Full Stack for running 5G core (%|: Diamanti)

Hybrid Cloud
Management

CNF - 5G core

Cloud Native
Platform
Services

Infrastructure
Services

5G Core NF

5G Core
(Data plane and Mobility)

Routing and Selection

Policy and Charging

Database

QOrchestration

kubernetes Conclinge

untime

Observability

A

Kibana  Elasticsearch

s ©

DevOps

iy 2
"':l: Astio @ }\

DBaasS

S0OL server

L2/L3

Distributed
Storage,
/DP

Source: https://diamanti.com/tutorial-5g-core-on-diamanti

Networking

CNI/CSI
Drivers

Diamanti Ultima
Storage and vorki

SR-IOV with Container &
QoS VM Support

Network slicin,
nd isolation

StERIO] 7%

g Enterprise
Security

Storage &
Networking
Acceleration

o0

| JsLab
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< 0|25G AIYUX} SKYEHAMH|A

« YI1EEFE SKHEHAMH|ATE METH 4000 7L 2 = (M) THEH Z 2| 28.96H~29.37| 7l 2 X (Gi) 24
100Nz Z2| 4.726H~4.826H T HHIE ST 227868H S0IE(m)2 HEH HJ ST 0|Z568 =Yl
3E 2 AMEStE ZHOo = 4802t A 9| Fhis= 2 CHIHE X|E)

- 380l 0|35G6E =3l X2 0|5 EX(AMR)E 28, 3T E/FE 153 oH

- CIX|E E3 7|te] Ba|/8H MH|22 = SEE A 2LIE /A S 0] Es) AT E4 A 73

< QAREHZ|E H2|-HY > | < AFTYERE 25 2> l< AAZE 2YEY-AI g0l >

Source: http:/it.chosun.com/site/data/html dir/2022/05/26/2022052601500.html

®e 0 JS Lab
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< Local Spectrum as a Key Enabler (0f|: Bosch)

Local Spectrum Licenses Spectrum Needs

= = =
. . .
3-5GHz 26 /28 GHz >30 GHz
= Sufficient bandwidth to support multiple use cases
= Local spectrum allocations as a key enabler & driver = In one of the standard bands - equipment availability
= Crucial for the future competitiveness of an economy = mmWave spectrum alone is not sufficient

Example: Germany -

@ Lessons Learned:

Fee [€] = 1000 + B [MHz] * t [years] * £ * (6a, [km?] + a, [km?]) * Reasonable costs
a;: populated areas, a,: rural areas, f= 5 (for 3.7-3.8 GHz2) or 0.63 (for 24.25 - 27.5 GHz) = Unbureaucratic app"caﬁon

B 3.7 - 3.8 GHz

n 24.25 - 27.5 GHz

' = Quick processing
- = | = No expert know-how required
— Example: 450 000 m?, populated area, 3.7 - 3.8 GHz, 10 years N .
> ~€1450/ year - Enterprise-friendly framework ©
I X X JS Lab
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< OT Network Transitions (0]: NTT Communications Corporation)

ng —TE—

Al 7|t XtS 35}
2 S8t

Local 5G Infrastructure + Edge cloud

FSul As M@ £~ M- W @

Complete
wirelessization|

JFERIRBIY, SERRBDBWY, SEDRBEEY SREBBIBY,
o000
(&) Wesacas ".‘:..‘:-." 2 \l(llcc&' l\.‘:(..:(."

+ Laying wired NWs for collecting operational facility data in a factory is a challenge. - Highly reliable and high-quality data collection are realized by using wireless
« Managing disparate legacy applications is difficult. technology such as Local 5G. i i y ),
- Employees basically need work onsite. - Moreover, remote control of production machines and transportation devices
such as AGV can be expected.
- Centralized application management is enabled by introducing the edge cloud
- Moreover, it facilitates the adoption of AI solutions.
- Integration of OT and IT will accelerate unmanned factory.

o0

JS Lab
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< Private 5G & Open RAN (0i: Bosch)

A=

A ‘
NS & 1

5G networks for vertical applications

Private Networks

Open RAN may perfectly address the specific needs & challenges of private

Application intelligence
& application-specific optimizations
~>=2_running on same platform

.

et i
Scenario-specific tailoring T Department

of private 5G infrastructure

| JsLab

il
il

CRIADTS - Andreas Mueber 128 September 2021 'Sérvice Management & Orchestration *RAN Intelligent Controller

General Purpose Processor

o0
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H| =

% Private 5G (0il: Bosch)

The Private 5G Revolution
Exemplary Use Case

State-of-the-Art

Fleet
Mgmt

7|7| BEst

42 Yazol=

7|5 74
=) 5G as an enabler for more lightweight devices, easy upgradability, enhanced functionality & higher productivity

AuML

LocauonContmI Map FIeetMgmt
’

Edge Clo d

YAy 37t

o0

JS Lab
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< Data Plane 7% (0fl): SUX| & 9|t ZE|O|L] 34

<kalodm>

<kalodm>

“Multi Tenant / Multi Services” vFabric

HZO| p4 AL

More than
5M Sessions

( Virtuz mm 10
PF 1

{Rclcmaa: e (Roadmap)
A A J

tual DC &1 Virtual DC #10
[w tual DC #10 v

T
I
“Slices” |

I

—>

Intel® / BXD Tofino™
P4 Programmable

+
Intel® Stratix® 10 FPGA
P4 Programmable

Source: https://www.kaloom.com/partners/intel/fpga

Z2I% 7ts SEHO Tt

More than 2.3 Tpbs of
combined throughput

o0

JS Lab
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Single Cloud

Single Access

Legacy ICT utilization

MPLS

Office

-
1'; 7'5
—|'r" _l_; X % —1';

o0

Hybrid ICT utilization

i

Multi Cloud Connect

< Enterprise Network Transitions (0fl: NTT Communications Corporation)

Hybrid Cloud

( #olmeE 2819

MPLS

= =
( Internet LTE/SG
A

/

.

Office ) N
CS

27 3

Location Free and Device Free

J Hybrid Access

y

Sho|EE| £ M~

A”*Df

31
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+ HE|Z2REE

=2 (ONF: Enterprise Multi-Cloud is the New Normal)

+ Can't afford to be tied to just a single hyperscaler — 8}L}2| ‘Virtual Cloud’ 28

oM
Ent_erprise

al o Public Cloud

Edge Cloud

Edge Cloud A lic Cloud

Edge Cloud  Goosle Cloud
‘.blic Cloud
Enterprise

Private Cloud
== JS Lab
32
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A
—w

Surveillance
== = &) q
200 M
Sensors Multimedia

ly
iid wif

Source: https://opennetworking.org/sd-fabric,

++ Aether: 5G/LTE Private Edge Cloud

@
Q ETHER
Connected Edge

D Edge Apps ol x| 4

SD-Fabric D 10T Al/ML -
Platform(s) L_1oT A/ML EXE

nRT-RIC / CU /

D sD-RAN [ SD-RAN (0-RAN) | Aether Control

bu

D SD-Core SD-Core
verfene_smgan )

Distributed Mobile Core User Plane
provides local breakout at all
remote Aether Edge sites

@ETHEF

Central

Enterprise
Control Portal

[J

Central loT
Al/ML Apps

and Management
Platform
SD-Core
Control Plane

Shared Mobile Core Control Plane
in central cloud
supports all Aether Edge sites

o0

JS Lab
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Hof
Enterprise On-Prem Edge Cloud
* v v
o
&5 [TTYTT)
loT
. e
[-X-X-J
Sensors
23 ES

(A) T -
M saran | 1 soran

% Aether: HE{Z20|=9| DTS 2|8t 5G HUYE|E Of|X| ESHE QLEAA

Runtime Operational Control

Automatically
Coneinet rex (O]
1 APls

Enterprise
©) e
Hyperscaler Cloud and Hybrid Cloud Services

I
I
1
I
I
1 56 Core
| Config/Control Update
1

I

1

Enterprise
Application

" edge Fabric | : 1 edge fabric
Multimedia Config/Control Update ‘ " 1 Telemetry Config/Control Update ‘ i | Telemetry
. . .
m T ( ) O-RAN compliant, SDN :
Employees # ) programmable small cells  from ﬁ Edge Cloud Services from Hyperscalers
- - .
ff§  st=sof el=at 1:? '
Aether Visitors OMN=
Source: https://opennetworking.org/wp-content/uploads/2020/12/Spotlight-OPs-1.pdf
*e 0 JS Lab
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< Common Use Cases in Manufacturing (%|: ONF)

1. Automation

2. Positioning

AGV (Automatically
Guided Vehides) AGV

'

AGV Use case requires seamless handovers as the
wvehicle moves across radio coverage areas

| Flexibiiey |
WDLOsarsle 50 Kbps | Roiisbiey |
o = |_Low latency |

Velocity 2mis

Safety Scanner

Safety scanner is used in the factory floor to scan
for any intrusion to the pre-designated areas in the
factory floor.

Localization for tool configuration
Configuration of lools which requires positioning of the
tool

E=EE T
ULDL Data rate 50 Kbps — downlink, m
1 MBS - upink
URLLC

Location acouracy 30 om®

3. Remote Monitoring

ARNR/MWorker assistance
AR/VR device is used to assist factory workers
operating machinery in the factory floor.

4. Collaborative Robots

Tool changer
Tool changer robots performing
synchronous operations
ULDLOstarale 50 Kbps
RTT 2ms

PLC communicating with multiple
devices for end-io-end usecase

orchestration
ULDL Datarate 100 Kbps URLLC
RTT 2ms mMTC

« ULDLDatarate 3 Mops 5. Over- iri i
oL Osa rate weps . Over-the-air installation
RTT 2ms | Low atency | RIT 50me s
Velodly ey URLLE Dng tal Twin Software downloads ™ Fiexibitity |
of physicalenty ISR | | e vmovace of i sy |
— _ T
e S Wot s 3ukee woLoume 1 oten e
RTT S0ms «MBB RTT 100 ms Dﬁr—_
XXX | JsLab
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% 5G Use Cases for DoD (Department of Defense)
+ Enterprise private 5G networks
for National applications are
very similar to commercial h
networks (“ ) 8 ()
* 'h‘nost mlhtary_-releted tasks are Warflghter to w;ri";ghter Warfighter to Machine Machine to Machine
behind the lines
2 S A ol Unattended Mobile Cloud
. More challenges in forward- qulrtualfAugmented Reality Military Planning/Training/Rehearsal g i’:ﬁ‘;ﬁgﬁppi"ﬁ Computing-ax3
deployed use cases Video Calling — Ukra High 5
", N e R )
» Opportunities to both use 5G as
: H : Wearables Distributed Smart DOD Posts, . Depot
ert, as We" as cont"bUte Ideas Situational Cranr:ps,ﬂasesc:s!:tsations ". ‘ Automation
to future standards Awareness (@)
F T 3 Health Status @ Vehicle to -
DoDOf|A| Private 5G DOD Installation First Response Remote Surgery [l Vehicle to Vehicle to Vehicle [ Instant
J|&0| e . . Warfighter ,a\ o) Translation
iors 0 Bl | S | 0N |
Ship to Ship
®*e o0
36
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% 5G Use Cases for DoD (Department of Defense)
- Military vehicles and equipment
= Military vehicular networking includes both manned and unmanned vehicles
« Largely mirrors civilians needs — but infrastructure may not always be available
* Need to be able to

o Collect data in real time and data analytics .o \Weight, and Power: and Cost)
o Automated repair low SWaPC(Size:
o Tool and eguipment tracking
o Provide remote engineering support and connect maintenance personnel
Storage Stock readiness Maintenance

JS Lab
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DAY 3: PRIVATE 5G2} HIAEH|E
% Deploying DISH’s 5G Network in AWS Cloud o
5 a =]
+ AWS2| RAN 7| o :
« DISH Network is deploying the first stand-alone, Lo . ! 5]
cloud-native, autonomous 5G network. F—_‘H :l
s UPF
B
[ o)
. T cuup =
i ._ s 5G Core
()
B
-
] 2
o @
L B
HEH MH|A
]
5G RAN Ran o
Source: https://d2908g01vomgb2.cloudfront.net/c5b76da3e608d34edb07244cd9b875ee86906328/2022/02/27 /Figure-3a.pn
® e JS Lab
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+ Microsoft Extends Enterprise Chops to Operators.

* Microsoft, as part of its deal with AT&T, also gained roughly 100 engineers from the operator.
The enlarged team is now working to build AT&T’s Network Cloud technology into
Microsoft’s standard hybrid-cloud product and a telco-centric platform for AT&T and other

operators to deploy. Ms sto|s2|E 229 XBO| ATATE 912 BHAE HZ
* The combination of AT&T and Microsoft’s efforts in this space is unique because it marks

“the first time that a tier-one operator has embraced commercial hybrid cloud technology to
run mobility network workloads,” wrote Hakl, a former longtime Verizon executive.

* Microsoft’s 5G strategy links the private Azure Edge Zones service it announced in 2020,
Azure loT Central, virtualized evolved packet core (VEPC) software it gained by acquiring
Affirmed Networks, and CNFs it brought on board when it acquired Metaswitch Networks.

Ms2| S4IZH| RZ=AL Ol

Matt Kapko | Senior Editor, March 3, 2022 10:00 PM
Source: https://www.sdxcentral.com/articles/news/aws-ceo-twists-cloud-giant-all-over-telco-systems/2022/03,

I X X JS Lab
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% Architecture of the live audio production use case (UC1)

Local 5G NPN Internet
5G RAN

e y Shared Access
s H Client [m———————— 1 hared Access
3 [ ) Audio Device = E | 5G Core : Server )
! Ny Ansiog I :L: module :))) i [ Network M SAS
i i
U UE1L Asca eI |~ : Slicing : _____________ -
I - = | ( : Manager ! Private Data | 'Remote Server|
| PR | B Network } 1 1
| Audio Device s« | | 1 1 ( Core :
i e | : i
; /b Analogin - [ETH €| | vle :))) ’ : 1 Local Audio I il l Configuration | |
i anatogoUT LPHY PHY 1 = = | 1 Service )
i nalog OU! | / H ) ! Processing } i — |
L_:_': _______________________________ _I /I : : Audio Audio } : Operational :
i ] " gNB CU : 1|l source || output || 1 1 {_Control Gateway :
1 Audio Device -+ 1 i : [ } B
i e ] module D) CauEs gNB DU ' | e 4L
: UE 3 Smite i Production
i
L J gNB RU ! ! Operational
o e Controller
RIC (Radio Interface Controller)
Source: 5GPPP Architecture Working Group, 5G Architecture White Paper
®e O JS Lab
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% Architecture of the multiple camera wireless studio use case (Private 5G)

Multiple camera production studio - Private SMPTE 2110 network

Network Slice Exposure — On-Premise Hardware - Local Pmduc(.un
:n".—,' Management Ma:agemem '_

» 2= ojA ArdY

figure

network nodes Dynamic Policy

Management
(e.g. QoS)

OB-Van /
Local Studio %ﬂ??

5G to 2110
Gateway
(IP video)

Over Public Network (Best Effort or QoS)
7HeE AbE Y

Virtual (Cloud)
Production

\ Virtual Private Network

Operational
control Gateway

Media controls, device discovery and registration
Monitoring, synchronization

Source: 5GPPP Architecture Working Group, 5G Architecture White Paper

I X X JS Lab
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% Industry Digital Transformation and requirements for the communication connection

Devices Edge Computing
h Move~

Hotel Factory - i <10ms, >20Mbps, Full Mobility
=) Drone . et e T 5 Drone Control
[l nll gl o - Server
—r ﬂ
U AGV AGY  Move H % <10ms, Kbps/10Mbps, Very Reliable y AGV Control
Stadium/Event Hospital x ” T ,\3 201 2UtX} (Automated Guided Vehicle, AGV) Server

Al Video Analytics

4

100ms, >20Mbps
=———— ) ¢ >
> Video oﬁ
HICI2 ZA) syrveilance

—
—
=3
5 (3 AR/VR Rendering
O
—
—
—

= Wiatahiouis 8 < 2-10ms, 1G-100Mbps, Full Mobility
AR/VR -— Server
7-"_: L > o) 100ms, Kbps, Massive Connectivity S
JE Sensor :
[FFF
Construction Airport ac 1ms, Kbps, Very Reliable Robot Control
< >

server

Industry
Automation L

H .
Smartphone r_l3 i P

Intranet Server,

Sin

University

Internet

Intranet Server,
Internet

Office PC B < 5

Smart Building Private Network

XX |  JslLab
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% AWS Private 5G for enterprises and AWS Wavelength for moblle operators

Source links: AWS recinvent 2021 2021.11 »), AWS, 0 ile Pri ks P mpyting a0
aws
AWS Region Order Activate - Manage scale Monitoring
v ‘wec
_ osy SemtY
L /S ! [ 5ac cr RUEND 3
\ J :
SGC CP/UP all SGCCP is in the doud SGCCP/UP all n
‘within the company © 5GC UP is within the company the dloud
VS Wavelength 2. AWS Outpost 1. 5G Full Set on Premise 2. Hybrid (up f 3. 5G Core on Cloud
5G Nat| u"wldrNc‘!wan( i
On-Premise On-Premise On-Premise On-Pfemise
. £C |  MEC aws aws aws i
MEC C""." ' mEc 3 :
» MEC e “mec 3 MEC
ws nterprise B o socor IO
Deploy aws Deploy B, AWs
AWS > MNO i AWS > Enterprise S
sonan ) seran ' saranpd) 5GRAN! L’

Y-

MNOS VR Saioved AWS Whesergrh MNOuthe sepiownd ARNT Oursen CBRS/ CBRS/ BRS/
verizon’ (e > vertzon’ o J pemes | f s f iecise J ieaise f o
Pl ey i requency requency Frequency Frequency Frequency
Boll e
Install AWS Wavelength on 56 AWS Outpost + RAN AWS Outpost + RAN AWS Outpost + RAN RAN installation in
network edge. installation in enterprise instaliation in enterprise installation in enterprise enterprise

Source: https://www.netmanias.com/en/?m=view&id=oneshot&no=15352

o0
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% HFR’s my5GR™ Solution: Private 5G Total Solution

my5G': HFR's Private 5G Total Solution

|

5G Modem/CPE 5G Radio Unit H/W Fronthaul 5G vRAN, 5G SA vCore, Admin Portal,
(Sub-6, mmWave) G/W MEC and Self-Care Mgt Cloud,
Portal on COTS Server Apps Market

BMICHEE OI==0 JI8E H T3 7 E5LE ZE7IdEH= 'RG-ACIA/Alliances far Cannactad Indistrias and Antomationy

Source: https://www.netmanias.com/en/?m=view&id=blog&no=15161

o0
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o:o OliiE'iE
Create a common
o), standard
C Yot 5ES 2HE7
8 Work with an end-to-
end partner
(_ End-to-End THELI2t B

Create a staging area

Create replicable
templates

2to| =& 9|8t 710| E2}2! (Guidelines for enterprises) 0f: ONF

B

Create a roadmap for

use cases
(u

se CaseS 9%t EEY QHE7| )

<

Do a PoC / Trial

7Y o]

el

( PoC 3}7| )
Build a common
management layer
( 3semaAsE©El )
Select a solution that
can scale
( #gmsycsRady )

DAY 3: PRIVATE 5G2} HAEHE

Id

Public
network

« Efficient use of
infrastructure and
spectrum

* Mobile edge
computing within
public network

Public
network
with SLAs

* Operator
expertise and
spectrum
portfolio

« Superior
customer support
and SLAs |

J\

Public
network
with slicing

= Dedicated and
customised
network
resources

» Higher data
isolation, security
and privacy

< F{AE{0t0|H|0]/4/X|0{/H| & (Of: GSMA Intelligence, GSMA loT Programme)

Groupe Speciale Mobile Association (GSMA)

(s B 5 By /2 ~\
Public Private Private [
network network network
with local (operator (non-operator
infrastructure spectrum) spectrum)

* Dedicated « |solated network « Direct |
network - Managed service responsibility for
equipment or leasing of spectrum access

» Choices regarding spectrum and usage
localisation of « Customiised « Independent
data/control design design, operation,

«On-sitemobile || operationsand || °’°,‘”"':me”t e

J edge computing J deployment !L radio plan

\

Less control
Lower cost

Less customisation

(" 72E{otololM/Hoiu|g 1B )

E Global System for Mobile Communications

More customisation

More control

Higher cost

o0
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% OpenRAN and Industry Collaboration

{25 TELECOM INFRA PROLE
OpenRAN Productization X/ !

o Interface e Common e Vendor o Test & e Field Trials & e Adoption &
Specifications Requirements Build Validation Deployments Proliferation

ciad

oy
P ggg
ORAN R

so-=Ar oTIC
Dgf D-RAN

Open Source SW

Source: https://telecominfraproject.com/openran,

I X X JS Lab
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DAY 3: PRIVATE 5G2} HIAEH| E
< 286HCHH 2 600M:Z(28.9~29.56H)S S50M:= 127} E52 2 LH50 £27|Ho| AMH wat
oY oogg 22
< 66H0|BH(Sub-6ilz) CHE 2 AL +=28 n2{s] L& X[HOA T AFEStD Q= 7|&E 245 S0t
Fot+E 35 AI8%s WAL E 4.7 CHE 100M:%(4.72~4.826H) 2 L5120, 10M:% 1074
TFHES)CE L5 27|49 MHEY w2t HE HHES 32
26.5 28.9 29.5GHz
< 56 3% Foi+ Y EFHY > 50 150 150 § 50 |50 f 50 | 50 | 50 | 50 | 50 | 50 | 50
d9 | wesnpy | LFIEEEL) Sl i £
4.76k(n79) 304 40, 50, 60, 80, 100
28@(n257) 1201 50, 100, 200, 400 45 4.7 4.82 5.0GHz
% 3GPP 38.101-1 Table 5.35-1 Channel Bandwidths for Each NR band(21.108 7|E . : - :
10 10 {10 | 10 10I 10 |10 1(] 10 10‘
I X X JS Lab
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DAY 3: PRIVATE 5G2} HIAEH|E

& S5 ARAXII} 7| ZHEMARARLE SE510] 286k LS 0|8 O|SEAMH|AS H B3
HQ JhUXt T MBE|E MHA THHE HA £7]% 2,0002014 200822 1/10 ZEE
chrts o8

& Kt7HY A|AXtO| CHSHME 286k CHIO) CHZH HIIAIB RS HA 7|F | (hE 2Asta,
2% BEo| H|Ye|Holo| thaiME HIARRE HH|

ez rEy

BiEtT7L = 7|Z3Y x (53 + 2, +1) x 0|87 (Zk x Cfei=

NZIES - 476CH (100,0003/10M:F), 286CH! (50,000/50M)
2) BX(a, ay) : Al K@), CHEAl 212] X|99(a,) (BH9: kf, AHE 7|F)
3) 01 8712 : Fofse| & 0|87[ZHErl: &)

A0 9 5 YUY SESUEUR JIE) x MHCRL (476007 100 (28HCH) SOM

Source: https://www.netmanias.com/ko/?m=view&id=blog&no=15133
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¢ FRFO| A 5G Fats T ¥E (Sub-6 and mmWave)
3.7 - 3.8 GHz 100MHz 2019.11.21 TS AHIYA|
£ BNetzA
24.25 - 27.5 GHz 3.25GHz 2021.01.01 HSAHIA|
38 -42 GHz 400MHz 2019.12.09 TS| AHIHA|
b Ofcom
24.25 - 26.5 GHz 2.25GHz 2019.12.09 TS| AHIHA|
46 - 49 GHz 300MHz 2020.12.18 TS| MK IHA|
AR MIC (BEY) 28.2 - 28.3 GHz 100MHz 2019.12.24 TS| AKHIHA|
28.3 - 29.1 GHz 800MHz 2020.12.18 TS AHIYA|
o= FCC 3.55 - 3.7 GHz (CBRS) 150 MHz 2020.08.25 PAL ZOj &t=
471 ~ 482 GHz 100MHz 2021
sk IpIEER
28.9 - 29.5 GHz 600MHz 2021
Source: https://www.netmanias.com/ko/private-5g,
I X X JS Lab
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@ AMd 5GY SHEE fITh 7| MK

1. 7|240| O] EAL AHE 56
MH|AE 0|83= BS
(NTT Docomo, KDDI,
Softbank, Rakuten)

2.7/240| 2% 56 =y
F&/2YSE B

3. 7|20| 2% 5G MH|A
Atgixtel MH|AE 0|83t
o
o7
(NTT Com, NEC, Fujitsu &)

Fo

Sub-6, mmWave ©
3.7GHz, 4.5GHz, 28GHz

Sub-6, mmWave ©
4.6-49GHz, 28.2-29.1GHz

Sub-6, mmWave ©
4.6-49GHz, 28.2-29.1GHz

eMBB, uRLLC, mMTC 0B 0® o®
g493 & (0 I © 2 (@o|nto|xE) © L& (Qlojmo|x{g) ©
Full Control o® a
Network Slicing o® Fay
IS8R U 2220 26 20
Fiis U8 HS 232 R (HAH M) © =D o8 #S oy ©
EAYLIEXN | dHexMEes© THEX|H U B f= HLIRIE M2 ©
HH|EX EL2 © | 3 (SGRAN/Core § POl) @ =P HHY 2K MH|IA ©
28%st 320 XA LQE B P ofLixlE MulA ©

Source: https://www.netmanias.com/ko/?m=view&id=blog&no=15054

U ArARE

o0
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ol o

Source: 5G £33 7to| =2t , 0t7|H S5 /KCA (2021. 10.)

<~ B3y 718

A AE M =
Argiol Ebetal gol
HIOtR A EHag
A A" HCiAL M

HEQD 75 HA

o0
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DAY 3: PRIVATE 5G2} HIAEH|E i

< Network planning process steps (H|Z A} 0f)

AFE AlE (2 =AY

7l& A" (HH2|X], 8T, dAh

M A= (Fots, FE 23, ohet E)
43S (3

L

AW

DETAILED PLANNIN VERIFICAI. L opTiMiSATION |

Source: ADVANCED CELLULAR NETWORK PLANNING AND OPTIMISATION, Ajay R Mishra, Nokia Networks

o0
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% 5G S3Y HESLHI 4A EXHCIA)

ogAsE ¥ @uZEM @A Eglojd @Y &4 Ok F2-

Jx 7K
HE Muj2 9 (= AX7ts = HHX W = AFEME = t‘;‘l}f}
X0 B XAl 2EA Mok 7k D Tees
Au{e[x] Zo| o8 ZA sS4 e 7Hg e OlF{lL} st Br
Z/HANY

| A|(Busy Hounel 282
Egf= g gz

Source: 5G £33 7to| =2t , 0t7|H S5 /KCA (2021. 10.)

o0
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DAY 3: PRIVATE 5G2} HIAEH|E

< Al ZI¥ (0l): 5G Enabled Digital Transformation Engagement (Z*{: Capgemini)

Problem and business goal definition Legacy and interface assessment Change management

Solution architecture and Proof of Concept (POC)

Business and product requirements development

24x7 maintenance and support

Application use case capability across 11
industries

Security and performance testing Continuous delivery of upgrades and updates

INTEGRATE &
EST

EETE

End-to-end IT & OT systems integration and
verification

Reference architecture design services

Deployment and integration of monitoring and

Use case P ; a"g"d T b management tools for infrastructure,
middleware and apps
Component sourcing, selection and validation Go-live test and handover

®e 0 JS Lab
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-

% 5G NR 7|X|3 %75 2
= 29 oA T 53E I
S LELET M | |
0 = De-centralized

- WSY 0|53 Ti- 248 cu/oU M 4E Y 3

« OH[HA R
eCPRI

u ,
* QoS EEet :ﬂlx %‘ O kgLt o sz | HEE HIOIE H3ol
— - — [ <) o e 747
. ZEM 3|0 wot we e R R——
&= 7} EhA CPRI/eCPRI conversion B LsyerProcecsing
- 45 doh ARy | woied | WFW 7|0l QuR mEE,
S
"—l- |2=xerung | mvic ma
B Packet Processing Function
eCPRI Centraized I Radic Control Funetion
:ul‘_-_ Y58 7% SuTtY BEY
op Dissggegated Disagoregated
M o o mp o | FENE 2800
-l | TP R e cporey s mia
Source: 5G £33 7to| =2t , 0t7|H S5 /KCA (2021. 10.)

XX | JsLab

56

28



DAY 3: PRIVATE 5G2} HIAEH|E

.|

MH|A
Hojg | X2+ H7|
T & HEHZ 5 ot QoSEH X
zal ol3 © | M8= T | nas
5620
sars | O e A ° © © o
5630
Y83 R 8] A O O O O (@)
(CP3HY)
562
Meze A A © A A @) A
¥ O e+ E= WREQ, O S+ L= R, A BHE
Source: 5G £%2 7t0| =210l , 1t7| H S5 /KCA (2021. 10.)
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DAY 3: PRIVATE 5G&} HIAEH|E i
o E31Y £ Al DE{sliof & Eot AFHE
o & o= HEYEN-7 HAYE
22, IPS, DDOSCH S H|, -
< “: - H":A' ccols 47|18, 1TSCC e
H2EH S 205 ROHE-28H
THCCOF HE U 130/ 2x9
o X A I O}MHStAM H= A X MEHE
|:||E'T‘|5- OHL 7}_10_‘9f(SDN*) I1|E EI_I‘_l H oOo '-T%WE?_UI%E—?_’.\_ JXI'OT =]
(=7HRIAH-SS 7|2 3h
OIS3IDE x—l%
022 |’_|_|§ i KCMVP i‘oA x‘iﬂ-g-’?’-ﬂ
(F7FAIRH- S22 2h ETAL AU Rt
Source: 5G £%2 7t0| =210l , 1}7|H S5 /KCA (2021. 10.)
I X X JS Lab
58

29



DAY 3: PRIVATE

5G2l HHAEH|IE

*,
0

¢ T MH[A F2 SHX[E (A

49

&g MRS, 433 29 B8

5G 52t A|2E0|Me| HiolE HE R[AUAIZ

=
>£
k>
>
1o
=
QL
0
&
ol
-
o
3

CHE-AE O HO[E SMAl +AEA] 28 HOEE HIE

H& 4 & (Throughput)

G Afe 7He) HOJE $44 45

SINR
(Signal to Interference Noise Ratio)

BLER(Block Error Rate)

=28k Downlink), @28 (Uplink)2| Block Error Rate

Source: 5G £%2 7t0| =210l , 1t7| H S5 /KCA (2021. 10.)
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DAY 3: PRIVATE

5G2} HAEH E

« E31Y 44 =7 (o)

<X Y ME
- B3I A (0f: TE AXIL01Y YR H EF)

« A|E2{|0| ¥ &(iBwave) AH& HHZ|X| dA|ot HYUAE S ALT W o= AL
- ZH|HEE nafst 7|X|F2| X|ZLKE £SEH
- dX|of st M|, EYO| 2| MEeE 5 YHEMUIA Wt 2E dHAEME HY-4HE

Source: https://ibwave.com/ibwave-design,

https://www.gapwireless.com/manufacturers/con
sultix/attachment/3d-heatmap/

https://www.gapwireless.com/manufacturers/consultix/attachment/3d-heatmap/

o0
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'

31 24 (o)

Hagol
LOS

o 0

Source: 5G £33 7to| =2t , 1t7|H 55 /KCA (2021. 10.)

ggﬂl%(ia—i S) 13: R 7|X|5 +, YH[HE &HE

DAS Passive Antenna

Univarsal Mode
Messurament Unix
Macro Lavel
Primacy Band

Band 1. Tech 3
Carrier Frequency

B79(4700 MHz)

Band 1. Tech 3
et Psrad par-
Rntenns (damb

Dominance (48}
Max Cable Length (m)

Integrated indoor
Modaling

Gigabit LTE Feature
Selection

Lean Carrier

Humber OF
Floors

Mo Of Floors
Simulation Type
Band 1. Tach 1
TO0 SubFrames
Band 1

External Antennas
Enabled

Number of Nodes
Deployment

Targat Coverage (%)

Integrated Micro
Modelling

Carrier Aggregation

256 QAM (Downiink)

Floor Meight | Calling Meighe

Country

Trathic Growth Analysis
indeor System(s)
Band 1, Tech 1

indsor Syctem

Band 1. Tech 1

MIMO sacde

Enable NLS Radic Dot
Positioning Simulation

Floor Material
Call Bordar Shifting
Uplink Traffic Volume Per

Subscriber
(GBMomhSub)

CRS Gain

User Maight  No. Users /
) Floor

o0

EZHO| 2 476k QHE|LE 222F £HE OflA|

Operator
Enterprise

Complexity
Band Type
Band 1, Tech 1
Technology

Band 1. Tach 1
Domnkink Bandwidth
[y

Modeling

Max Coverage Per Node
)

YoUTE Capacity
Simutation

Downkink Traffic Volume
Pear Subscriber
1GB/Month/Sub)

Combined Coll

Flosr Area Aol Area
(e tm®)
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% SIM/eSIM HIE 35§
1) 7|&E sIM

2) eSIM (eSIM D|X| & THY, eSIM X|H THE)

1) 7| &E2| sIM Cards (pSIM : PlasticSIM) ): Pre-loaded Profile

Standard (2FF)
25 x15 x0.76 men
Micro (3FF)
15.x12x6.76mm  Nano (4FF)

/W packaging
Pre-loaded

esiv O] X| JEH |
(LPA (P20 0T

suABpe  smeld profie wiw ¥ 1ype
3

P-SIM4G Pre-losded  ReadOnly Smartphone

2) eSIM Cards : P-UICC ( eSIM ): empty Profile
(LPA-e & SIM Card Type HW Of] BIZH )

Standard (2FF)
25115 x0.96 mm

Micro (3FF)
15x12X0.76mm Nano (4FF)

o (P —
esiv O|X| {CHY |
J (LA (SHRFO O] )|

| LPAe (SIM CardO] E7H) ‘
+LP Aflocal profile assistant)

sin AL Type Profile RIW

p-rce( empty Read / write

3) eSIM Cards : P-UICC ( eSIM ): empty Profile

standard (2FF)

25 %15 20.76 mm

si A8 Type

PUICC( oSV

Micro (3FF)
15x12x076mm  Nano (4FF)

8.8 0,67 mm

esim X| A THY

[ LpA (SFREOI &) |

sim EFe Frofile  RIW Y Type
e empty  Resd/write Smartphone

Source: 5G £33 7to| =2t , 0t7|H S5 /KCA (2021. 10.)
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% 5G UEY I A=t H=A

« 5G I 0{(Access Network) 222 EE &

FUS ERTO7IY SH22 AF0| 348
« Fa7IY2 224 HH| § H2 MBHM S

= 284 SHEfiLE Z4171/DAS o322 2|25
292} 44
- FL (oEala E Ol0| AL E2X] KRINAE(LTE)
;]; 0|=9f0(0f2|A MLAHRLIZHOIMZ 71t E Ghojlle
. QUIHAE B ETEEFE) g2lc (hsisiol
FM2E (=710}
56 ERE§
—~ [ %E ey
B, ?é;lw e a 7|x2 { :
3 ~ = g 4 1
. A\ Y Yy
’ RRH - 1
R RFGE { Edge Cloud :
’ i 1
’ [ 4
'd
Afd 4
Source: https://m.blog.naver.com/drryuhk/221898589988
®*o O JS Lab
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< SMZEH| X|ZAF HUCOM Wireless (%)

» Qualcomm At2| %|4l Chipset 2! X55 5G & Chipset.(SDX55-0_%| 49| HH AL)
- HErH4 : Robot / Smart Factory / Router / CCTV S ZHH HHUN HE 7Y &,
» 5G Sub 6 Module SKT & LG U+ 215 &2, (20204 10¥)

- mmWave Module LG U+ 215 &t / SKT ¢ ¥ &.

EGNR Multimode

Toloklo}
(Gen 2)

Model HM-900

SGNR [3GPP Release 15 NSA/SA

5GN
R Sub-6G |N77/N78/N79

mmWave | N257/N258/N260/N261(Option)

3GPP Rel 15 modem
+ Standalone Multimode modem

+ All RAT-2G to 5G-NR & GPS

+ SA and NSA Sub-6

+ NSA mmWave

+ Sub-6GHz 5G FDD and TDD

+ 5G core network Opt. 3and 2

+ 4G: 20-layer DL/ 2CA UL

+ HPUE Support for 4G and sub-6 56

+ High Power mmWw Support (45+ dBm)
+ PC5 Support

+ mmWave CPE with QTMS27 Sub 6 Module mmWave Module

®e 0 JS Lab

LTE | LTE-FOD |Band 1/3/5/7/8

DL 4*4 MIMO | Band 1/3/5/7/8

WCDMA Band 1
Interface PCIE 3.1, USB3.1
Module interface | M.2
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PRIVATE 5G2} EH|AEH|E

* 5G vCore, CU/DU

HE ALY 5G (v)Core & 5G CU/DU

« HHE Sty £ 4 (o). 22t

mmWave Small Cell

5G Cu/DU Device Type integrated Type (All-In-One)

|

Source: 5G £3tY 7t0| =2t , k7| H S5 /KCA (2021. 10.

3GPP Standard 3GPP 5G NR RellS
20 8 7AAKS 200,000 Device Type (CU/DUY Frequency Band  28GHz (265 - 295 GHz)
SA 4B AU S 20000 IGPP Standard  3GPP 5G NR RellS — Quplex Moda L.
—— —_ Network Ar ture  SA
SIE[HOI~ 1G, 106 or 25G Opt Frequency Band  4.7GHz (472 - 4.82GHz) -
i i Data Throughput _ DL: 1.6 Gbps. UL: 075 Gbps.
UL 20Gbps, DL 20Gbps, 25G Network. uplex M e
Throughput Non QR A s —Dipietive 10O Modulation(Max)  2560AM
AMF/SMF/UDM(with AUSF)/PCF/UPF/ NetworkArchitectins SA MAX Bandwidth  400MHz
EMS/DB Dats Throughput DL 3, UL: 08 SCs 120kHz
WE Hw, SH TE hw B2 71
& Hw, B8I0] & Hw 3 25 GAM NRAG FY
it 5 ¢ T
B W= D310 MAX Bandwidth  100MHz oSO, SATIER
7|%t Platform, SW  Docker Cantainer = = 0125
71t 20 CU B8, Network Slice el s Active UEs 16{22), 3223)
= No. of Cell 1cell
Active UEs 32(22), 64(~'23) Network Interface N2, N3, Netconf

Network Interface N2, N3, Netconf, ORAN(T-2x) g e oo IORAN 700

Fronthaul Interface  eCPRI(ORAN 7-2x) Synchronous GPS, IEEE1568, SyncE
Synchronous GPS, IEEE1588, SynE Radio Conformance _ 3GPP T538.104, 3GPP TS38.141-2

)

o0

JS Lab
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DAY 3:

PRIVATE 5G2} H|AEH|E

< HHE S31Y £34 (o)
» 5G Small Cell Solutions

: 0| etojojE| &

QUCELL* 56 mmWave
All-in-One Type (CU+DU+RU)

QUCELL®can meet differentrequirements with various products, QUCELL® 5G solutions support mmwWave
and Sub6, NSA and SA. QUCELL® 5G solutions offer private, high capacity and secure 5G networks for var-
ious scenarios — smart factories, office buildings, hospitals, universities, stadiums, shopping malls and so on.

Frequency
Transmit Power
Bandwidth
RF Antenna

Synchronization

Interface

Power Input

Size
IP Grade
Mount Type

Source: 5G £33 7to| =2t , 0t7|H S5 /KCA (2021. 10.)

QUCELL" 56 Sub6
All-in-One Type (CU+DU+RU)

o0

JS Lab
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DAY 3: PRIVATE 5G2} HIAEH|E

« HICiE 31 284 (o): /RII2E
m

mWave Small Cell, Sub6GHz Small Cell

= CU (Central Unit) / DU (Digital Unit) / RU (Radio Unit) integrated
= Standard : 3GPP Release 15

+ 56 NR NSA
+ EN-DC
'“"“l "lnlli + Sync.: GPS or IEEE1588v2
Frequency (Band) 28GHz (n257) : 26 5~29.5GHz
Maximum Tx Power EIRP 50dBm (64QAM)
Bandwidth B800MHz (2°400MHz or 8*100MHz2)
Modulation QPSKI16QAMIBAGAM
Antenna 128T/128R MIMO 2x2
Backhaul 10Gbps SFP+ 802 3 10GBase-X
Power AC adaptor : AC 100~240V, 50/60Hz DC 12V Using AC/DC adaptor
Power Consumption <T5W
Size (mm) 275(W) x 275(D) x 50(H)
Weight 35Kq
Temperature 5~ +40°C
Installation ‘Wall Mount

Source: 5G £%2 7t0| =210l , 1t7| H S5 /KCA (2021. 10.)

EUCAST

Frequency (Band)
Maximum Tx Power
Bandwidth
Modulation
Antenna
Backhaul
Power
Power Consumption
Size (mm)
Weight
Temperature
Installation

» CU/ DU/ RU integrated

* Standard : 3GPP Release 15

* 5G NR SA

§ * Max 128 connected, 64 active users
* Sync.: GPS or |EEE1588v2

Sub 66Hz n78, n79, and etc.
EIRP 50dBm (B4QAM)
100MHz
QPSK/16QAM/G4QAM2560AM
2T2R MIMO 2:2
2.5Gbps NBase-T Ethemet 8023 10GBase-X
AC adaptor : AC 100~240V, 50/60Hz DC 12V Using AC/DC adaplor,
<25W

200(W) x 200{D) x 62(H)
25Kg

-5~ +40°C
Wall Mount, Ceiling

o0

JS Lab
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DAY 3: PRIVATE 5G2} HHAEH|E

+ 5G 3ty £F4 (o): ollx|ofl =

» vCore, vCU/DU, CPE
* Fronthaul Gateway
* PRU

+ AAU

* mmWave AAU

we HERIne

Source: 5G £%2 7to| =20l QVI’S%—‘?—/KCA (2021. 10.)

o0

JS Lab
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DAY 3: PRIVATE 5G2} HIAEH|E

*,
0

% 5G S31Y &8 M FH(0f): of|X|0 = cu/DU & O-RU

2% 74 ¥ 48 Throughput ZE

+ QY€ Radio Unit 242 Capacity®} Coverage® 112{510] T80 P& U * FHM ZH|& Shared 4 (EH2 ) 7|5 X9, MY E STSHAN b2
+ HFR ZHlE ORAN 7.2« 2E{H 0|2 X|§. DA Radio HH|2tIOT U 8 7Hs 5G AfH| coverage %3 7hs
Conventional Passive DAS (PRU) Active DAS (AAU) PRU and AAU co-location
e 4-MIMO L
= — 7%\ . o service
[ ~RAU — AAU
4-MIMO service -

__SiSOservice

FHM (FrontHaul Multiplexer)
DAS (Distributed Antenna System)

cwou ISOservice

eCPRI (FS 7.2x) T m
Source: www.hfrnet.com

XX | JsLab
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DAY 3: PRIVATE 5G2} HHAEH|E

< SAZEH| H[ZAL HFR 5G NR RAN £&4 (o)

*  Subb single & e E
«  mmWave single &
* NR-DC dual ¥ (Sub6 + mmwWave) I¥1

[ 1]NRDC & mmWave HES SWHZ (CU HESLTEeNB XE22 £4) B810{ ENDCE X8 7ts

HE 7Y g

Sub6 DURU UMY mmWave DU/RU %1% - cupu ME

€ D Sub6 CUDU UMY (ULE)

Sub6 RU LB 2 Subb CUDU YH (U2AF)

o B o L4 | s | 5 Subs DU E2AY (4SIE)

L ] @) SubbCu E2|H (L)
felh )
= 1 5 mmiWave+Subs CU £2/8
— 10G or 256G 0] (HUE, Fi/F2 AEHO|2)
Ty {eCPRI, Op. 7-2x) 106 OIC{SA (mmWave, F1/F1
— IE{0|2) © RUHE
oo ‘ ‘ T : 1 Subé (4S% 0-RU
cuo 2 Sub6 2FZHO-RU

3 mmwave DURU ZHE (HUE)

Y e FH Mux (optional, RU/DU)
- ol L
-— o - T o 2|t # 0| EY
Subf CU/DU WHIY SubB/mmWave CU 228 1 RU-DU QIZE A A0 EHO]

Source: https://www.hfrnet.com/front/main/mainPage

I X X JS Lab
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DAY 3:

PRIVATE 5G2} EH|AEH|E

< HHE S31Y £F4 (0l):
» Core, Access

W2 Coveragel B 56 Service 33

Baseband E

High Capacity Baseband for Mass Deployment

Conventional Radio

o4

SAMSUNG

Samsung 56 +4 &

Compact Core SolutionS 2 %8} 78
Tl ol BEHE B WY A2
DATA gt 2]

5CO | 5G SA Core Function 7H8 78 | NMs |

56 Core={Active) |
1| 5G Core-(Standby) e

[

Private
Cloud

s | Bearer(DATA)

Access (Above-6GHz)

Access (Below-6GHz)

Compact Macro Link Cell

i
Baseband, Radio, Antenna Integrated Unit

&2] DATA BUE B8 CIYR Mu|2 7bs

Radio In-building Solution

-

—

Dromes Machines Vehicles MR/AR

Scalable Capacity

b~

Source: 5G £%2 7t0| =210l , 1t7| H S5 /KCA (2021. 10.)

o0
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DAY 3:

PRIVATE 5G2} H|AEH|E

o

» HICIE B3ty £24 (ol):

Source: https://www.dac.nokia.com/private-wireless,

®o 0

= 7| OF(Nokia)

+ An end-to-end platform that makes private wireless networking and automation easy

Lets you create and manage

Comes with spectrum, edge computing, access points,
multi-local networks

applications and user equipment

e e  AdtomationCloud
- ™~ e
7 : > or ]
// 4G & 5G spectrum options \\ ! o your prenmises / _
o / e \ \
e mee = S, < o p
/ oz ~ \ X 3 Y
noKia / - + ~ N\ o ~
/ \ /
/ g J Sttt L . LN L \ Edge 1 \
{ M \ - ]
u \ RN \
Pico Micro Mini-Macro Macro Edge \ L oo
Coverage Coverage Coverage Coverage Various redundancy options
radius: radius: radius: radius: Nokia DAC application
20-100m 0.5-5km <30km <50 km framework N
Indoor Indoor/Outdoor  Outdoor Outdoor L ~ R
Edge

Nokia DAC device management + Nokia DAC catalog

|  JSlab
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DAY 3: PRIVATE 5G2}

HAEHE

< HIHE S31Y &84 (0): =7|0K(Nokia)
» Nokia Private Wireless Solution

1. Nokia Digital Automation Cloud (DAC), Plug and Play
2. Nokia Modular Private Wireless (MPW)

5G SA industrial-grade private wireless solutions

, Digital Automation Cloud @ Modular Private Wireless

5G SA Radio solutions

=

Source: https://www.netmanias.com/ko/private-5g/vendors/1550,

R —

Customer Premise: 1% 1

Customer Premise: 71t n

XXX | JsLab
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DAY 3: PRIVATE 5G2} HAEH|E=
< HICE 3L £84 (0): 0|2 & (Ericsson)
* Private Networks e T
Remote Radio Units Micro Radio 4G Radio DotSystem E E 5G Radio DotSystem E
S— i T :
(tllli) P8 B s
P e
i g Antenna Integrated Radio; NR/ g
o maima -ﬁ—u—iﬁ"tl Boseband 6638 (NR) : :
] o e i s i 5 1 Goscband 6630 (LTE) : :
£ ‘| Router 6675 i E
E Enterprise Core (5G EPC) ' E

VoLTE Server (optional)
Enterprise Multi-Purpose Server (MPS)

Power Supply

JS Lab
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DAY 3: PRIVATE 5G2} HIAEH|E

o HIEE E31Y £8M (o): 0=} &(Ericsson)

. ana te Networks Ericsson: Dedicated Networks 5G SA Trial Kit (Industry Connect with Radio Dot)

Management
cloud

Network
Management

Portal

-@

Radio Dot
Radio Dot (Antenna), Indoor RU (IRU), Baseband, CU, 5G SA Core
Ericsson Management Cloud, Network Management Portal, SIM Card Writer
Source: https://www.netmanias.com/ko/private-5g/vendors/1549
*e 0 JS Lab
75
. A E C
DAY 3: PRIVATE 5G2} H|AEH|E
< Fujitsul| Private 5G ZH|
PW332
———— g Indoor RU
5 (4.8-4.9GH2)
g e : PW332
PW331 { : Indoor RU ZA1&H|
FUJITSU Network PW300 outdoor kU B
(L uE)
(4.8-49GHz) | § H
= Spectrum: 4.8-4.9GHz ! ' -
« Bandwidth: 100MHz - !
« Users: 64 devices/cell . -
« Throughput: downlink(1.7Gbps), uplink(0.2Gbps)
PW320 PW310
DU CU/5G Core/EMS
Source: https://www.netmanias.com/ko/private-5g/vendors/1549
*e 0 JS Lab
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DAY 3: PRIVATE 5G2} HIAEH|E

«+ Azure Stack Edge

Azure Stack Edge Azure Cloud
O @ -

Local edge compute =
+ Azure loT Hub

«
~» L > s | AI200:
l.ocal Azure Stack Edge Azure services

. HaVGWare accelevatluﬂ 5‘0"599 claud resource
—

On-premises l_l_r_l_l L £ @ a G
devices Azure Storage
= -—-—l --I l-- (Block, page, and files)
d data

On-premises systems an

(Radio 748} 2O MZA 21%)
( aaTagas )

XX | JsLab
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DAY 3: PRIVATE 5G¢} H|AEHIE
< AWS Outpost Wavelength: S&IAFAX} LHO| 75 AWS 1 Z2} AMH|A
+ Wavelength= S41AF Lo HX[E 78FY
- gt 7t Pt CE2H|, Wavelength B AFE 17| 2l M e AME A8 (Opt-in) IPH0| 2Q
« AWS AMH|A Zof HgHE Y& AMH[ACHALE Tts
. MH|AL OIE{WIE EofM XIT H30| E7I5H0, EAAF U2 A0 MH|A 75
+ Wavelength &9 Ztofl= S410] E7t
! .‘1 o 1 e IR
s 1& @ ‘fdﬁjlﬂ
w Eﬁ' gy | |
H ‘ ‘
XX |  JslLab
78
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DAY 3: PRIVATE 5G2} HIAEH|E

|

% Private 5G infrastructure supporting Industry 4.0.

Private Network Qverview.

@ Enterprise Elements

Statistics
Network

Management

5G Core

SIMs
Session Mgt

Routing

a.. 1-8 .&

i 5G

“URYJ 1 g8 =
10G 10 |46/ 5G . CPRI Interface Radio DOT Interface(RDI)
Fibre Fiore | 10 GE Optical| | Electrical or Optical | CAT6A F/FTP

Source: https://www.researchgate.net/figure/Private-5G-infrastructure-supporting-Industry-40 fig3 342210096

XXX | JsLab
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DAY 3: PRIVATE 5G&} E|AEH|E i
< Kubernetes over virtualized infrastructure versus bare metal infrastructure
Kubernetes
o W o lo- W or lo
= o o
Source: https://www.ericsson.com/en/blog/2022/5/kubernetes-over-bare-metal-cloud-infrastructure-why-its-important-and-what-you-need-to-know
®*e o0 JS Lab
80
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DAY 3: PRIVATE 5G2} HIAEH|E i

< X Z=AHOf) Red Hat: The common architectural elements to provide conceptual guidance.

22| F2|2F

M chater
EllG)

HE| S2LE &2

OpenShift AF& (K8s, Container, etc)

Mol Sl

2|
[ e A - -
O i0) s > | Al |

Cater

o E2|3H 0| 4

§E§55§? :
ofloficliclicfieh
3 H
e @ |

-
=
| JsLab
81
DAY 3: PRIVATE 5G&} E|AEH|E i
< X Z=AHOf) Red Hat: Single Node OpenShift for Edge
+ 5G Slicing with GitOps l T l
/ CNI “meta plug-in” ( g3 MuLTuS )
e S /\ default plug-in#2
) G
sEscReTon . CNI plug-in
OpensShift .
T withnew —
- ok I functionality
\ T
ethO net0
OpenShift new
SDN CNI  capability
(default)
®*o O JS Lab
82
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DAY 3: PRIVATE 5G2} HIAEH|E

» RHUE|AC AHFY

« £ 2P 4 HZHO| (0ll): kubectl label nodes <NODE_NAME> disktype=ssd

ap-northe
ap-northe

imag

/region

ompute. inte

-builder:latest

kubernetes-dev ntainers
alicek106/pycharm-remote-builder:latest name : kubernetes-dev

Source: http://blog.naver.com/PostView.nhn?blogld=alice k106&logNo=221511412970&parentCategoryNo=&categoryNo=208&viewDate=&isShowPopularPosts=false&from=postView

o0
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DAY 3: PRIVATE 5G2} HHAEH|E

.

Innovations)

0-RAN compliant Simple to Deploy
white box small cells

Simple sbsription bored for 56

connectivity-as-aservice

v 7+24 suppert for deployment and
operations
Fea
Backed by enterprise cass SLAS
Develaper assist to empawer

ereation of SG-powered applications

Ananki provides D
the SIMs

e - Give You Visiblity and Contral Once the
e g s doic

Network bs Operau

bt e gt e

Source: https://ananki.io/

< H|=L|A(0f): Ananki®] 2ZE 9|0 % 2O| Private Enterprise 5G+ (Powering Industry 4.0

H|E (Products)

Small Cells State-of-the-art 56 Private SIM Cards
connectivity stack for your devices
delivered as a Service
(saas)

Enterprise
Dashboards
&APIs

Healtheare

Campus

San Porks: Alrports Manufacturing Warehousing

ini Ener
i — Stadium
Ol & Gas

Retail

Software defined private 5G is the key to these next-generation solutions

o0

JS Lab
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DAY 3: PRIVATE 5G2} HIAEH|E

< HIZAHOI) VMware: Architecture Overview

S e | T

Cloud
Automation
Tier

Management

vSphere

Source: https://docs.vmware.com/en/VMware-Telco-Cloud-Platform---5G-Edition/2 &/telco-cloud-plationm-5G-edition-reference-architecture-guide-20/GUID-BO35BOEC -ATCB-4 1ED-3D06-3B3051DICTALhtmi

®o oo JS Lab
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DAY 3: PRIVATE 5G2} HAEHE

 H|ZAHOfl) VMware: 5G Network Slicing Concepts

* Eg_ll:-l.?_ IE'?’IH AEI'OI '.-I.EI Communication Service Management Function (CSMF)
- EHQ! & Y EHI Sto| &
- 7EE *P%s_} MH| & H S

End-to-End Network Slice M Ei i NSME
Network Slice letwork Slice Management Function (| )
Management | 4 | 4 s
Domain-level I v | v |
Network Slice
s C

Management Access NSSMF Transport NSSMF Core NSSMF

5G RAN 5G Edge Transport (xHaul) 5G Core

eMBB Slice (enhanced Mobile Broadband)

URLLC slice (ultra-Reliable Low Latency Communication)
Differentiated
» NSX (SDN) requirements dssbadillioad
= Tanzu (K8s) (A‘ 'r‘§li 0

= ESXi (Hypervisor)

| JsLab
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DAY 3: PRIVATE 5G2} HIAEH|E

< HZ=AHO]) VMware: Streamline and standardize way network resources are exposed to the
0SS layer and the consumers of the network slices

Service Order Manager Network Component Orchestration Infrastructure® & Domains
ey A vmvere
“'m‘ =  [e.g. Gaming Service) - P QRAN cO mazr
o Pt | Seass )
2000 s

Placement
Actions

> O

Senice requiements

and model
Open
l APIs
055/85S

= ESXi (Hypervisor) — R
= vCenter g jnasor
= NSX (SDN)

= Tanzu (K8s)

Cross-Domain Unified Pool of
Resources

®o oo JS Lab

DAY 3: PRIVATE 5G2} HAEHE

< HZAHO) VMware: VMware Validates Ericsson Cloud Native 5G Core

hi rel Architecture 2 Architecture 3

- —_—m—m
Ericsson ERICSSON Ericsson
Orchestrator Orchestrator

ERICSSON ERICSSON

= ESXi (Hypervisor) L
= vCenter VMware Teico Cloud Automation

= NSX (SDN)

= Tanzu (K8s)

Dan Meyer | Executive EditorApril 26, 2022 11:00 AM

VMware vSphere | VMware NSX VMware Telco Cloud Infrastructure

Source: https://www.sdxcentral.com/articles/news/vmware-validates-ericsson-cloud-native-5g-core/2022/04,

XXX | JsLab




DAY 3: PRIVATE 5G2} HIAEH|E

< HM|Z=AHO]) Fusion Core - 5G Packet Core @ Azure Marketplace

|

Azure DI ZH|0| 20| M 5G or LTERO| CI22ZE Mg

Marketplace

Gt Sated
P —
Management Shewing results for e’

[Ea— Showing 1105 of § resus

a8 service for detection of
Fake Base Station

My Marketplace

P ——

Azure Marketplace Deployment

0 ] Create Metasmwitch Fusion Core S ¢ © & samrimances

Create Metaswitch Fusion Coee SG Der @

-

5] Configure 56

— — =l
Step 1 5 ———n —
Go to Marketplace g 2o
toorder SGEdge  Step 2

Configure doud
resources and
assign to 5G Core

components

Step 3

Network parameters, —
devices Step 4
-1 5G Edge ready for

RAN

JS Lab

DAY 3: PRIVATE 5G2} HAEHE

o QLEIA/HZEA (O): 5G SA deployments in Core and Edge network

Platform for 5G

User Plane
Services

Control Plane App Services

SMF AMF

UPF
TDF and
Traffic
Ootimzier
Security

PCF

Service Based APls

Common Services
Protacol Load
Balancing

APl Gateway

Telemetry agents

Logging Service

Life Cycle Mgmt.
A&Al
Deploy
Validate
Scale

CLAMP

Infrastructure
as a Service

Source: https://techblog.comsoc.org/category/5g-network-slicing/

®o oo

| JsLab
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DAY 3: PRIVATE 5G2} HIAEH|E

.
*

22tfE H|O|E|H 7|8t 56 Of &2|# 0] M
CNCF #RLIE|2| &YA EEt0|=

im] ®

SG opplications
designed using
cloud notrve prnCiples

CNCF community is
driving cloud notive
0Cross industnes

MZ& 5G Use Casel| 4t 22I2E Ql=g}
E222E YI0|E|E Telco O E2|H|0| M| %|X{3} ol=2}

Drivers for Kubernetes over bare metal infrastructure

New 5G use coses
need distnbuted
cloud infrostucture

Optimized infrastructure
for cloud native
telco opphcations

Source: https://www.ericsson.com/en/blog/2022/5/kubernetes-over-bare-metal-cloud-infrastructure-why-its-important-and-what-you-need-to-know

o0
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DAY 3: PRIVATE 5G2} HAEHE

e

*

A8 Xt B (Customer Experiences)
TCO (Total Cost Ownership)

XE3} (Automation)
A5 (Performance)

Customer

Experience

TCO

Automation

Performance

Benefits of Kubernetes on bare metal infrastructure

Simplified deployment and network operations

— Faster and more efficient lifecycle monagement

— Fewer teams involved - streamlining management and operations
— Reduced complexity during fault isolation and troubleshooting

Higher resource utilization and efficiency

— Better hardware utilization with low infrastructure overhead, small footprint
— No licensing fee for virtualization software

— Efficient for resource constrained edge deployments

Automated lifecycle management and seamless introduction of CI/CD
— Automated continuous integration with seamless introduction to continuous delivery
— Centralized automated remote lifecycle management and operations

High performance, specialized workloads

— Support for GPUs and network acceleration technologies
— More predictable application performance

— Easier introduction of new features

Source: https://www.ericsson.com/en/blog/2022/5/kubernetes-over-bare-metal-cloud-infrastructure-why-its-important-and-what-you-need-to-know

o0
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DAY 3: PRIVATE 5G2} HIAEH|E

%+ Multi-layered architecture of network slice provisioning in 5G

Network Slice layer ! ! ! = ]
Network Service layer l L é g i

|

Network Function layer

3
=
M
[REY
/\
@)
=
I\
\/
E |
=
m
(=9
/\
<
2
m
N
(onvIn)
UOeLISAYIIQ H40MISN pue Juawadeuey

Shared Infrastructure _
layer with Physical and g @ g =
Virtual (compute, a
storage, networking) E @ E;B @ ==
TEIOUICES e e T R e e e e o o i e P o P S i e st s )
.4
XX | JsLab
93
AEH|E
DAY 3: PRIVATE 5G2} HIAEH|E
% 5G Network Slicing
*» 5G Slicing with GitOps
Core Network
Sllce #1 (internet)
Normal latency >3_O-m_s)_ d;h
! Slice #2 (AR/VR)
\\, y_ Low latency ~2ms)
Edge datacenter
Source: https://medium.com/@anil.sonmez/5g-slicing-with-gitops-17a9f2db5es1
® e JS Lab
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DAY 3: PRIVATE 5G2} HIAEH|E

% Selection of UPF and SMF by slice (5G HIEY3 7|43 & &HX)
« iperf Slicing Test Architecture

OPEN5GS 5G CORE

CONTROL PLANE

s UERANSIM
[ e I
Subscriber N3
HSS e uom ]—( AUSF
[ =
| uor W
st Nio e — Nz Mo, SCTP. 3841
=2
MME M sewe SN RV }

USER PLANE
S

s
SGW-u UPF1

m s

UPF2

Source: VIRTUALIZED CELLULAR NETWOKS WITH NATIVE CLOUD FUNCTIONS, Iria Miguez Gonzélez

I X X JS Lab
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DAY 3: PRIVATE 5G2} HHAEH|E

< '5G Y EYI 73}t H& 7 Overview of Open5GS 5GC Simulation Mobile Network
* 5VMs

o C-Plane have multiple U-Planes.
o U-Plane have multiple DNs.

o Multiple UEs connect to same DN. i
Open5GS 5GC C-Plane

SW &Role P address HDD (Min) | [oF

VM1 Open5GS 5GC C-Plane 192.168.0.111/24  Ubuntu 20.04 1GB 20GB
192.168.0.024 11 4120
VM2 Open5GS 5GC U-Planel 192.168.0.112/24  Ubuntu 20.04 1GB 20GB Y I8 1z orer £
VM3 Open5GS 5GC U-Plane2 192.168.0.113/24  Ubuntu 20.04 1GB 20GB
VM4 UERANSIM RAN (gNodeB)  192.168.0.131/24  Ubuntu 20.04 1GB 10GB ee eE
VM5 UERANSIM UE 192.168.0.132/24  Ubuntu 20.04  1GB 0GB s - OpensGs 5GC U-Flanel OpenSGS 6GC U-Plane2
UE@ JB@ M2 ™3
UBANSM UBANSM
IMS-00TD000000000 4502 if=ogstun/104501 % © DNN=intemet  DN=10450.0/16
S CO00T] HEUemton}/1046.02) .. if=ogstur2/104601 W DNN=inteme2 DN=10460.0/16
4603
Jf e 712 if=og 4701 DNN=ims. DN=1047.00/16
LG e if=uesimtund/1047.03

I X X JS Lab
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DAY 3: PRIVATE 5G2} HIAEH|E

% AlI/ML @ O-RAN

Design | Inventory | Policy = Configuration RAN Intelligent Controller (RIC) non-RT

///
a

o-bu Open
F1 Front Haul

SIUBNY NVH-O

+ RT-Kernel for DU/RU, PTP synchronization, SCTP, DPDK
1/0, hardware acceleration for RU/DU L1 (FEC, FFT/IFFT, ...)

WG1: Use Cases and Overall Architecture
Workgroup

WG2: The Non-real-time RAN Intelligent
Controller and Al Interface Workgrou

WG3: The Near-real-time RIC apd E2
Interface Workgroup /’

WG4; The Open Franthaul Interfaces
Workgroup

WGS; The Open FI/WI/E1/X2/Xn Interface

Workgroup

WG§; The Cloudification and Orchestration
Workgroup

WG7: The White-box Hardware Workgroup

WGS: Stack Reference Design Workgroup

WG: Open X-haul Transport Work Group

WGx; Red Hatis WG voting member

~ parameters, with less than 3% of them

YANG models that help manage the
radio units feature more than 6,000

mandatory, and network vendors also
implement custom protocols.

JS Lab

DAY 3: PRIVATE 5G2} HHAEH|E

< Al/ML @ O-RAN
= O-RAN 1A
= 256 software-defined radios

= 25.6 GHz of emulated bandwidth, 52 TB/s RF data

= 21 racks of radios, 171 high-performance servers w/ CPUs, GPUs

* Massive computing capabilities (CPU, GPU, FPGA):
o > 900 TB of storage
o 320 FPGAs
o 18 10G switches
o 19 clock distribution systems

o 52 TB/s of digital RF data

Nhuﬁmmm-wir-l—
Intemet of Things

at Northeastern

8
2
E
%
/

o0
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DAY 3: PRIVATE 5G2} HIAEH|E

Service, Management & Orchestration Framework

< RIC
Non-Real Time RIC

* Near-RT RIC ,
Al Al A

(] €2 k2 T2 €2 €2 » £2 E2
Type 2: Near-RT RIC serving 5G ond 4G Type 3 Neor-RT RIC anly serving 4G

Type 1: Near-RT RIC only serving 56

Figure 5: Centralized Near RT RIC Serving 4G and 5G Simultancously

Service, Management & Orchestration Framework
Non-Real Time RIC

A1 Al A1 Al
I nentation of ore physical
Near-RT Near-RT Near-RT  Near-RT #Near-RT RIC consisting of one
RIC RIC RIC RiC or more logical Neor-RT RICs
Te2 B2 Te2 &2
oo m
Figure 6: Distributed Near-R1 RIC
Source: https://www.redhat.com/en/blog/open-ran-and-o-ran-brief?fbclid=IwARQV6fivK9xv. vjBe! cej GrVWmWDMSO07js
*e 0 JS Lab

DAY 3: PRIVATE 5G2} HHAEH|E

% Mobile core network implementation on Amazon Elastic Kubernetes Service

DocumentDB

Policy and Charging Rules Function

Source: https://aws.amazon.com/blogs/opensource/open-source-mobile-core-network-implementation-on-amazon-elastic-kubernetes-service,

o0

Network Functi Role
T Y — Y . I . I T CP Subnet
MME Mobility ManagementEntity | s L TR TR O BTR BRI | UP Subnet
HSS Home Subscriber Server ' g:c:!:mam
PCRF : :
SGW-c Serving Gateway Control Plane @55“@
) {
SGW-u Serving Gateway User Plane L.j S e @ :“‘“WF
srsLTE Simulator Sw/ i
SMF+PGW-c Session Management Function + PDN Gateway Control Plane (UE/eNB simulator) o N4 NRF c .
UPF+PGW-u User Plane Function + PDN Gateway User Plane s:u .
Network Repository Function (it is only for NF registration of 5G i b
NRF i /
functions) Savastiasanearsnensars : 61)
Web-Ul GUI to configure subscriber and its profile for HSS/PCRF j Niaral
SGW-U UPFIPGW-U e

JS Lab
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DAY 3: PRIVATE 5G2} HIAEH|E

% 5G Network Digital Twin(s)

UE Simulator Channel gNodeB Core & IMS
Real UE Emulator Emulator Emulator

+ Traffic Generation

@l 0 %)
—— -
|

GNSS
Simulator 1 eNodeB
Multi-Constellation ) = Emulator

I X X JS Lab

DAY 3: PRIVATE 5G2} HHAEH|E

+ 5G YEH3I =2t 1 (ME//HE/FF 715 EA)

E € KubeSphere x B O

X
« C @ A orHsiE 2 192.168.50.200 clusters/default/services A % = @ &£ @
G Google P FB == JSLab {8 DocDroid SR K8sYAMLGen V HXHEHA M L. g 1080p2 YouTube. > CHE E737)
© Pumom  ® Workbencn €4 KUBESPHERE . =
default webui-service i - 10233 35 142 sosootce )
@ = b < b 't & Port |
v e 10.233.2.107
r o @ vonnusn 1023348151
| Namespace g ;
[ P H
£at intormation
= R @ smtnemt . 10.233.49.167
" Edit YAML
Ean service
A-npe! 0.233. - 1)
> ks PO Port K| v o cewnsacees |
@ restonast Py 102333419 Y
i v =

I X X JS Lab
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DAY 3: PRIVATE 5G2} HIAEH|E

+ Transactionally-stateless paradigms

Event :

» Get Yata PDU Session!

Gy @ B @

il Get UE Context

% The Cost of Stateless Network Functions in 5G

(K[

Event triggered
request Response

[Process event triggered requestl '
| Store new state !

Trigger ”_ Response “ Est. Req T J
Process event trigger H ) !
:E Get data 4 Process request from RAN H

»_Get UE Context !

=

Serialize data

Send data to DB

:
IWait for response from DB

De-serialize data

Create SM
Context UE ContexLJ

Process Create SM i
Context request H

Store new
Create SM state of UE
Context

Process event trigger
Send data
to DB

Response with ||,
newstate |  Response
Store new state :
Trigger ||, . Trigger
*Response Response : Response ;

(a) Transactional statelessness

Response with Response H
new UE state H

(b) Sharing among AMF and SMF

\Wait for response from DB>

(c) Non-blocking paradigm

Source: https://dl.acm.org/doi/pdf/10.1145/3493425.3502749?fbclid=IwAR08K20zQDvy)Yz8I3Ld6GXOK1nKsCtROy7) ztRDZ K6UcCR52AZUV519I

o0
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DAY 3: PRIVATE 5G2} HAEHE

« CH2 NF HZE SMF EHXM
« Statefull} Stateless
« Stateless %|X 3}

l NF [ Transaction
AMF Create SM Context
AMF Update SM Context
AMF Release SM Context

AMF | N1/N2 Message Transfer
UPF | PFCP Session Establishment
UPF | PFCP Session Modification
UPF PFCP Session Deletion

N | W N =

Table 1: SMF transactions with other
NFs

< The Cost of Stateless Network Functions in 5G

. Stateful
Em Procedural Stateless
W Transactional Stateless

600 700 800 900
Simultaneous Requests

Figure 3: Stateful and
stateless paradigms

AMF-SMF Share Database
All NFs Share Database
Non-Blocking
Transactional Stateless

600 700 800 900
Simultaneous Requests

Figure 4: Transactionally-
stateless optimizations

1000

Source: https://dl.acm.org/doi/pdf/10.1145/3493425.3502749?fbclid=IwAR08K20zQDvy)Yz8I3Ld6GXOK1nKsCtROy7) ztRDZ K6UcCR52AZUV519I

o0
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DAY 3: PRIVATE 5G2} HIAEH|E

< The Cost of Stateless Network Functions in 5G

» mongoDB2| X 2|A|Zt
« CPU2t 77 ZHO| (1000 M)
» AMF/SMF/UPF

1000 20
BN Delete-Create AP - £ M F\ f\, E’
wes Update API S0%, e QLength [80 560- NVJW WY !j "\ﬁ | Al u' 50 2
900 5301 ;
0 uu. il |,
. 60% 60 5
] o™ 75
£ g 2 %
< & 2 g g pfv‘ 203
g S a0 a0l  Bas ii b
E i 2 ol .,mn.,_m!
45
20% 20 F 30 Q Length (right) ’f % ‘-;
£ 2
600 2 '\H\'\A \"V'(\ﬁ \ ’\m 2
15
o B WY w g
0
600 700 800 200 1000 Stateful Transactional AMF-SMF Non-Blocking é 2500 5000 7500 10000 12500 15000
Simultaneous Requests Stateless  Share DB Time (ms)

Figure 5: Time spent by mongoDB  Figure 6: CPU and queue length at  Figure 7: Time series of CPU and
with update and delete-create 1000 sessions queue length at 1000 sessions

Source: https://dl.acm.org/doi/pdf/10.1145/3493425.3502749?fbclid=IwAR08K20zQDvy)Yz8I3Ld6GXOK1nKsCtROy7) ztRDZ K6UcCR52AZUV519I
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% Mobile core network implementation on Amazon Elastic Kubernetes Service

’
VPC creation > EKS cluster creation

vate subriets * Cl

» WorkerNade

Amazon VRC Amazon Elastic Amazon Elastic Partner specific €N application setting
L Kubernetes. Service Container Registry helm chart |
[
T Ny AlA Operatlons
ER ® A e
o r
I
Aws AWS Cloud AWS Tools 3 Party Tools !
CloudFormation Development Kit and SDKs (e.g. Terrafarm) 1
1
| 1
]
I i
i
. 1
]
# -
H ]
1 AWS CodePipeline  Domain or Service Jenkins :
) Hf AlA O]l Orchestrator # Party T
. VM 7|9k M =2} oA (AWS Partrers) ot /
h) s

Source: https://aws.amazon.com/blogs/opensource/open-source-mobile-core-network-implementation-on-amazon-elastic-kubernetes-service,

®e 0 JS Lab

106

53



DAY 3: PRIVATE 5G2} HIAEH|E

% Capabilities of SDRs and their integration with RAN software

Instantaneous

SDR TX/RX Channels| Frequency Range Bandwidth (up to RAN Software Target
bladeRF 1 [300 MHz, 3.8 GHz] 28 MHz OAL, srsLTE DAS node, small cell
bladeRF 2.0 micro 2 [47 MHz, 6 GHz| 56 MHz OAL, srsLTE DAS node, small cell
Iris 2 [50 MHz, 3.8 GHz] 56 MHz 0Al DAS node, small cell, cell tower
LimeSDR 4TX, 6 RX |[100kHz, 3.8 GHz| 61.44 MHz OAL, srsLTE DS e

small cell

USRP B205mini-i

[70 MHz, 6 GHz]

56 MHz

srsLTE

DAS node

USRP B210 2 [70 MHz, 6 GHz| 56 MHz OAL, srsLTE DAS node, small cell

USRP N310 4 [10 MHz, 6 GHz| 100 MHz OAI DAS node, small cell, cell tower, rooftop
up to 2 [DC, 6 GHz] 160 MHz . . O -

USRP X310 (daughterboards) | (daughterboards) | (daughterboards) OAL srsLTE DAS node, small cell, cell tower

Source: Open, Programmable, and Virtualized 5G Networks: State-of-the-Art and the Road Ahead, Institute for the Wireless Internet of Things, Northeastern University, Boston, MA 02115, USA

®e 0 JS Lab
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< 5G Testbeds (L O-RAN HAEH|E 0F '2023")

Testbed Technology available 5G Open Source Software| Framework Scenario
AERPAW 5G and CR for UASs under development City-scale outdoor
Arena 5G, CR, massive MIMO RAN & Core N/A Large-scale office
Colosseum 5G, CR RAN & Core O-RAN RIC Large-scale network emulator
CORNET 5G, CR RAN & Core N/A Large-scale indoor
3 2 <ot O-RAN i
COSMOS 5G, mmWave, CR, optical switching RAN & Core § Indoor, city-scale outdoor
components
Drexel Grid 5G, CR RAN & Core N/A Large-scale indoor
FIT testbeds 5G, CR, loT, NFV RAN & Core OSM Large-scale indoor
. 5G, CR, Wi-Fi, WiMAX. .
IRIS cloud-RAN. NEV. S-band RAN & Core N/A Indoor
NITOS 5G, CR, Wi-Fi, WIMAX RAN & Core N/A Large-scale indoor and outdoor, office
POWDER-RENEW >3, CR, fmassive MIMO” RAN & Core O-RAN RIC Indoor, city-scale outdoor
Network Orchestration =
STONIC 5G NFV, network orchestration N/A OSM Data center

Source: Open, Programmable, and Virtualized 5G Networks:, State-of-the-Art and the Road Ahead, Institute for the Wireless Internet of Things, Northeastern University, Boston, MA 02115, USA

o0
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DAY 3: PRIVATE 5G2} HIAEH|E

% Open frameworks and projects.

Community

Framework | Main Focus ‘ Status I License ‘ Main Members Suppont

Mobile

Apache v2.0, o
0O-RAN O-RAN [21] Virtualized, intelligent RAN available [O-RAN Software ',(”IM" Allimnce o
License v1.0 w/ telecom operators

COMAC [124] Agile service delivery at the edge available Apache v2.0 ONF mailing list
SD-RAN SD-RAN [125] CU/DU control and user planes under development ONF N/A
Acther [126] SG/LTE, Edge-Cloud-as-a-Service (ECaa$S) under development ONF NIA
Magma [127] CN Orchestration available I BSD Facebook '“"Il.'"g list /
orum
OpenRAN [128] Prog ble, di i RAN w/ open fi closed source TIP no
Radio Edge Cloud [129] O-RANRIC antomated couf'guration / available | Apache v2.0 Akraino no
testing blueprint
Aerial [130] SDK for GPU-accelerated 5G vRAN early access|  proprietary NVIDIA N/A
Slicing
5G-EmPOWER [131] Centralized controlled for heterogeneous RAN available | Apache v2.0 ;B':fu;[';“l:‘lﬁ";:;::] no
FlexRAN FlexRAN [132] Real-time controller for software-defined RAN available | MIT License | Mosaic5G Consortium | mailing list
Edge
. ONF. AT&T. P
CORD [133] Data center for network edge available Apache v2.0 Google, Telefonica mailing list
LL-MEC [134] Low-latency MEC and network slicing available Apache v2.0 Mosaic5G Consortium | mailing list
R = : FBK (in the framework 3
ohtEdge A vic ache v2. S S N
LightEdge [135) MEC services available Apache v2.0 | multiple EU projects) A

Source: Open, Programmable, and Virtualized 5G Networks:, State-of-the-Art and the Road Ahead, Institute for the Wireless Internet of Things, Northeastern University, Boston, MA 02115, USA

®e 0 JS Lab
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++ Stone Crushing Plant at GS Lab

Stage 0:
Material Entry

Stage 4: Crushed
material for dispatch

Stage 3: Vertical
Sand Impacter (VSI)

Stage 2: Cone
crusher

Source: Lab Setup at GS Lab: https://youtu.be/ fOU3a4brPY , Stone Crushing Plant at GS Lab: https://youtu.be/YWRIXqROXnc

®e 0 JS Lab
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DAY 3: PRIVATE 5G2} HIAEH|E

o~ QE mY QI ZEME

Z2HHE (Mobile)

EEECE! FTETTTS AER 2p0j 2 isin BE EENEEE]
e Vicosmiiznct fotetigmert AN ADEEhEvIZ o, D—R};V\:jsohwara O-RAN Alhan:j w/telecom o
jcenze v operators
COMAC Agile service delivery at the edge s Apachev2.0 ONF Mailing list
SD-RAN CU/DU control and user planes Hes ONF N/A
Acther SG/LTE Edge-Cloud-as-a-Servica(ECaas) | “HEE oNF N/A
Magma CN Orchestration 7t 85D Hoj== Mailing list/forum
gRRAN. Programmatie, cisssgresated RAN | 22 1|Z7) - -
w/open interfaces
Radio Edge Cloud O-RAN RiC o manad 7rs Apache v2.0 Akraino No
lcor testing blueprint
Asrial SOK for GPU-accalerated 5G vRAN Early access propristary NVIDIA /A
SEOIY (siicing)
EXETE! e ey 2poj 2 Main 21 HRUS AH
e AW Centralized controlles for heterogeneaus | 7pa PR FBK (in the framework of R
il RAN ganes multiple EU projects)
FlexRAN ROakTimS cONTronar f:rWﬁw"?dEh”eu 7rs MIT License MasaicSG Consortium Mailing list
A (eage)
N ECTTE] EETTT Ay ETITeES wisin B FHRLIE X2
CORD (Central Office Re- e ONF, ATET, Google, :
el sl bl Data center for network edge Apachev2.0 Selhiila Mailing list
LLMEC Low-latency MEC and network slicing rs Apachev2.0 MosaicSG Consortium Mailing list
LigntEcge MEC services 7t Apachev2.0 FOK (s th tramiw ot of N/A
multiple EU projects)

o0
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< RAN 2ZE90{ HX| 758 SDR

SDR TX/RX channels Frequency range Instantaneous RAN software Target
bandwidth (up to)
bladeRF 1 [300 MHz, 3.8 GHz] 28 MHz OAI, srsLTE DAS node, small cell
bladeRF 2.0 micro 2 [47 MHz, 6 GHz] 56 MHz OAI, srsLTE DAS node, small cell
Iris 2 [0 MHz. 3.8 GHz] 56 MHz OAI DAS node, small cell, cell tower
LimeSDR 4 TX, 6 RX [100kHz. 3.8 GHz] 61.44 MHz OAl, srsLTE DAS node, small cell
USRP B205mini-i 1 [70 MHz, 6 GHz] 56 MHz srsLTE DAS node
USRP B210 2 [70 MHz, 6 GHz] 56 MHz OAI, srsLTE DAS node, small cell
USRP N310 4 [10 MHz, 6 GHz] 100 MHz OAI DAS node, small cell, cell tower, rooftop
USRP X310 Up to 2 [DC, 6 GHz] 160 MHz OAl, srsLTE DAS node, small cell, cell tower

bladeRF 2.0 micro xA4

Iris V2.1 Transpond

er Stack

LimeSDR

ZX: Survey paper, Computer Networks 182 (2020) 107516, Open, Programmable, and Virtualized 5G Networks: State-of-the-Art and the Road Ahead+
Leonardo Bonati ¥, Michele Polese, Salvatore D’Oro, Stefano Basagni, Tommaso Melodia, Institute for the Wireless Internet of Things, Northeastern University, Boston, MA 02115, USA

o0
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+ KOREN 7|4} 5G Testbeds

_ oJx{ B9

"0ULE S WAL S0| AH 56 HHOIM SEMUIA-QIZ2L CHI0IAE RREH N AIH-Z
SR 72 47§ A SO 56 HASHTE 7&-SAST YBUC

BED|E7A

HBY 55
Sl o oo R/t
""H' Release ool

ORAN
— IHEE-7IS0 W2t 487 e £

SHEE
&' e5E

ma  KOREN KIZIS4E (POP)

BN 56 o nmE o s 7
- MEC HEB2) 74

- XME 7Y BUY P&
* MEC §32:E 34

# W3 47] 748 KOREN 2 0188101 24

HIA7|% 56 HAEHE

(BU7IRAME)
() B
SG CORE 0 AT

[SoLiD]
LoEREm)
ﬁ =k ELUON cﬂzﬂm
I @ 0;
@ ) A ol |

SGIIXR
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+» Shield Room at 5G Test Lab

* Heatmap (H0j| ci st *Hll ’gE Sel 22| FE 13 §x| 21X =¥ ER)

®o o0

|  JSLab
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DAY 3: PRIVATE 5G2} HIAEH|E

% KOREN 7|%t 5G H|AEH|E Al L{E

© 3 56 AIEYS 7IYOR 5C HASHE(RD)SH @ 47 HH(HD, (HH, BF, () QEHAS
E ( 2 &1 )\4H O C ) E 1ot. ClH} A . XH I=-As. A S5

OpenStack* EPA

© KOREN 91| H37|8t SG HAEHE PR Y
S LT -
_—= ] MEC /DU —

e KOREN

© 5G SEMH|A/56 7Y Bl 7@ A-AS

I X X JS Lab
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+« OpenStack* EPA (Enhanced First OpenStack* oot JRCETS— !

Release

P |atf0 rm AwareneSS) Host CPU feature s Expose host CPU features to ?utesrt Cai':| ilreztlyfusme ?F:Ud :~20% to ~40% improvement
request OpenStack managed guests SSJVZZtufeza oremulate: :in guest computation
. ME J|IsYH MEs JjM B M(Feature Avoid the latencies j
= i I
1o I o2 oo H = ( PCI passthrough EVETER Provide direct access to a introduced by hypervisor and 8% improvement in network

physical or virtual PCI device :thmughput
'

Breakdown and Analysis)

virtual switching layers

1
1

1

'

'

'

'

1

|

1

'

'

HugePages* Kilo* Use memory pages larger Fewer memory translations :~10% to ~20% improvement :

. EPA Featu res COVe red support o than the standard size requiring fewer cycles in memory access speed !
Ensures all memory ' |

Ensures virtual CPUs accesses are local to the 1 H

v" Host CPU feature request (20’\‘40%) (VCPU)s executing processes node and thus do not [IPPORN . '
o r~10% improvementin guest 1

NUMA awareness Juno and the memory used by consume the limited cross- rocessin |

v PCl passth roug h (~ 8%) these processes are on the  node memory bandwidth, :p ing '
% o same NUMA node adding latency to memory |

v HugePages* support (10~20%) EPASIA| HISRI3 9} CPU g !
Creates an affinity that s ESI R A PO/ PL Sl || 1 !

v NUMA awareness (~10%) 10 based NUMA associates a VM withthe  Delivers optimal performance}~25% improvementin \
. schedulin Kilo* same NUMA nodes as the  when assigning PCI device toinetwork throughput for 1

v 10 based NUMA schedullng (~25%) 9 \F/‘&I device passed intothe ~ a guest Ismaller packets |
' I

. i 1

v" CPU pinning (10~20%) Avoids scheduling ; '
N L mechanism moving the guest | |

v' CPU threading policies (~50%) CPU pinning A Supports the pinning of VMs  virtual CPUs to other host =10 % to ~20% improvement i
to physical processors physical CPU cores, :in guest processing :

v' OVS-DPDK, neutron (~900%) improving performance and | !
determinism ' |

" Provides control over how  More fine-grained A ey o

CPl:);II'ui::ei::mg Mitaka* guests can use the host deployment of guests on HT- kl;JSelsot pfgc{eo;g:r;‘)grovemem in :

hyper thread siblings enabled systems 3 |

= OVS-DPDK, . An industry standard virtual 1~900% throughput !

L Openstack neutron (18t switch accelerated by DPDK R il S T :improvement ‘:




DAY 3: PRIVATE 5G2} HIAEH|E i

% KOREN 7|8t 5G Testbeds
+ 5G Core R S )
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DAY 3: PRIVATE 5G2} H|AEH|E i

% KOREN 7|8t 5G Testbeds

+ 5G MEC + VM/ZIEOIL 70| SULE 56 AIAY FHE B8l CUE AHZS 420 S8 S
MEC MEC
p S —
e EET=E B
Ma aster m.\f-tc'| Worker | | Worker | | Worker Worker | | Worker | | Worker
Ne odel || Nodel | Nodel || Node2 || Node3 Node1 || Node2 || Node3
u—é}—O)—é—Ou—é)—O r—c'Jj>—O: o] o—db—9 —db-0 o—di
MEC MEC
0]
= 0= G2 = ==
worker | [ Worker | ['Worker Worker | | Worker | | Worker
\NDdM LNude'l NudeBJ Nodlﬂl.\NndEZ Node3

;»—-(l'r() :)—-('%‘)—() \—(rL)-(] 1.\—-('*)—() 1&(*)—() ;»-(‘J‘)-()

-
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% KOREN 7|8t 5G Testbeds
« 5G RAN

+ AR} 3.5/28GHz 71X12 £t O-RAN 7210) 7|XI3 1 SHOR S EAITH] HEAL| 56 SAIZH] A 25 X1

1XE e
7 Front-haul
RAN
2X A= 4ZIAE
3XEE

5G Back-haul

o0
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% KOREN 7|8t 5G Testbeds
+ 5G A 2EZ0o|M

+ BEI2 56 07 UESIT 221014 A7), TH2IMX] One-Stop 22| 715 HB

TOSCA MysQL
DB |

el . & Inventory

v i »
¥ ¥ 6N MEC

2R

'Scm:-‘ Storage

B n Hg &:JL‘ L-“C]."_"; ﬂ%

n
Q) ]
A= g uer BB e W e B o D POTN POTH
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% KOREN 7|t} 5G Testbeds g e e
« 5G SLEHAES MHA 7|2 ST S S0 W2} CIISHYAIOR 56 QEHAEY QT2 U MHIAR 028 + A&
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4 KOREN 7|4} 5G Testbeds - T —
«5G LEHAEY AEEE HB MuA [0 IBBUOIM 56 E13 45 &2 Ul N SR4, 102
Mg &3 BG SR TAN 5C NN RGN Se
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-|

< KOREN 7|%} 5G Testbeds
- 56 QLEHAEY NERY HS Mul2
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% KOREN 7|8t 5G Testbeds
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