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Speaker Introduction

Experience j
2015 — 2018 DESTEHRE
Assistant Manager, Cloud Computing Lab of Chunghwa Telecom e eont o=
2019

Manager, Cloud Computing Lab of Chunghwa Telecom

Specialization
Cloud laaS Network: OpenStack, Kubernetes
Software-Defined Networking (SDN): SDN Controller

Network Function Virtualization (NFV):
Management and Orchestration (MANO), Telco Cloud
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Digital Era Applications Brings Telecom Evolution
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Data transmission
Households coverage
(~100mln in 1950s)
Mobile invented
Proliferation of TV

e =

AT&T

Core telecom
Fixed and mobile

Dedicated
(local/international) lines
Telex, Telefax
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Mobile voice, SMS
Audio-/video conferencing

BROADband

.

Web-hosting

System integration

il

EQUINIX

> E
accenture

a terremark

Unified communications
Mobile Broadband

FMC

Telcos are active in TV

Sarar BT
.
« MZM

E-commerce

singtel T - -
amdocs
ORACLE

SAP

W @

ERICSSON

AWy,

Huawel

DSL to Fiber, SDN
TV is shifted to OTT

prifsl %
®

>
== AT&T
- - I
= BT@ cisco
+ Big Data
+ |Cloud-first
+ loT platform & services
+ Cybersecurity
Managed Mobility Services
KASPERSKY %
SR
m W 1=3:,0/0'0
- ‘ Go gle
TR O ug
Microsoft Azure NTT
sigfox

+ [Virtual CPE
+ ISD-WAN

Era start “Big Bang” Consolidation New players Digital
Classic PSTN telephony & IP-telephony vPBX Virtualization of mobile and eSIM
PBX Fixed BB, MPLS IP-VPN fixed (e.g. Digits) Ultrafast mobile BB (5G)

Ultrafast fixed BB

loT Business Solutions
Real-time big data analytics
& Al

Platform Business Models
Edge computing

Source: BCG Research ,2019




Telco future: Automation & cloud-native

Manage virtualized cloud
ready technologies with

Virtualized network cloud ready technologies

Business
bottleneck of components increase resource including VNF, MANO, and
traditional utilization substantially 5G CUPS etc.

equipment due
jco enormous e
innovations g W v

u u World Class Standards

openstack.

ANSIBLE

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

Orchestration (NFVO for laa$S)

Internetworking across generation & technologies

Cloud Ready

3G 4G 5G NSA

Flex and agile services with
cloud-native technologies
including CI/CD, DevOps and
autonomous networks

=7 CLOUD NATIVE

L. COMPUTING FOUNDATION

©

Orchestration

(NFVO for laaS & CaaS,
Service & Slice Orchestration)

Cloud Native

5G SA
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5G Drives New Opportunities (&

N ;

Global Telco Cloud Revenue Will Grow to US$29.3 Billion by 2025
(with five-year CAGR 27%) --- ABI research 2020

2"d wave

15t wave

MMTC incubation s Y
eMBB takes the lead 7 ﬁ @‘ " l'.lg
E& E Smart Smart
:  Smart Smart Transportation Healthcare

Buildin Grid
& f New B2B blue ocean

; Everything is connected Applications for industry

: B2B applications for verticals scale up
- industry verticals in early

stage

B2C services, high speeds

: and high capacity
¢ )

2020, eMBB dominates (video streaming, AR/VR)

eMBB: Enhanced Mobile Broadband
URLLC: Ultra-reliable and Low Latency Communications
mMTC: Massive Machine Type Communications

2022, scenarios expand, economic value more prominent



https://www.prnewswire.co.uk/news-releases/global-telco-cloud-revenue-will-grow-to-us-29-3-billion-by-2025-884122782.html

... but also challenges: Revenue reduction

GLOBAL TELECOM SERVICES REVENUE

1800 0.9
5
S 1600 \ 0.8
- /
@ 1400 0.7
1200 0.6
1000 0.5
800 0.4 .
Voice revenue &
600 76 0.3
o— : revenue growth
—9 —— S — .
400 — 0.2 keep reducing...
200 0.1
k ~ z
0 0.0
2018 2019 2020 2021 2022 2023
Fixed voice Mobile voice Fixed data
Mobile data & others Pay TV =8—\/oice Revenue

=8—Total growth

Source: 108 NCC National Communication Commission
TTCCCCOOEEGSGSGSGSGSGSGSG


https://www.ncc.gov.tw/chinese/files/20072/4196_44551_200728_1.pdf

4
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... but also challenges: Bid for 5G spectrum auction Q & )

CHT capital expenditure surges up more than 26% --- Taipei Times
Taiwan 5G auction raises $4.6B --- Mobile World Live

Taiwan raises more than TWD 138 billion in 5G spectrum auction --- Telecompaper

Fri, Jan 17, 2020 page12

Chunghwa secures piece of 5G band, eyeing July launch

Ono

Chunghwa Telecom Co (P ZE1E) plans to launch 5G services in July after securing 90-megahertz (MHz) of
the 3.5-gigahertz (GHz) band for NT$45.68 billion (US$1.52 billion) during the prolonged and pricey 5G
spectrum auction, it said yesterday.

In addition to the “golden 5G band” of 3.5MHz, the nation’s biggest telecom also secured 600MHz of the
28GHz band for NT$618 million.



https://www.mobileworldlive.com/asia/asia-news/taiwan-5g-auction-raises-4-6b
https://www.telecompaper.com/news/taiwan-raises-more-than-twd-138-billion-in-5g-spectrum-auction--1322989
https://www.taipeitimes.com/News/biz/archives/2020/01/23/2003729699

. but also challenges:

In competition/collaboration with IT & OTT service provider

Google

* Google Fiber (FTTP)
* Google Fi (MVNO)
* Google Cloud Platform (GCP)
* Google Cloud for telecommunications

B® Microsoft

* Microsoft Azure
* Microsoft Azure for Operators

* Acquisition of telecom solution
companies such as Affirmed Networks

facebook

* Telecom Infra Project (TIP) founding
member

* Open Source Mobile Core Network
Project: Magma

amazon

* Amazon Web Services (AWS)
* Telecom solutions
* Proposed acquisition of Boost Mobile

myVidee
frIOQy T =]
CNTCHPWY

prime video
]

FOX: NETFLIX

* Telco-build OTT: Hami Video, myVideo...
* Others: Catchplay, prime video...
* Collaboration cases: MOD Netflix, FOX+




Market Status b

Private 5G Network Open RAN
o [YIT&: Us$148b 2019 -> US$372b 2025 (CAGR 18.5%) o LUGIIEEEREN - Early Deployments Indicate Open

for visionaries
[€BY15 215 & CSPs Will Increasingly Aim 5G Services RAN is Maturing and Will Have 75% Market Share
at Enterprises by 2030

. ABIFG%_%&LSQ : Private Cellular Networks to Generate Over JRakuten Mobile ETifs Begin Production of Open
USS64 Billion in Equipment Revenues by 2030 RAN 5G Radio Equipment

* Government-driven top-down policies 'works Wi Rakuten Mobile fioRe e VA R
o [&¥¥51 end-to-end solution, [INS1Ed smart factory in phases

Network Slicing Multi-Access Edge Computing

« LIIEREERE: 5G Slicing Will be a US$66 Billion - EESENICERNEREEWEN: 0% of Industrial
Market but First, Telcos Need to Recast Themselves Enterprises will Utilize Edge Computing by 2022,
* Global 5G Network Slicing Market Report 2020-2025: MEC market is estimated to grow from US$64.1m in

Enterprise and Industrial Apps will Lead the Network Slicing 2019 to $7.23b by 2024 at CAGR 157.4%
Market followed by Public Safety

Network Slicing Market o WSS - B BEE team for edge computing and 5G
S S MRS e m o o [@ XELELE KME] tee up 5G mobile edge compute in London
USS$1,284m by 2025 at CAGR5 1.5% - P g P




Global Telco Transformation Status and Trend - )
o . A

Domain 2.0 50% CAPEX/OPEX saved Rakuten 5G 2020

Fixed—-mobile convergence by telco SDN/NFV for B2C, B2B, Fixed- Converge Cisco and RedHat open

cloud to 75% NFV/SDN utilization on mobile & loT convergence infrastructure with NFVI decouple

2020 IDC: 4K - 1K Core Cloud(2), Regional Cloud(2),
Edge Cloud(2.5K~3K)

F 5] &3 s 008 PE)

CHINA TELECOM unicomwpEELE China Mobile

CTNet 2025 CUBENet 2.0 NovoNet 2020
* 80% NFV: viMS for VolLTE, vVEPC & Three-level telco DC (Core, region, NFV: viMS for VoLTE, NB-loT
VvBRAS for loT, edge) with self-build NFVO, VIM Core Cloud (50~100),
* cloudify business platform 2017/18: Product deployment Edge Cloud (1K~3K)
2019/20: Application extension




The Singularity — Telco Cloud

KErr Newman




Telecom Network Telco Challenges &

Evolution Opportunities

Keep Path with Market Status
Megatrend




Telco cloud

Network Softwarization & Cloudification

—EColee1oUt oty eletntet ittt ettt ettt ittt ettty
NFV MANO

NFV & Cloud
Orchestrator

VNF Fast Deploy Cloud Infra
Manager(s) (1aa$ & Paa$)

Virtualized

Nmim :/Lﬂﬂg = l/\
Infrastructure R 1.1 @ ‘ IS éEA@d
Manager(s) el ceoh BIGTERA &/

Network Compute Storage
NFVI Resource Pool

Enterprise HQ D) MEC Edge Cloud (_ Core Cloud ) .
((ﬂ)) Enterprise DC
R

| D
2 X-RAN SDN-based SDN-based
Enterprise — Xhaul Backbone
Branch | uCPE ] Internet




What dose Telco Cloud do

Onboard multi-vendor VNFs
Provide services close to users

a8

Resource allocation

VNFs and CNFs . Q)
(]

URLLC Slice
V2X
(] MMTC Slice

smart meter

Network slicing management
Support innovative services requirement

Cross-site data center management
Support innovative services requirement

[llustration
Private 5G Network W — = : @)
Support enterprise network services _ On-premise Internet VNE CNE APP

(%{)

VNF: Virtualized Network Function

eMBB: Enhanced Mobile Broadband

URLLC: Ultra-reliable and Low Latency Communications
mMTC: Massive Machine Type Communications

i

Enterprise




New Era Telco Cloud DC

Traditional DC

Proprietary vendor

lock-in hardware

On-site maintenance
(slow recovery)

Low
resource utilization

Bad scalability/
agility/flexibility

Wide-use X86
server

N

A

Hardware/Software

decoupling

On-demand
deployment

A

N\

Multi-purpose DC
Remote unified
maintenance

Dynamically allocate
resource

Agilely deployment/
scale/recovery

NS N\




Telco Cloud Key Enablers

Telco Network Private 5G Network




5G Network Softwarization

NFV

vendor lock-in blackbox

o
dm
AN
N
Control '..
Messages / ==
E»\ CSCF HSS || vCU vDU | MME1 MME2
—
\ (52 o0) = (f\\)
57 Programmable S3s.02) (- o5] E
\ switch = (6-50]
X86 compute/storage/network servers

* Decouple network elements from
underlying hardware
* Commoditize Telco specific hardware lllustration

 Programmable data plane O
VNF

* Decouple control plane from data plane
* Commoditize routers and switches
* Programmable control plane




VNF Onboarding & Life Cycle Management

SOW_GoSN/SGSN - Initialize Scale in/out
: . - VNF VNF
) il 1 o]

Delete ] Heal ]

VNF VNF
O
Terminate
VNF

VNF Package & Onboardlng VNF LCM




VNF Accelerate

Intel DPDK ~ SR-IOV ~ PCl-Passthrough ~ Smart NIC * FPGA
VNF with NUMA Resource allocation

Cased: All components are in the same NUMAnode ~ Case2: VMs are running on different node Max. Throughput (no drop condition)
(no flaws go through QPI) (flows go through QPI by CPU) _ g; !@
- cPU2 M  CPU1 CPU2 R T ® 18 Case2
g | & E t 2 16 .
sl | il Ef’”égj < il |2
T 5 127 43.5%
§ E.g OVSwDPEK | gy %ﬂ i (5% | DowN
\ ] 2 | \
i P L HE
O ol :

L1 1 64 72 128 25k 512 768 1024 1280 1500
I | Packet Size (Bytes
[ N":- i f :ﬂ l‘ul

il

[Eth Fart| TJF'W




Open RAN and Promoters

Intelligent RAN

RAN Evolution

{ } { Softwarization & Cloudification }
4G EPC 5G NGC
TELECOM INFRA J-RA N POLICY COALITION

eNodeB gNodeB PROJECT e

UP functions

_ Central
L3 functions Ui Start from 2016 Feb 2018 Feb 2020 May
L2 Non-RT functions (CU) Promote RAN policies and

NG TTACL RIS Open and Intelligent RAN signal government support

L2 Near RT functions S igi i
: Distributed Vision Gl softwla1artef::1mun|versal with standards for open and interoperable
L1 functions Unit P solutions
UP functions (DU)
Noted Facebook. Intel Deutsche AT&T, CMCC, DT, NTT Google, Qualcomm,
L1 functions Members ! ! i DOCOMO, Orange, Nokia, Facebook, Cisco, Samsung,
including Telekom (DT), SKT, Nokia, etc i
vendors Ericsson, etc Rakuten, etc
Radio and L1 functions
Taiwan CHT, Quanta, Sercomm  CHT, ITRI, Sercomm, QCT QcT

Participants

UP: User Plane
rOSOSTSTSTSS ' aSaSTSTSTSs



Open RAN to O-RAN

RAN Evolution

n
4G EPC 5G NGC -

Non-RT RIC Al/ML model
training
eNodeB gNodeB /'l
UP functions Central Intellectualized Near RT-RIC } Data collection
L3 functions . & adoptions
Unit / I
L2 Non-RT functions (Cu) cuUf ti
, Open source O-CU Hnetons
L2 Near RT functions B P In VNF/CNF
L1 functions Unit / |

UP functions (DU) Open interface

|
Open hardware

RT: Real Time 0-CU/O-DU/O-RU:  Al: Artificial Intelligence
RIC: RAN Intelligent Controller O-RAN CU/DU/RU  ML: Machine Learning

L1 functions

Radio and L1 functions




Network Slicing

Creating multiple virtual networks with certain SLA (Service Level Agreement)
Latency, throughput, and etc.

Through the same physical links to fulfill business requirements

10 Mbps for B8 eMBB Slice

Isolated (
Independent 100 kbps & 2ms for % URLLC Slice
Customized —
10 kbps for g° mMTC Slice
RAN Slice Backhaul Slice Edge Slice Transport Slice Core Slice

(0)

5G RAN 5G Backhaul Edge CIoud Transport 5G Core
Domain Domain Domain Domain Domain




Multi-Access Edge Computing (MEC)

D

Augmented Reality

i~

Cyber Physical Systems

@

)

automated guided vehicle

4 APP )
VR 360 robotic arm Smart factory IPS
|0| A N
L Ag
Application @ mls 0
Service d —
= ' | T
\_ Platform ' J
4 MEC )
Ke Local Internet Enterprise
Y break out Permission  on demand
technology
x86 Server (™5 QCT (Eurencre PEGATRON
CQOTS )
Hardware SDN Switch lEEEHE..EWER!
\ Bypass Switch ~ Fiberlogic /
(cq) Core
A Cloud

Low latency
Provide services close to users

Improve Reliability/Stability

Faster fault discovery & recovery

High Bandwidth

Support innovative services requirement

High Security

Process and unload data near users

Locally Customized
Support best-fit applications

Cross-domain Alliance
Domestic/foreign, software/hardware

W

Internet

Public
Data Center




Management and Orchestration Evolution

= B mw O K

Siloed Static Scheduled Manual

NFV & Cloud

VNF

P Y
. < » @
> & 08

(0X2

»_

9

Virtualized

Infrastructure

T End-to-End Dynamic On-Demand Automated




MANO Paradigm on Network Slicing

Use MANO or E2E Service Orchestrator (SO) along with Al/ML tools to create
virtual networks for business requirements

QOS requirements Functions, Protocols
= o > Data
MANO/E2E SO (@ Service

| I T |

. F ,E‘-‘I

isolated (/ _ B2 BB Slice
Independent / 7232 URLLC Slice
Customized (/ mMTC Slice [
T v |
RAN SI|ce Backhaul Slice Edge Slice Transport Slice Core Slice

(0)
5G RAN 5G Backhaul Edge CIoud Transport 5G Core
Domain Domain Domain Domain Domain

Al: Artificial Intelligence
ML: Machine Learning




ETSI NFV MANO framework for Telco cloud mangement Q i

= 4
\;’
| NFV MANO |
------ 0SS / BSS oy NFV Orchestrator L . )
: , : . A group of Management and Orchestration
I 1 .l e .
| | K A—l systems for NFVI resources
: _E_ Or-Vnfm || ||
: 1 VNFM }
i EM
: : _| Ve-Vnfm-em | VNF
—+ L % '
: : J Ve-Vnfm-vnf \I Manager
1 VNF L
3 I\-’an
1 . vt | * VNF life cycle management
: NFV infrastructure (NFVI) \ * Onboard, create, instantiate, scale, heal, terminate, delete
VIM * FCAPS management
} (Fault, Configuration, Accounting, Performance, Security)
) Virtualised ’
- e 4; | Infrastructure i * Management system of virtualized resources in NFVI
Hardware Resources N Manager \ * Collect NFVI fault events and monitor data
Open Interfaces E openstack. kubernetes
\ J




Deployment Strategies

NFVO NFVO NFVO NFVO
NFVO/G-VNFM
VNFM VNEM VNFM VNFM

Full stack from single vendor Layer 2 decouple Layer 3 decouple Full decouple
(Non-decoupled) (separate SW & HW) (Virtualized layer separate) (Unified orchestration)

Vendor expectation Telcos expectation

Technology evolution




DevOps with MANO

Agile
ETSI__ )\ —
.. 2
==« APl Specifications Conformance ,o‘ cope “\ ’%

O?D
MANO components provide
northbound/southbound
APIs without exclusivity

% PLAN
BUILD V“ 'o R v
L4 ]
$ DEVELOPMENT TEAM ¢/ R

\@g =-=/

e DevOps

Continuous Integration (Cl)

= o®
(=1
Developer Test

environment

{QVNF Validation
* Create test cases corresponding
to the VNF
' Infrastructure Validation

* Test bare metal capability on
compute, storage & network
* Ensure VIM meets ETSI IFA 005/006

Quality Assurance (QA)

E%E VNF LCM Validation
LCM validation on both
the credible & self-build
MANO system to ensure
VNF deployment

Continuous Delivery (CD)

(g
=S
Validation Operator
site site

LCM: Lifecycle Management




Evolving from VNF to CNF

Preparing for future network components implemented in Container

Network Function (CNF)
E.g. 5G standalone (SA) network components

VNFs

Orchestrator

OpenStack

Specific

Bare Metal

Cloud

Source: CNCF CNF Testbed (modified)

VNFs

OpenStack

Bare Metal

________________________
CNFs Orchestrator CNFs 0SS/ VNFs Orche-
: BSS || Kubevirt/virtlet|| Strator
Kubernetes i
3 Kubernetes
Any Cloud A Bare Metal || AnyCloud




NFV management and Orchestration

____________ 0SS/BSS } NFV Orchestrator =
EM - : : :
‘ ‘ ‘ ‘ NFCI
-+
CNFFG | CNF 2 -+

| CNF Manager

I

-
~a -
S~ -
~ -

Cloud
. Infrastructure

Manager
(CIm)

NFCI

CNFFG: Cloud Network Function Forwarding Graph
CNFMS: Cloud Network Function Micro Service
NFCI: Network Function Cloud Infrastructure Source: Bridging the Gap Between ETSI-NFV and Cloud Native Architecture



https://www.nctatechnicalpapers.com/Paper/2017/2017-bridging-the-gap-between-etsi-nfv-and-cloud-native-architecture/download

Openness

Eml//q\ J'RA N

W ¥ AL L1 aAnNCGE

} ] £ MULTUS

OvS : flannel

Open vSwitch citig,
@ D__ P D K docker kubernetes

£ openstack. @ ceph A sTARLINGX




Summary




Summary

Telco challenges
Significant revenue reduction from voice business
High bid for Taiwan 5G spectrum auction
Telecom vendors’ reluctance to openness
Public Cloud & OTT providers’ business extension to 5G services

Telco Cloud opportunities

Open RAN, private 5G network
MANO for VNF & CNF

Cost reduction: Free from system license fee

Master key technologies: Conducive to bridging telco-own systems, launch
new services agilely
Support applications of vertical industries in private 5G network

Uniform platform: Reduce development and maintenance complexity

OTT: Over-The-Top
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