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[*1] https://blogs.akamai.com/jp/2015/07/bestpractice-web-perfromance01.html
[*2] https://aws.amazon.com/about-aws/global-infrastructure/

Source : medium.com
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https://blogs.akamai.com/jp/2015/07/bestpractice-web-perfromance01.html
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[*]”Designing Data Intensive Application”, Martin Kleppmann, O'Reilly Media 2017
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Data Intensive Network Systems
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e ONIC2019 IT—AFILTITA—F N RTLEFS |

e ONIC 2020 IData Intensive Architecture ~~ What’s next for Edge Computing? |
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- Today !

o SMEIX. T—ADREZERRIT S ITyoavEa—T409 & SHETIER
ZEMMATETILFTIOER OEBEERY LT3

- MIRERXZF—FE TED&. ["Cloud First” & “Mobile First” HEHAH S D> TULVELY ]



https://onic.jp/_cms/wp-content/uploads/2019/11/ONIC2019_kono.pdf
https://onic.jp/archive/2020/_cms/wp-content/uploads/2020/11/onic2020-kouno.pdf
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 “By 2024, most cloud service platforms will provide at least some
distributed cloud services that execute at the point of need ”
[2024FF TIZ, [FEAEDITINT—ER TSN TH—LH . LB
RAVRTEAT B MBISIE - —E RERET B L5145

- Gartner, ZOZOESH https://www.gartner.com/smarterwithgartner/the-cios-guide-to-
distributed-cloud

* “In 2021, edge computing will hit an inflection point”
(20215, Ty aoEa—T4 YV (FEHRZEDZ 5]

— Forrester, ZOZOEllﬁ https://www.zdnet.com/article/in-2021-edge-computing-will-hit-an-
inflection-point/



https://www.gartner.com/smarterwithgartner/the-cios-guide-to-distributed-cloud
https://www.zdnet.com/article/in-2021-edge-computing-will-hit-an-inflection-point/
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Amazon AWS + Verizon

https://www.fiercewireless.com/5g/verizo
aws-to-bring-more-power-to-its-5g-edge

Bring AWS services to the edge
of the Verizon 5G network.

Verizon 5G Edge brings together Verizon's ultrafast, ultralow latency 5G Ultra Wideband* network and AWS; industry-
leading cloud services to enable the creation of next-generation applications.

5G Edge leverages AWS Wavelength, a new type of AWS infrastructure. Applications are deployed to Wavelength
Zones—AWS infrastructure deployments that embed AWS compute and storage services at the edge of the Verizon
5G network—and seamlessly access the breadth of AWS services in the region.

This reduces the extra network hops to the internet, thereby avoiding a transit penalty of 100 milliseconds or more,
helping to ensure substantial enhancements in application performance and end-user quality of experience.

That means developers can build applications that are experientially immersive, with super-fast response
requirements, such as game and live video streaming, machine learning inference at the edge, and augmented and
virtual reality (AR/VR).

———J

Extend the Amazon Virtual
Private Cloud (VPC) to include
a Wavelength Zone and then

create AWS resources like

Amazon Elastic Compute

Cloud (EC2) instances in the

desired subnets

[Bl=—=: |
= - B L

19/
N e T F ]
AWS Region Wavelength Zone Application traffic can reach
application servers running in
Deploy the portions of an application that require ultra-low Wavelength Zones without
latency in a Wavelength Zone, and then seamlessly connect leaving the mobile network

back to the rest of the application and the full range of cloud
services running in the AWS Region

https://aws.amazon.com/wavelength/




Google Cloud + AT&T

ANTHOS

with Google Cloud

A

Anthos

Bringing partner applications to the edge

https://cloud.google.com/press-
releases/2020/0305/google-cloud-att-collaboration

https://cloud.google.com/blog/topics/anthos/an

thos-for-telecom-puts-google-cloud-partners-
apps-at-the-edge

C97-743300-00 © 2020 Cisco and/or its affiliates. All rights reserved. Cisco Public

AT&T and Google Cloud Team Up to Enable
Network Edge 5G Computing Solutions for
Enterprises

New solutions delivered by AT&T and Google Cloud help solve real business challenges by bringing
Google Cloud to the AT&T edge

Sunnyvale, CA and Dallas, TX, March 5, 2020 - Today, Google Cloud and AT&T announced a collaboration to help enterprises take advantage of
Google Cloud's technologies and capabilities using AT&T network connectivity at the edge, including 5G. Additionally, AT&T and Google Cloud intend to
deliver a portfolio of 5G edge computing solutions that bring together AT&T’s network, Google Cloud’s leading technologies, and edge computing to
help enterprises address real business challenges.



https://cloud.google.com/blog/topics/anthos/anthos-for-telecom-puts-google-cloud-partners-apps-at-the-edge
https://cloud.google.com/press-releases/2020/0305/google-cloud-att-collaboration

Google Cloud + Ericsson, Google Cloud + Nokia

Google Cloud and Ericsson Partner to
Deliver 5G and Edge Cloud Solutions
for Telecommunications Companies

and Enterprises

Available in English BZAE %2t

e Google Cloud and Ericsson come together to help communicat
capabilities to the edge, unlocking new possibilities for enterp

e  Partnership brings together Google Cloud’s compute platform
leading 5G portfolio

e  Ericsson, Google Cloud and TIM are currently piloting 5G clou
edge enterprise use cases in automotive, transportation and o

https://www.ericsson.com/en/press-
releases/2021/6/google-cloud-and-ericsson-partner-
to-deliver-5g-and-edge-cloud-solutions-for-
telecommunications-companies-and-enterprises

https://cloud.google.com/press-

releases/2021/0114/s00gle-cloud-nokia:

Google Cloud, Nokia Partner to Accelerate
Cloud-Native 5G Readiness for Communications
Providers

Google Cloud and Nokia will jointly develop cloud-native 5G Core solutions for communications service
providers and enterprise customers

New partnership will deliver cloud capabilities to the network edge to accelerate enterprise digital
transformation

Espoo, Finland and Sunnyvale, California, January 14, 2021 - Google Cloud and Nokia today announced a global, strategic partnership to bring new
solutions for communications service providers (CSPs) that modernize their network infrastructures, build on a cloud-native 5G Core, and develop the

network edge as a business services platform for enterprises.

telecommunications



https://www.ericsson.com/en/press-releases/2021/6/google-cloud-and-ericsson-partner-to-deliver-5g-and-edge-cloud-solutions-for-telecommunications-companies-and-enterprises
https://cloud.google.com/press-releases/2021/0114/google-cloud-nokia-telecommunications

WBIEEXSE & Hyperscaler D/IN— kF—2vw T (1/3)
BIEEXESE | Edge Platform Hh iz Use case
AT&T Google Cloud US, Americas Al/ML, video analytics, enterprise AR

Microsoft Azure

Etisalat Microsoft Azure UAE, Middle Smart cities, loT, public safety, vVRAN
East
KDDiI AWS Japan Gaming & Entertainment, AR/VR, Video
optimization
Proximus Microsoft Azure Belgium Manufacturing, AR/VR, gaming, healthcare,
logistics
Rogers Microsoft Azure Canada Smart Campus, gaming, AR/VR
SK-Telecom AWS South Korea Video optimization, AR/VR, gaming, smart
Microsoft Azure factory, akutonomous vehicle
In-house (MEC Open platform)
MobileEdgeX

Source: STL Partners
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BIEEXESE | Edge Platform Hh 15§ Use case
Telecom lItalia | Google Cloud Italy Unknown
Telefonica Google Cloud Spain Automotive (Assisted driving), entertainment
Microsoft Azure & media, financial services
Telcomsel Microsoft Azure Indonesia Manufacturing, loT, Al, AR/VR
Telstra Microsoft Azure Australia Financial services, gaming
Verizon AWS us Al-powered facial recognition software,
AR/VR
Vodafone AWS UK, Europe Video analytics, real-time asset inspection,
Microsoft Azure AR, drones, Al-powered media editing

Source: STL Partners
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B{EEEE & Hyperscaler D/S— ~hF—2 v 7 (3/3)
Usecase NER

mAl/ML m Video analytics m AR/VR
W loT B Public Safety B Smart xxx
W Gaming/Entertainment m Healthcare W Logistics

W Connected Car MW Financial Service

C97-743300-00 © 2020 Cisco and/or its affiliates. All rights reserved. Cisco Public
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ETSI ISG MEC + 3GPP

FREHEEOBIEL, 3GPPEEL DS S —F i
HRRHBEO R

ETSI White Paper #36

Harmonizing standards for
edge computing -

A synergized architecture leveraging
ETSI ISG MEC and 3GPP specifications

1st edition — July 2020 ISBN No. 979-10-92620-35-5

Edge-unaware
UEHH—/\—%,, EdgeZEH LAY

Edge-aware

EdgeZF BT A &ITKB Ak

- MERRONSTvIEELGEDRYE
J—OH—EX~NDT IR

- IyUTOTIIVr—avnEMIE
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Edge Application Server DFE R
- DNS based
- Device based



ETSI ISG MEC + 3GPP
* 3GPP
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= EDGE-5 EDGE-3 ""—‘“' Mot based on ETSI MEC
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ED~""E n Platform % Managsr
EDGE-6 = : MRS o
Edge Enabler M3IGPP-1 EDGE-9/Mp3
L
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EDGE-4 Mm9
1
) Mml +
' - User app LCM -
EDGE-8 proxy
Operations Support m,“ Customer Facing
Mmg System (OSS) ' | Service (CFS) Portal
Depicts a reference point grouping two interfaces Mx2
EDGE* depict 3GPP SA6 mnterfaces } Device app
Mp*, Mx* and Mm* degict ETSI MEC intarfaces

2.7 Fioctire 2 Svnercized Mohile Fdoe Cloiid architectiire ciinnorted bhv 2GPP and FTSI ISG MEC cnecificatinne



Edge Computing M7= ® 3GPP &4

* Edge Computing Z23RIR9 S5 7—F 72 F + (3GPP TS 23.558)
« Edge Computing D /= ® 5G System #i:5& (3GPP TS 23.548)

3GPP TS 23.558 v17.0.0 2021-06)

3GPP TS 23.548 v2.0.0 (2021-09)

Technical Specification

34 Generation Partnership Project;

Technical Specification Group Services and System Aspects;
Architecture for enabling Edge Applications;

(Release 17)

%)
R
!

IIIIIIIIIIIIIIII

Technical Specification

. 3rd Generation Partnership Project;
. Technical Specification Group Services and System Aspects;
' 5G System Enhancements for Edge Computing;
Stage 2

(Release 17)
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TS 23.558 Figure 4.1-1
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ECS EES

TS 23.558 Figure 6.2-1



Edge Computing Z3IR9 57 —+FT 2 F + (3GPP TS 23.558)
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TS 23.558 Figure 6.2-4
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T-EAS S-EAS AC EEC ECS T-EES S-EES

o UEDFBENIZHEL. L DEASEH |
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update

° -Ij-_t\\x EFI I*ﬁ%:ﬁsilj\ BE':*‘[”%%T: Phase Il: ACR Decisioh 2. Dedision I
&1Z. Application Context |

Phase Ill: ACR Executjon

Relocatlon (ATR)s %LT%*L':{EIfa 3. Service Provisioning

for new location

Application Context Transfer (ATC) I I

S~ N 4. T-EAS discovery
MNILEIZIED |

5. T-EAS selection
|

6. App Context Relocation Request
I

7. Application Context Transfer

Phase IY:Post-ACR Clgan up

8. Cleanup

TS 23.558 Figure 8.8.2.2-1



Edge Computing M7= ®M 5G System #i3k (3GPP TS 23.548)
IvoarvEa—Ta 7Y R—F 50D

Reference Architecture for supporting Edge Computing

UE

N1

AN

SHBT7—XTIOF¥

NRF PCF AF UubMm
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Namf Nsmf Nnef Neasdf

AMF SMF NEF EASDF
N2 N4, N4 N4
N3 UPF N9 UPF N6 Central DN

(UL CL/ BP) (C-PSA)
EAS : Edge Application Server
UPF " / EAS ge App
(L-PSA) \Local part of DN

TS 23.548 Figure 4.2-1



Edge Computing M7= ®M 5G System #i3k (3GPP TS 23.548)
IyoaAVEa—T1oT Dz D5GHEKRET IV

5GC Connectivity Model for Edge Computing
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Y| e on ) . —
= - RILFPDUEYIIY ETIL
I gL, * Edge Computing7 74— 3> D =6H1Z1F
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(X2 —UPFE(ES

—— |P Anchor Point
—O— UL CL/BP and Local PSA UPF TS 23.548 Figure 4.3-1
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E7 )L (SSC mode 2) . FHZmake before breakBJIZ{T5ET /L (SSC mode 3) L EEZESNT-

[Tyoa Ea—T42T D=8H D56

. i 3 . \ |
BEHREETILICELTE, —HiHK S

\
\

) (a0
4

/
UE: User Equipment R — —_—

DN: Data Network IP1 IP1 E P P2 IP1 P
SSC: Session and Service Continuity P2
PSA: PDU Session Anchor SSC mode 1 SSC mode 2 SSC mode 3

UPF: User Plane Function

https://www.sciencedirect.com/topics/computer-science/session-continuity
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=& am — Hyper scalers OfE@RAY £
* Hyper scalers H' Edge Computing £L,F TS FUAILE S

o Ry —2FfH (to/from Cloud, Inter-Cloud) HA A& +%

© QOEDFBLY, FEDBEBEIET T 7r—a v BEHICHITT 515
[CIEFRRBLTWSEDE 2L

Device Customer Access Network Core Peering / Hyperscale /
Edge Network Aggregation Network Exchange / Private
Points Telco DCs Cloud

©@ @ A B B8 o

End-devices Customer Cell towers, C-RAN, Central offices, Peering points, Data centres
premises: street cabinets exchange exchange/core internet
homes, offices, (fixed or mobile) data centres exchange, co-

factories, etc. location

https://stlpartners.com/edge_computing/edge-computing-architecture-impact-latency/
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M. Hosseinzadeh, A. Wachal, H. Khamfroush, D.E. Lucani, “Optimal Accuracy-Time Trade-off for Deep Learning Services in Edge
Computing Systems,” IEEE ICC 2021
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Multi Path
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o BEIFFIZ. TR YRT—IH WiFi <-> Cellular IZEIYEDHBIEE
(AR IAVIRATL—3y) BEN6-THRRYINS

6 seconds 6 seconds

Voice Delivery in

<:Wi-Fi ) LTE >< Wi-Fi >
Network Bearer

1~2 seconds No delay

Source : Cisco and Samsung
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ICN (Information Centric Networking)
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https://www.nist.gov/programs-projects/information-
centric-networking-program

For more information
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What is NaaS?

* “Network as a service (NaaS) brings Software Defined Networking (SDN),
programmable networking and APl-based operation to WAN service, transport,
hybrid cloud, multi-cloud, Private Network Interconnect, and Internet
Exchange.”
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v ID—F245, APIR—XDER%Z. WANY—E X,
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* “NaaS involves the optimization of resource allocations by considering network
and computing resources as a unified whole.”

[Naaslg, Ry b =0 LAY Ea—FT 42 0D) I/ —REHENLEEHELE L TRA.
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https://en.wikipedia.org/wiki/Network as a service
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