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Agenda

= Recap from Part |
= ETSIMEC Introduction

= Overview of MEC deployments
= MEC in 4G, 5G migrations phases, MEC in 5G Rel. 15, Rel. 1/

» Examples of MEC deployments (V2X use cases)
= Ongoing Work and future directions
= Conclusion
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Edge Computing Types by Latency
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Figure Source: https://networkbuilders.intel.com/solutionslibrary/composable-architectures-for-a-sustainable-edge
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Access Edge
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Figure Source: https://opennetworking.org/wp-

content/uploads/2020/09/Petr-LedI|-Final-Slides pdf

NOTE: Figure is showing example only. In practical cases, the edge deployment at Siinterface may come with multiple issues, many
other alternative deployment options are possible (for more a detailed analysis see IEEE Tech Blog, Part ] and Part 2)
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https://techblog.comsoc.org/2021/12/15/multi-access-edge-computing-mec-market-applications-and-technology-part-i/
https://techblog.comsoc.org/2021/12/18/etsi-mec-standard-explained-part-ii/

How Does Everything Fit In?

» End-to-End view of loT to Edge to Cloud Computing
= APIs play Crucial role in End-to-End Connectivity
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Figure Source: https://opennetworking.org/wp-content/uploads/2021/09/Enterprise-lo T-5G-Edge-Virtual-Cloud-v12.pdf
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About — Dario Sabella

DARIO SABELLA works with Intel as Senior Manager Standards and Research, driving new technologies and
edge cloud innovation for advanced systems, involved in ecosystem engagement and coordinating internal
alignment on edge computing across standards and industry groups. In February 2021 has been elected as
Chairman of ETSI MEC (Multi-access Edge Computing), while from 2019 he was serving as vice-chairman,
previously Lead of Industry Groups, and from 2015 vice-chair of IEG WG. Since 2017 he is also delegate of bGAA
(5G Automotive Association) and Lead of gMEC4AUTO in 5GAA. Before 2017 he worked in TIM (Telecom ltalia
group), as responsible in various research, experimental and operational activities on OFDMA technologies
(WIMAX, LTE, 5G). He is Innovation Manager at 6G Flagship EU project Hexa-X. Author of several publications
(40+) and patents (30+) in the field of wireless communications, energy efficiency and edge computing, he has
also organized several international workshops and conferences. Dario is IEEE Senior Member, recently appointed
Senior Associate Editor of IEEE Consumer Electronics Magazine.
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SIMEC Introduction
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https://portal.etsi.org/TB-SiteMap/MEC/MEC-Leaders-and-Support-Team

_ . ETSI(L__ )\
ETSI MEC — Foundation for Edge Computing D 4

MEC offers to cloud-computing

capabilities and an IT service environment at the edge of the network

Basic principles:

« Open standard - allowing multiple implementations and ensuring interoperability

«  MEC exploiting ETSI NFV framework and definitions - enabling MEC in NFV deployments

« Alignment with 3GPP based on fruitful collaboration of common member companies - enabling MEC in 5G
« Access-agnostic nature (as per MEC acronym - Multi-access Edge Computing) - enabling other accesses

« Addressing the needs of a wide ecosystem - enable multiple verticals (e.g. automotive), federations

MEC system level

555555

Management and orchestration
. Mp1 based on ETSI MEC

EEEEEE

MEC hest level

EEEEEE

Figure 6-1: Multi-access edge system reference architecture
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https://forge.etsi.org/

ETSI MEC Architecture ETSI(C )

Phase 3 deliverable published in March 2022
ETSI GS MEC 003 (introducing Architecture variant for MEC federation, as in figure) MEC federator (MEF): enables a MEC federation between
MEC systems
ors M « A MEF interfaces to at least one MEO
portal ' Operations Support System . . .
»  Each MEF enables information exchange with at
Device , User app Mrln8 least one other MEF
app MIZ LCM proxy ' Mm1 =+
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} X cycle i .
senice [ 1| Tee A ps (| mms | "™ mgmt || mamt * MECsystem discovery; . |
MEC || MEC |[ MEC ||| ¥ || handing *  broker capability acting as a one to many intermediary
App || App || App MEC platform manager between MEFs;
MEC platform - : : : .
* information (e.g. MEC system information) exchange;
+ Mp2 + Mmé Mmd < * application lifecycle management (e.g. on-
S 1 boarding/instantiation/termination) across different
Other | ata plane | —L )
. Virtualisation infrastructure Other MEC MEC systems;
MEC Virtualisation infrastructure 1 manager — er L0 o .
host MEC host | Mm7 system * application monitoring across different MEC systems.

Reference: https://www.etsi.org/deliver/etsi gs/MEC/001 099/003/03.01.01 60/gs MEC003v030101p.pdf
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http://www.edgecomputingworld.com/edge-hackathon-2022
https://apiportal.akraino.org/apimap.html
https://try-mec.etsi.org/
https://mecwiki.etsi.org/index.php?title=MEC_Ecosystem

Overview of MEC Deployments
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Scope of the ETSI/3GPP Alignment on Edge Computing

= General goal on aligning these standards, as asked by the industry, is to avoid duplication of work (or
land to conflicting/diverging standards that would lead to market fragmentation), and to openly
enable edge platforms and products that can be 1) compliant with 3GPP 2) ETSIMEC 3) both.

* In particular, the third option (although not mandatory) can provide added value to the edge ecosystem,
decrease implementation and deployment costs, and encourage adoption of edge computing.

Notes:
In 5G, alignment of the 2 standards is the key.

General consensus to align ETSland S3GPP in
order to avoid auplication of work.
Anyway, alignment doesn’'t mean equivalence

(Note: ETSI MEC is Multi-access Edge Computing, thus
including also Wi-Fi, fixed access, etc..)

Meetup: Types of Edge Computing — Part 2 — ETSI MEC Deployment Models
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MEC in 4G Deployments

= ETSIhas already clarified how MEC can be deployed in 4G networks, given its access-agnostic nature [5], with
many approaches:

1. " (BIW) (where the MEC sits on the Slinterface of the 4G system architecture),
2. " (d-EPC) (where the MEC data plane sits on the SGi interface),
3. " (d-GW) (where the control plane functions such as the MME and HSS are located at the operator’s core site)
4, "(SGW-LBO) - where the MEC system and the distributed SGW are co-located at the network’s edge).
é\ﬂ J‘s‘l u $5/58 SGi - ..... o T
0« A=, H g ((f$\+ms”“—n—mn~*-
UE ‘sxijE Edge site Figure 4: 5-GW and P-GW MEC deployment 4_
LA ’
....................................................... 3. e
Q (« /$\+m+x
e Pl

i Edge site
L +4—=*=

Figure 5: SGW LBO MEC deployment
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MEC in 4G Deployments with CLUFS

= ETSI|has already clarified how MEC can be deployed in 4G networks, given its access-agnostic nature
[5], with many approaches:

e
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Migrations Phases

= GSMA published a document on “Operator Requirements for 5G Core Connectivity Options” [11], describing

the various deployment options, and including the results of a

(and Operator groups) who are planning to launch 5G in the next 2 years to understand which of the Options

they are considering for their deployment plans.

= A widely accepted sequence for 5G deployment phases (starting from 4G networks) is to consider first

(5G NSA) and then

(5GSA)

LTE Core
(EPC)

i
i
1
|
1

~
N
AN
N

\_

4 Option 1

Standalone LTE, EPC connected - (Legacy)

.

~

J

Meetup: Types of Edge Computing — Part 2 — ETSI MEC Deployment Models

conducted by GSMA with

Legenda
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----'S

1-C

NG-U
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4 Option 2 N Option 3 )
Standalone NR, 5GC connected (5G SA) Non Standalone, LTE assisted, EPC connected
LTE Core 5G Core
(EPC) (5GC)
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Migrations Phases - Status

» Operators started deploying 5G under

« andthen are gradually moving to

5G Mode®

Approximate
number of 5G base
stations

Population

People per base
station

5G target bands
assigned

Indicative 5G
subscriber
numbers

China

*

NSA/SA

916,000

1,402,000,000

1531

700 MHz
2.6 GHz
3.6 GHz

166 million (China

Mobile only; source:

China Mobile
Research Institute)

173 million (source:

Ericsson 2020)

South Korea

NSA/SA

162,000

51,780,000

319

3.6 GHz
28 GHz

17 million (source:

5G Forum, Korea)

0 =
NSA/SA NSA
50,000 50,000
125,800,000 329,500,000
2516 6590
600 MHz
25GHz
16 GHz 3.45 - 3.55GHz
35-37GHz
36-41GHz
37-3.98 GHz
45 GHz
28 GHz 24 GHz
28 GHz
39 GHz
47 GHz
15.8 million (in
Dec 2020; source: Insider
14.19 million (source: Intelligence)
Japan times) 14 million (including
Canada; source: Ericsson
2020)

https://5gobservatory.eu/observatory-overview/5g-scoreboards/
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EU

NSA/SA

112,000

447,706,000

3988

700 MHz
3.6 GHz
26 GHz

8 million (source:

Ericsson 2020)

4 Option 3 )

Non Standalone, LTE assisted, EPC connected

LTE Core
[(319)
H
H

5G Core
(5GC)

Example: VF Germany planning to
bring 5G SA to 98% of German
households by 2025.

- ]
4 Option 2 )
Standalone NR, 5GC connected (5G SA)
5G Core
(5GC)
OT
Johan Wibergh - 2nd
6 Chief Technology Officer, Vodafone + Follow
5d-®

Vodafone Germany plans to bring #5G standalone (5G SA) to
98% of German households by 2025.

5G SA provides users with even faster access and quicker
response times - great for gaming and industrial apps.

Also, we announced that 5G SA in Germany is now activated
on 16 of the most popular smartphones and tablets.

!
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— Migrations Phases

 The figure below shows examples of MEC deployment [12] in:

‘ " | MEC
‘ = - {s6w —| Pow — &R | Internet
¢ (top) . UE eNB | | |
LTE RAN Centralized EPC site
° i , T . _VNF
<m|dd|e> aﬂd ‘ \)gé X2 & S-GW P-GW “I | P
O d— VNF VNF ’
UE gNB eNB = . 2 ———
5G NR NSA Distributed EPC site
° (bottom)
' /',Q ‘( UPF —‘ I\\IJE(F: Internet
. UE gNB | . 4 & ‘ | -
5G NR SA Distributed 5GC site
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— Rel. 15 Onwards

* MEC host can be associated to AF and UPF in 5G architecture.

* |n addition, since in 3GPP the user traffic is routed to the local Data Network, MEC Apps can be mapped in 5G
architecture as located in the DN

Mx1
CFs ; 5
portal Operations Support System >
£
NEF NRF PCF UDM MEC platform Dovics . Jeorann ] Mm8 g
app MI2 LCM proxy Mm1 <+ o
X
Nnef Nnrf Npcf Nudm Naf | )
) } MEC orchestrator [ =
Nausf Namf Nsmf Mm@
OS— —O— —— Sl e .- -
AUSF AMF SMF + Mm2 =+ Mm3
MEC Data Plane otmer |14
AF Mp3 MEC
platform P service
MEG ©
4 Mp1 Mp1 - MEC MEC
PN\ N2 N4 P P | Senvice registry platiorm || 2P || app e 2
: element rl::;g cycle -
Service Traffic mgmt mgmt
DNS Mm5 mgmt ]
mec || mec [[mec ||| s || nanding " °
N6 App || App || App control MEC platform manager o
UE (R)AN N3 UPF DN MEC platform 2 2 =
:|~Mp2 + Mm6 Mm4 <+
MEC Host oter s
MEC Virtualisation infrastructure } | e Isanl:;:,;n :S ruetre |_
host MEC host | Mm7 9
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allows the UE to obtain content from both the local server and central server (service continuity is enabled by IP address anchoring at the centralized

— Rel. 15 Onwards

« Figure below illustrates an example of how concurrent access to local and central DN (Data Networks) works. In this scenario, the same UP session

UPF, with no impact on UE by using Uplink Classifier -ULCL).

UE

RAN

NSSF

AUSF

UDM

NEF

AMEF

PCF

]

UPF

Edge Cloud for Ultra-low latency,
high reliability services

1 DN '

Central Cloud
a.k.a. Conventional “internet”
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— Rel. 15 onwards (ref. MEC O31)

« The ETSI white paper “MEC in 5G networks” [6] has initially set the scene for this study item
* |ISG MEC investigated the opportunities offered to MEC by the 5G system and its edge computing enablers
« MEC 083ltechnical report [7] was published in October 2020 (*)

ST -
(2]
- - T
* The scope included the following '

|, C-planeinteractions with 5GC, h I I
AUSF PCF — O E— O E—— O — W —— W —— W —— Y ——— S——

2. Functional split between MEC and 5GC wrt. -

APl framework, 9
N4 oL
3. Organization of MEC as an AF, £
L e | 21 2 B
4. Pertinent interactions of MEC with (R)AN L 51=9 3
Infrastructure 3 23 .

Data Network
(LA/DN)

(*) ETSI GR MEC 031V2.11(2020-10) - Multi-access Edge Computing (MEC) MEC 5G Integration https://www.etsi.org/deliver/etsi_gr/MEC/001_099/031/02.01.01_60/gr_ MEC0O31v020101p.pdf
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— Capabilities

—Xposure

* MEC services are typically envisaged as being offered and supplied by Mobile Network Operators.

* However,a MEC service can also be offered by the third parties. As a consequence, the NEF is used as an entry point in the 5G network to enable

this information exposure, when MEC (as AF) resides outside the 3GPP domain.

* The diagram below shows an example of how a third-party cloud service provider could leverage 5G network functions in harmony with the MEC
architecture to provide an edge computing service.

5G Core Network

AUSF

UDM

NRF

PCF

NEF

AMF

SMF

UE

MEC

Orchestrator

MEC System Level
Management

RAN

Cu

UPF

User plane

MEC Host

Meetup: Types of Edge Computing — Part 2 — ETSI MEC Deployment Models

Provisioning/

subscription
=

Monitoring/
notification

The MEC orchestrator as a 5G AF interacts with NEF and with
other relevant NFs with regards to overall Monitoring,
Provisioning, Policy and Charging capabilities.

On the other hand, services offered by a MEC Host such a RNIS
rely on direct exposure to the CUs/DUs of the 5G RAN.

NEF can handle control plane functions for third-party service
providers to manage MEC operation.

Network information exposed by the NEF is consumed by MEC
services and can be exposed to MEC applications.

This allows a clear separation between the MNO and the third-
party service provider.

intel.
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—Rel. 1/

UE 3GPP Core Edge Data Network
. . . . - Network Edge
The EDGEAPP architecture defined in SA6 introduced new gy soplaiondaa T poton
EDGE-7
functional entities:
+ Edge Enabler Client (EEC), who enables discovery of Edge Application Servers and EDGEL Edge Enabler ]EDGE_Q
provisioning of configuration data; EDGE2 serverte
Edge Enabler
+  Edge Enabler Server (EES), providing to EEC the information related to the Edge Application lent o
Servers, and also exposing capabilities of 3GPP net-work to Edge Application Servers; EDGE4 o Edge Configuration Server

+  Edge Configuration Server (ECS), providing supporting functions need-ed for the EEC to

connect with an EES. 3GPP TS 23558 “Architecture for enabling Edge Applications; (Release 17)

s pratin - MEC Apps and EASs are basically the same
e IR > eAs MEC Platforms and EESs have very similar duties

Client(s)

T

EDSEY Management and orchestration
+EDGE'5 e +7+ o' based on ETSI MEC
ED(IEEvl s >

| MECP
I EDGiE—z EES Plrtf:rm L|:| t Man:g:’rrrn
Mm3 g g

wrrs 6 T ot More recently, a Synergized Mobile Edge

Client (EEC) T MEC

=K 5 Cloud architecture is supported by 3GPP
B Py Y e and ETSIISG MEC specifications

Mm8 System (0SS) " | service (CFS) Portal

MEC

Application

t User app LCM
EDGE-8 proxy

Depicts a reference point grouping two interfaces Mx2
EDGE* depict 3GPP SA6 interfaces t Device app

Mp*, Mx* and Mm* depict ETSI MEC interfaces

Ref. ETSI White paper: “Harmonizing standards for edge computing - A synergized architecture leveraging ETSIISG MEC and 3GPP specifications”, July 2020, link here
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https://www.etsi.org/newsroom/news/1806-2020-07-new-etsi-white-paper-harmonizing-standards-for-edge-computing-a-synergized-architecture-leveraging-etsi-isg-mec-and-3gpp-specifications

Relationship of Service Providers

in the Edge Computing Network Deployment

The edge computing service provider (ECSP), responsible for the
deployment of edge data networks (EDN) that contain EAS and EES

PLMN operator

Ref. 3GPP TR 28.814

Edge computing

Application
service provider

service provider Edge
4 " computing
Edge Data networks ADDS

Edge applications

orchestration

EES

The application service
provider (ASP),
responsible for the
creation of edge
application servers
(EAS)

Application clients
(AC), representing the
edge computing
application running in
the server and UE
client

Note: ECS provide functions needed for the EEC to connect with an

EES. And the ECS may reside in PLMN operator or ECSP.
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of MEC 5G Deployments (V2X use cases)

» Scenario 1 (6GAA MEC4AUTO) (¥)

Operator A Operator B

¢ |tis assumed that each client apps communicates with T 3 |
the local server app (MEC app Y) by means of traffic | DN DN
offloading to DN of each MNO via N6 interface. il m ma (“Legenda )
= {1P Network ontrol [

edge service
plane

* The server apps communicate with each other through
a controlled IP network.

—
data plane

/

» The communication involves the edge service (control)
plane traffic between MEC platforms of both MNOs and

between the MEC platform and local server application

Of each M NO lllustration of Scenario 1, where both MNOs have MEC platforms and MEC
application Y (Multiple OEM vehicle use case)

(*) Ref. https://5gaa.org/wp-content/uploads/2021/03/5GAA A-200150 MECA4AUTO Task?2 TR MEC-for-Automotive-in-Multi-Operator-Scenarios.pdf
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https://5gaa.org/wp-content/uploads/2021/03/5GAA_A-200150_MEC4AUTO_Task2_TR_MEC-for-Automotive-in-Multi-Operator-Scenarios.pdf

—xamples of M

—C 5G Deployments (V2X use cases)

* @ CoSFedgesetup o @ cualHosiedge setup

MNO-2

MNO-2
Data Center
(PoP)

MEC
platform
(ap) (NS

—Optional

Figure 7.1-2: End-to-end QoS in a multi-MNO environment through controlled WAN(s) Figure 7.1-3: End-to-end QoS in a multi-MNO Environment through MEC hosting in a shared data centre

End-to-end QoS in a multi-MNO environment
through controlled WAN(s)

End-to-end QoS in a multi-MNO Environment through
MEC hosting in a shared data centre

MNO-2

Local Data MNO-2
Network Data Center

Figure 7.1-4: End-to-end QoS in a multi-MNO environment through gateway and MEC hosting in a shared data
centre
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MECInDHG -Rel 18

Solution#11 (to KI#5) specifies a CAPIF
deployment option for:

1. allowing EASs to invoke MEC services, and

2. exposing Service APIs provided by EES or EAS
(as described in KlI#2) to MEC Applications

<

Meetup: Types of Edge Computing — Part 2 — ETSI MEC Deployment Models

Invoking MEC Service

(CAPIE-2)
EAS + APl Invoker
Invoking EAS Service API
(CAPIF-2) API Invoker EAS
Invoking EES Service API
i i CAPIF-2,
Discover EAS Service API Invoking EES Service APl f )
3 & MEC Service
EAS + API Provider (CAPIF-1) (EDGE-3)
EAS Service Service APls CAPIF API BES Service Service API.
APIs g APIs ervice A
- APl exposing function 0 - AP exposing function
AAPI publishing function ; CAPIF H API publishing functi
pubEhine 5 Core Function publishing function
EAS AP function S EES API management function

EES + CAPIF.Provider + API Provider

CCF Inter-connection
——————————————————————— (CAPIF-6) B i Sl

MEC Platform + CAPIF Provider + API Provider

CAPIF APIs @ Service APls

CAPIF APl exposing function

API publishing function

MEP, MEC App APl management function

Core Function

Figure - A deployment option for alignment with ETSI MEC using CAPIF

Ref. 3GPP TR 23.700-98 “Study on Enhanced architecture for enabling Edge Applications; (Release 18)”
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https://www.3gpp.org/DynaReport/23958.htm

1.  Collocated Platforms

* The two platforms (EES and MEP) are co-
located, and made by a single (unique)
equipment, which is compliant with both
standards

= They are seen as two different AFs on a
single Physical/NFV Infrastructure.

MEC

EES Platform

Physical/NFV
Infrastructure

2. Converged Architecture

MEP+EES is able to satisfy all the functionalities of MEP

defined in ETSI| and EES defined in SA6

A uniform APl is defined for the EAS and MEC app, i.e,
EDGE-3 and Mpl are unified into one interface and the
EAS and MEC app will consume the same service from

the MEP+EES.

EDGE-9 and Mp3 are unified into one interface

EDN_1

MEC

EAS
App

ED

MEP+EES fe===

GE-9/ Mp3
cee- MEP+EES

EDN_2

MEC

EAS
App

Physical/NFV Physical/NFV
infrastructure infrastructure
Variant: the two platforms
EES + MEC Platform are co-located which can be
implemented as a single AF
(e.g.realized as one VNF)
Physical/NFV compliant with both
Infrastructure standards
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Physical/NFV
Infrastructure

MEC
Platform

Physical/NFV
Infrastructure

Ref. 3GPP TR 23.700-98 “Study on Enhanced architecture for enabling Edge Applications; (Release 18)”
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Converged Architecture: Evolution Options

/ Svolution Ootion - Anearly stage deployed MEP is enhanced to support the functionality of EES in a later stage

EDN_1 EDN_2

e e ==

Later stage

EAS i , EAS
Svolution Option 12 Enhancement of a deployed EES to support the functionality of MEP
f‘r;ysicallNFV
EAS
| R
ey stae et ees |

Physical/NFV
Infrastructure

\ Later stage - - - -

Ref. 3GPP TR 23.700-98 “Study on Enhanced architecture for enabling Edge Applications; (Release 18)”
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Ongoing Work ( and )

At the Joint Workshop with GSMA OPG and 3GPP (21/01/2022) ETSI
MEC presented the proposed approach for the for a e
joint standardization work on

Management and orchestration
based on ETSI MEC

GSMA OPG asked 3GPP and ETSI MEC to collaborate together,
and to discuss and agree upon the approach to be adopted
to avoid industry fragmentation

Ref. [14] ETSI White paper "MEC federation: deployment considerations”

Moving forward on Telco Edge Cloud ...

» According to GSMA OPG «Federating Eadge and Cloud
domains is key to be successtul This is the major

differential of OF and shall be defined as a prioritys
.  Anyway, also in perspective, they want that «Network
slicing would be a key capability »

Ref. GSMA OPAG joint workshop with ETSIMEC and 3GPP, online meeting, 21/01/2022: https://www.gsma.com/futurenetworks/resources/operator-platform-api-groupwith-3gpp-etsi-workshop-recording/
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Conclusions and Future Directions

MEC can be deployed in 4G networks, given its access-agnostic nature, with many approaches.
1. “bump inthe wire” (BIW) (where the MEC sits on the Slinterface of the 4G system architecture),

2. “distributed 4G-Evolved Packet Core” (d-EPC) (where the MEC data plane sits on the SGi interface),

3. “distributed S/PGW" (d-GW) (where the control plane functions such as the MME and HSS are located at the operator’s core site)

4. “distributed SGW with Local Breakout” (SGW-LBO) where the MEC system and the distributed SGW are co-located at the network’s edge).

The deployment options above which distribute the EPC gateways at the edge, either co-located with
or within the MEC host, can also be built using the CUPS paradigm standardized in 3GPP Release 14
and have the new User Plane built in the MEC host.

MEC deployment in 5G (Rel.15) is seen as an AF (Application Function) in 3GPP architecture.

From Rel.l/ on, MEC deployment is referred to the EDGEAPP architecture defined by SA6
« Further work still is ongoing, to better align MEC and EDGEAPP (e.g. Mpl/EDGE-3, and EAS/MEC app)

Joint collab. between ETSI MEC & 3GPP targeting alignment respectively & onward.

Suggested reading: IEEE ComSoc Technology Blog (Dec 2021): «<ETSI MEC Standard Explained»» (part ], part 2)
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https://techblog.comsoc.org/2021/12/15/multi-access-edge-computing-mec-market-applications-and-technology-part-i/
https://techblog.comsoc.org/2021/12/18/etsi-mec-standard-explained-part-ii/
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