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* A Vapor IO Kinetic Edge micro data center operating
alongside a cellular tower.

=X : https://www.zdnet.com/article/where-the-edge-is-in-edge-computing-why-it-matters-and-how-we-use-it/
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=X: https://disruptivewireless.blogspot.com/2017/06/does-amazons-purchase-of-whole-foods.html
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< Edge Cloud Computing: 0| X|(Edge)0i Al 22t E A{H|A 7|8t
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<+ Edge computing is a more general concept than MEC and less
general than fog computing.

*» ETSI previously referred to MEC as Edge Computing. Over time,
the field expanded the focus of edge computing beyond mobile
implementations.

Source: SDxCentral

JS Lab

=X : https://www.sdxcentral.com/edge/definitions/whats-the-difference-between-edge-computing-and-mec/
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s Open Infrastructure Summit 2019

Track: Edge Computing

Track: Telecom & NFV Telecom & N FV

Uploaded May 10, 2019 Uploaded May 10, 2019
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Uploaded May 9, 2019
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£ X: https://www.openstack.org/videos/summits/denver-2019/tracks/edge-infra  https://www.openstack.org/videos/summits/denver-2019/tracks/telecom-nfv
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% Cloud Edge Computing: Beyond the Data Center

< Akraino, Airship, StalingX2| 24|

OpenStack

(ZE 7§E)
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(Use Case 9|,

Integration, &43)

//\ EDGE STACK
Y

=X : https://wiki.openstack.org/wiki/Edge Computing Group?fbclid=IwAR3GNTB5 210JO-SvaGsmhCC2jhLxG9X-ISt021v-mIfG-TxsR7|iPtrM80
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*» 5G Core Network Developer

Job Title: 5G Core Network Developer/ 5G 20| H E 3 7} X}

Job Summary: Ericsson-LGO|A 5G 20 L|E 3 Call A|Zoi0|E 74
XHE MEELICH 5GC Network A= 27 AtE 24 AZEQ0] A
, 2, AlEgojd, =7 44 X EM YN Z2 RE ML B B

Al =L g

Responsibilities: 5GC SF M| /[ & S &Y, 222 E HO|E[E &
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E=X: https://www.netmanias.com/ko/?m=view&id=oneshot&no=14300
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=X: https://www.netmanias.com/ko/?m=view&id=blog&no=14257




. 7N

% 5G 30 QI Z2}(Core Infra)

= Edge(7|X|=)2| Central Office(=AH)2| H|O|E{ MIE| 3}

= 2212 E Y|o[E|E3} (Of Z2|H O] H M|, 22|, Q1= 2}
= L EL|3 52104 (Network Slicing)

= SHAHTY SFE 18 (AF=S)

/ 71722 EQR 7| | =(Edge) 2 AHCO) MH2 AolE )

7~ 1 27~ A7)

loT/AI A loT/AOIES

fa|et 9 *=
@ = (RAIXE 0] M)
PR ARVR LIEF S SELOLY

AEFY ASA A0EEd
r
\ 2 4 A ® [4
o

\HDISDBGO HIC|2 20LE AE|

JS Lab



. 7N

% 5G 7|'&9Q| 7|3

. EMAFE AR
. THEAL FE AR

JS Lab




Il. 5G HIAEH|E

< SKT, Hl3Z42{2|...ICT7|&-R&DYU T} 3 &

= ICT 7|=1} R&D Q1 =2}F S 75l= HIAZA2|2|(Tech. Gallery) 7|2
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< KT, 2EtE Y X| 8l 9[sff o] '5G6 L = 7« 7|4

= T 32| JHEAL LY (2T A E S 698 55)
= ANE: MXF EfEZ 151 KT 8&7|=2 2& 5G Open Lab
=  URL: https://5gopenlab.com/
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* The University of Bristol’s 5G testbed

» 7}s HIAE: SDN, WiFi, 4G/5G NR, Mesh, Li-Fi, Cloud/NFV, MEC, CDN
=  URL.: https://5qginfire.eu/university-of-bristol-5g-testbed/

Legend
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ﬁ’ network E I
- |
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q" opesuaamec | 0 1 NA 1 gummssesessss==d T Reckuswib| AL nomsirea | 0 @eccccsscsseee- ‘
|
|
I
|
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System Architecture (Physical)
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% 5G #:3= Roadmap

= Phase 1 (3GPP Rel. 15, 20184 6 &)

= Phase 2 (3GPP Rel. 16, 2019 128 0| = freeze 0| &)

= 3GPP Rel. 172 5G 7 (20204 A|Z})

= LY S 3AF5G AMH|A AJEF (201919)

= BHEHEE2 {71 187HEH = of &

= 3GPP= 5G Radio Fihl+&§ 2 #2222 TAF
Frequency Range 1 (FR1): 450 MHz — 7.125 GHz
Frequency Range 2 (FR2): 24.25 GHz — 52.6 GHz

2 EA 34}
5G MH|A Al

2019 2022

Il Phase 1 Il Phase 2

Release 14 ) Release 15 Release 16

IIIIIIIIIIIIIIII
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% 5G EZE1} Market

» Phase 1 (Chipset, Device, Operator)
= Phase 2 (Next Chipset, Next Device, Full Scale Commercial Service)

Fut Sub 6GHz Above 6GHz
Operator <3GHz 3~5 GHz 6~24 GHz 24~~30 GHz 30~40 GHz
KT 3.5~3.6 GHz 26.5~27.3 GHz
SKT 3.6~3.7 GHz 28.1~29.0 GHz
LGU+ 3.42~3.5 GHz 27.3~28.1 GHz

Next Chipset -‘- Next Device
Il Phase 1 I- Phase 2

llllllllllllllll




lll. 5G # &

+ 5G Radio strategy

= O: Indoor 5G Networks White Paper (HKT, GSA, Hwawei)
» Main: C-band (3.5-4.9 GHz bands) and 26-28 GHz mmWave.

mmVave el oG capacity layer

oG basic coverage
and capacity layer

C-band i

Sub-3 GHZ =l Basic coverage layer

5G loT

0.6-0.9 GHz mepp- coverage layer

JS Lab

ZX: Indoor 5G Networks White Paper (HKT, GSA, 2+ 0]) Hong Kong Telco (HKT), Global mobile Suppliers Association (GSA)
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< 5G O}7|&|X 12

= S ZAH(SA): Standalone Architecture
= H|SEIA(NSA): 7| £ 4G LTE/EPC ¥ & Non-Standalone Architecture
= 5G AMH|AE Tt OF7|H A 71/ 2 NSA 0| A SAZ X} tHal of &

@ @N I.'E% @ ;e AMF/UPF AMFIUPF )

g\ N W s / @ <
@e \ Mo T [ &)
- S gt E-UTRAN ,q.(( A P (g0 P NG-RAN
en-gNB 4‘_3 (( ) | A (( )) —\3’ en-gNB &f»’ é ésﬁ
NSA Architecture SA Architecture

JS Lab
EPC (Evolved Packet Core) E-UTRAN (Evolved Terrestrial Radio Access Network)  LTE (Long-Term Evolution)
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< S4ALC| 5G Ofo|12jo]M Het
» Option 3: NSALTE assisted NR connected to EPC (3GPP Rel. 15)

= Option 4: 3GPP Rel. 160X XS
= Option 7: 3GPP Rel. 160X XS

5GC (NGCN)

()
SA : olololololalo
(Standalone) 1 olololoioiolo
1 | ——
: ng—eNB 5GC
| Option 5: SA LTE connected to 5GC
_______________________ o= = e ————— = = ===
I
@
! ( i ) [NGEN-DC]
NSA i

(Non-Standalone)

T 5GC
[Dual Connectivity] 2\
2\
Option 4: NSA NR assisted LTE 2 Option 7: NSA LTE assisted NR

connected to 5GC : connected to 5GC

o
=
==}

Migration A Option 2 A Option 7 A Option 3 A Option 4

i i Option 3 : Option 3 ;
Strategy  OPUO"! yoptionz  OPYO"3 \ option 5 P \ Option 2 P \J Option 2

EPC (Evolved Packet Core) E-UTRAN (Evolved Terrestrial Radio Access Network)  LTE (Long-Term Evolution)

JS Lab
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* Dual connectivity @ 5G

= LTE @ 4G RAN
= NR @ 5G RAN

K| 2 M
HIC|Q AE2|2 M
71712 A, A

UE

/
A

.. 5GRAN
Dual connectivity

JS Lab
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< CUPS

= Control Plane (E2+2 &5 AH| AT}
= User Plane

ME| A MH
HICIR ~E2|Y MY
7t7t2 M, EAH

()
A

VA
1

]
)
D .

g

UE r— gNB Peesssssncsnnannannannnnnnnnnnns SPGW-U

A

o — -

. 5G RAN
Dual connectivity

- JS Lab
CUPS (Control and User Plane Separation)
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» BHHY x| HEE (MEC) @ 5G

= 5G RAN (gNB)

= 3GPP NE (5G 2.0)
= 5G Core CP/MEC (H|O|E{/dlE]| 7|gto| E2I2E 7|& = ¢)

]

i
il
il

[ 5G Core CP

. .
*® o e
~
.* ¥ Y
(t22) o 5 .
. .
. Q .
Ry .
. . ‘e
* ~ e
. .
. 0 IS
PR3 & Te,
. 0 .

D

D

H
I
I
I
I

UE gNB H UPF
‘ g 5G RAN B 5G Core UP 5G Core UP
loT/Sensors loT/Smart Home
H .
“ﬁ) ' '
Telemedicine AR/VR R L ‘ Local DN / MEC AF
| G MEC

Autonomous Driving  Smart Building

r

\ 2 4 1Ty
1gr

HD/3D/360 Video  Smart Cities

............... OIS tost

Network Element (NE)
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4

L)

L)

o0

L 4

» ETSI2| MEC (Mobile|Multi-access Edge Computing)

OpenStack Foundation?| Edge Computing Group

= ETSI
M Edge Computing ] [ Multi-acoess(z%c:g?? Computing
= OpenStack Foundation
é ) 4 N
A Fog Edge
Massive distributed Sf:ﬁ%ﬁ%ﬁ Edge Computing
Working Group Cloud(FEMDC) Group
(2016) SIG (2018)
(2017)
\_ J \. y,
JS Lab

https://www.openstack.org/edge-computing/cloud-edge-computing-beyond-the-data-center?lang=en US




IV. Use case

<+ SHALL| 5G AMY 2
< AT&T (Of)

= API 37l (Flow Designer, M2X, Video Optimizer)

Products and Services

Harness the power of 5G for your business

S
=
Q2
i

(%)
®

(%]

(]

£
@©
—

ATET Multi-Access Edge Computing
(MEC)

AT&T Wireless Broadband

JS Lab



IV. Use case

< AR/VR

» VR/AR White Paper (Hwawei)
= Customized network services based on VR services

Resource management server

° The platform request network resources for program
g connection from operators.

\\\“kx__‘ Video platform
"‘—‘q_\\‘

——

VR users

The terminal requests program

_ resources from the platform
devices along the path.

JS Lab

ZX: VR/AR White Paper (HuaweiTechnologies Co., Ltd)



IV. Use case

* Hyperledger-based Solution for Inter-carrier Charges

= Solution for Reducing the Cost of Settling Inter-carrier Charges
» Business Architecture

..................................................

Open APIs & Collection Senvices

Vhic i Business
SMS Roaming Bandwidth loT/M2M

& m) ) O

______________

________________

Hyperiedger Ethersum
& ¢

JS Lab

ZX: The final draft of the white paper [Hyperledger Telecom SIG]



IV. Use case

% Edge Computing / Machine Learning 11

% Ofl: inwinstack

MQTT broker cluster

MQTT broker
MQTT broker

MQTT broker
( Docker)

MQTT
over

LAN/LTE/GSM/WIFI

Upload data for cloud analytics

A

Visualization
(ELK)

Big data

Data Encrypt
( Sahara/Spark) == a1

LBaa$
( Neutron/Kubo

Pr
Monitoring
K)

Provide Intelligence for Edge

- Rapid application delivery / update
through containerization
- Suchas:
. Perform data analytics for real-time
decision / action at Edge
. Data filtering to reduce latency for

collector (MQTT-SN)

=

&>

docker

LPWAN( LoRa/SigFax/ )
IQRF/ZigBee/Bluetooth/GPIO

Data

device Sensors

Applications

loT

device

Real-time
action

Device / gateway Management

OpenStack Cloud platform

the cloud
. Secure data transferring

Kubernetes master

( Edge managements & Clustering )

Cloud computing

Edge (Fog) computing

Kubernetes minion cluster

Edge server / gateway
clustering

for LB/HA/Scaling
Containerized for Multi-
tenancy

Containerized for Security
Application self healing

Data source

JS Lab

=X: https://www.inwinstack.com/en/products/




IV. Use case

< OFO|AZ AMH|A OF7|EIX 7|HF QHAEH O|M

<+ OMSA - ONAP Microservice Architecture (0i)

(Om-@e<: 18 )

g r
L
]
: External API Gateway
=< A
o
a
o [ Service Discovery ]
[1+]
3 7 K
--------- [ N N N N BN
1 agent i 1
2 i o gent | | agent | ol
a I3 RPC o1
3 1S : S 1
@ s . HTTP/JSON ol
i 1 > o |
<. = GRPC/protobuf w :
® I I
[ 1 1
1 ApF :
----------------------------- l
Async Message Bus
5
> O S Containers I Clouds
b = vmware & © - amazon
c ||I - docker ml-u.mu o -
2 —— AKVM —
g % I
a BT Microsoft

Orchestration

Governance

Monitoring

Note: this diagram is a functional view of OMSA, which is not mapped to specific projects

JS Lab
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IV. Use case

< 5G Enterprise Business $3}

% 7|92 $le 5G LAN (0f|: 5G 7| X|=, 5G Core, MEC A{H{ X|& )

ONAP ONAP
Management - Design Management - Runtime

5G

Application
= Ecosystem

Macro Radio
& Small Cell
Antennas

5G
((( [ﬁ{l ))) Base Stations
A
HHHHHHH

RU

T T
s

=

m;lm

UE/CPE

Front Haul Mid Haul

i RU — Remote Radio Unit
' DU — Distributed Unit (5G Base Unit)
CU-UP — Centralized User Plane

Disaggregated Core

UPF SMF UDM AUSF

Cloud

CU-CP — Centralized Control Plane (low and high)

CITHELINUXFOUNDATION

Back Haul

Centralized — Integ
Cloud
External Content

UPF — User Plane Function

SMF — Session Management Function

UDM - Unified Data Management Function
AUSF — Authentication Service Function

@.ONAP

ONAP (Open Network Automation Platform)

JS Lab
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IV. Use case
< 5G MH|A A|L}2| 2 (‘3G4G’2| Use Case 0)

'i' ©) 'n' 'n' Q] [ IE © |8

Human to Human Human to Machine Machine to Machine
= e "I /—____ _____ \\ ,"_____ ______ 5
Extreme : @ Virtual Reality/Augmented Reality < (a : :’ M:::ieofin 1 If Mcohnle Cloud ‘I Enhanced MBB
. e S ;o E omputing : + 20/10 Gbps DL/UL"
———————————————————————————————— - —_—————— = — — |
MOb::l”e:} . { N ¢ - ' onp | : | : : * 4 ms user plane
Video Calli | P =y | ;o m 1 |
Broadban : \.ﬁrt?l';l :‘Ic::tgin || Wireless ‘: | : Video | | ) 1 ) . latency .
(eMBB) '\ & JESENE S —d T } S N > 500 km/h mobility
______________________ s
[I Wearables | r[ } Massive MTC
Massive i D h ! * 1 million devices / km?
| : : Lo . * 10+ years battery life
f - -
Scale . . : (( : : 0\! ,é ! i “ ‘: ! o ﬁ ~I Industn..'al 20 r:iBooverafe
Communication | | - v | S " Automation enhancemen
| - Social i o g |
(mMTC) % ’J | Networking ,: { Health Care Monitoring || Infrastructure "
Temeesees Temeee e Tessssssss s e e . y URLLC
________________ * 1 ms user plane
Sl E i Eis ’ - =~ smmmmsmmmm= a
# . K i w v A —10) latency
. [ Public safety \, I Remote B b ) O‘ : . o
Ultra-Reliable : ) surgery : | Vehide ﬁ ! : Vehidle ﬁ ! g - nglh_hi secure /
! I - — L resilient
Low Latency | o L to | to = . % availabil
I 1 ! : . Pedestrian : I Vehide <= : 99.99999% availability
Service i P ! (vzp) k C vy |
I | | | ] * .
(URLLC) i | ' i ) I\\ ) I\ ﬁ ; Peak theoretical rate

_______ Source: 5G Americas
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V. Edge Cloud Computing

<+ O|X| 22} E (Edge Cloud) : | X|(Edge)0l| A M 22 AH|ALQ}
O Z2|H 0|82 K| &St7| fet AH|A AFAIe| QlZet Lt EHo =

MEZ AIEL| 7|27t el 5GE Zatot YHEHAE 2o =H| 7t
.LL|_9_%I‘
loT/AI A loT/AOIES
® =
HAt = AR/VR
Edge Cloud Core Cloud
- @
ASFUASR  ADEUY
War
L 4 J h| © 14
HD/3D/360 H|C|Q  ADLE A|E|

JS Lab



james@jslab.kr

V. Edge Cloud Computing
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Edge
Computing

Core Cloud

Big Data
Business
Data Warehousing

R FARSE

Data Caching,

Al, Security,

Proactive Management

BACnet Building Automation and Control (BAC) networks

OPC Unified Architecture (OPC UA) - Open Platform Communications
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OpenStack Components

QQ

New StarlingX Services

Infrastructure
o Orchestration
(]
O
Configuration Fault Host Service Software
Management Management Management Management Management

Some of the Open Source Building Blocks Used by StarlingX

—
Ty

[ Kubernetes ][ Ceph ][ Collectd ] [ libvirt ] [ QEMU ] Open vSwitch] DPDK ) [ SR-IOV ]
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V. Edge Cloud Computing

< 0Of: Loosely-Coupled Microservice Platform Architecture
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Platform Architecture H o — REPLACEABLE REFERENCE SERVICES

“NORTHBOUND" INFRASTRUCTURE AND APPLICATIONS

LOOSELY-COUPLED MICROSERVICES FRAMEWORK CHOICE OF CONTAINER DEPLOYMENT REMOTE/LOCAL GUI
PROTOCOL
APPLICATION/EXPORT SERVICES
REVERSE =
PROXY CLIENT REGISTRATION DISTRIBUTION ADDITIONAL SERVICES £ 8
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52
@ SUPPORTING SERVICES (3
A
z ALERTS & ADDITIONAL
o
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>
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z CORE DATA sy COMMAND METADATA =t REGISTRY & CONFIG e | 5
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DEVICE SERVICES (ANY COMBINATION OF STANDARD OR PROPRIETARY PROTOCOLS VIA SDK) 2
3
ADD'L
SECRET REST OPCUA  MODBUS  BACNET ULE BLE marT ENOCEAN  VIRTUAL DEVICE
STORE SERVICES
A
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“SOUTHBOUND" DEVICES, SENSORS AND ACTUATORS m

=X : https://www.edgexfoundry.org/about/
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~ H& g 1y

+ Optional Reference Services

E [] I} [% F [I u H H Y Enabling tiered loT deployments with many types of edge devices.

FOG/CORE CLOUD

- i\
P~
~ Fog Servers
(Pa a Q a)
& :
w v (¥, ]
3 Y =
= A & &a
— P\ Edge Gateways Intelligent
% | Edge Gateways
F
&

&
i 1l

Embedded Device Services

Example Microservices

go_ Database

Simple Rules
Engine (IFTTT)

b Edge Analytics
[e.g. ML, CEP, Al)

Data
Orchestration

Security

System
Management

Device Service

=X : https://www.edgexfoundry.org/about/
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< 2|52 XY THe| o X| o7 |EjA = =M E Xt
o SHUAL| 7|x|= A 7|Y &F API H|S S8 AlIE (0l)
< Akraino Edge Stack: AT&T 2} Intel A2t

7 Akraino Chest r=
Declarative
Configuration :
| Edge Application and APIs APIs Edge Cloud(s) Akraino 5
. Aoptications & s ... NIV WUITCTIRGTN | pper AlToolsbox | |
| Edge Application and Lightweight Edge App Lifecycle
i Orchestration Orchestration Tools |: _ 8
R e R A R e T e B A R R R e R e SR R e ETE Operations tools H
I NFV Orchestration NFV & Domain Specific
; Orchestrator ETE Security tools ] 5
CiCD ottt ettt S sgagitogiier s s —————— '
Edge Platform Infra Orchestration :
Software Storage : Narad :
. Network Control Plane < ' (Inventory)
Network Data Plane '::n de"r)
Operation System Cloud ETE Testing Framework
“““““““““““““““““““““““““““““““““““““““““““““““““““““““““““ s (infra, UCP, VNF, App)
---------------------------------------------------------------------------------------------------------------- Lifecycle
PINC ;
(N/W Orchestration)
: Satellite Rover '
: Customer Edge — Fa— ComTr::n'rtv Documentation :
EDGE STACK Source: AT&T
JS Lab
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% TelcoE 2Tt K8s2| H|{=g¢Ql 7|5 Hi =

= Telco2| SDN
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10.20.0.0/24 untagged (Management)
10.20.1.0/24 vlan=10 (Tenant)
10.20.2.0/24 vlan=20 (Storage)

10.20.3.0/24 vlan=30 (Public)

2 (DC or UP)

10.20.3.1

GW/User

10.20.0.1

Deployer Mode (Maas & ODL)

- ' ©) maas
Baondl Bond
10200000724 10200 1.0724-10.20. 2.0/24-10,.20,3.0/24

Kubernetes-Worker Node 1

Kubernetes-Master
br-int Cirl: COE Kube Proxy

Bondd Bond1
10.20,0.0i24 10.20.1.024-10.20.2.0724-10.20.3.0/24
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Kubernetes-Worker Node 2

Z£X: https://blog.symkloud.com/adapting-kubernetes-to-the-sdn-stack-for-telco

% 1n.21:| {1[)1111} 1mm 11[]-1121}
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V. Edge Cloud Computing

< LF Edge: 2|52 ZHTH0| 2019 1& A|Elot T2EME

% 60 members, including Arm, AT&T, Dell, Ericsson, IBM, Intel,
Huawei, Red Hat, Samsung

** Projects:

« Akraino Edge Stack

 EdgeX Foundry (a common open framework for loT edge computing)
 Open Glossary of Edge Computing
- Home Edge Project

 EVE (Edge Virtualization Engine, open and agnostic standard edge
architecture)

LILFEDGE

A~ HOME OPEN GLOSSARY =\ /=
NZEDGE OF EDGE COMPUTING cose uirruatizanion

ENGINE
EDGEXFOUNDRY

JS Lab
=X https://www.lfedge.org/




V. Edge Cloud Computing

“ Airship: a collection of components that coordinate to form means of
configuring and deploying and maintaining a Kubernetes environment using
a declarative set of yaml documents. More specifically, the current focus of
this project is the implementation of OpenStack on Kubernetes (OOK).

Regional Cluster Region Ciuster
External
% ' . Control Plane
Anffactery i beybock PROMENADE
— Am"rr‘:; = > SHIPYARD
’ DIVINGBELL
Source Code ° ° becinaup
‘ Deploy Site
= I IAM
e o= o o T
te e
° Y7777 ° ARMADA HELM o OsH
CV/CD Server :—
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% LF Open Source Edge
% Standards, Ref Arch and Ref Implementation

@}] - @ Standards & Orgs for Edge

m\{((( }D\. ISG MEC

Carrier Cloud
Data Center

@Upeni DGEcomputing

LECC

Internet /
Web

L openstack. kubernetes

- loT Alliances &
Hﬂstéiluscr;vale) AT Consortiums
-.__15._1::-'-"(-0

e

nterprise~. .

. &lIoT
N e DGEXFOUNDRY

Open Edge Core & Cloud Other Edge Activities

y Inciustricy intesmiet
CONSORTIUM

Y041

THE

L LINUX

FOUNDATION
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V. Edge Cloud Computing

< 292 ELAALC| Edge Cloud Computing 28 7|&
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V. Edge Cloud Computing

< 29 MECO| O|X| &% 7|=

Base Stations, including mobile base stations, cell towers, central
office base stations

RAN for LTE/5G

Radio network controller for WiFi

Cable modem termination systems (CMTS) for cable

PON OLT for fiber or the access points for other networks such as
Zigbee, CBRS, LoRA, DSL, MulLTEfire, private LTE.

Hot spots

Small cells

Data centers (and micro-data centers)

Routers oo

Switches Optnel g Fo Edgo lacoment ,

WiFi access points

= elco
i
. (Wire Centers,

elc.)

evice
~2ms

Edge Placement B
AKRAIND
EDGE STACK
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