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Cloud Networking — the big picture again

Dynamic /automatic /virtualized hardware
and networking

» NaaS / IaaS / CaaS / SaaS / PaaS / NFaaS

» Programmability <— Data Center —>
- Interce
Hierarchy of data centers
Cloud -FS p Ethernet Fgo."‘”‘“ Cloud
» Mega d-ata Ce.nters Service " ClOUd Carrler(s) I Service
» Enterprise-oriented data centers Provider(s) EpS e | Providerts)
» Distributed data centers A
» Communication data centers Cloud Service Coud R
» Cloud-RAN data centers Cloud Customer
» Traditional local exchange V % Consumers

becomes a data center




I  Budapesti Miiszaki és Gazdasagtudomanyi Egyetem Tavkozlési és Médiainformatikai Tanszék /J(
—

Growth in Capacity, Users and Connections

» Annual IP traffic is expected to reach a record ﬁ‘ Metro-only traffic
two zettabytes by 2019, growing at a compound raffic that fraverses
annual rate of 23%. only the mefro and

o bypasses long-haul

» The number of Internet users will jump from 39% traffic links) surpasses
of the global population in 2014, to 51% in 2019. long-haul

» There are expected to be 24 billion connected gggngﬁgth%nng'”
devices by 2019, or just over three connected total
devices per user. P traffic by 2019.

» IP video will make up 80% of all global IP traffic ,,

by 2019, an increase from 67% in 2014.

» Cellular connections will make up more than 14% lEErElily HEe

will grow nearly twice

of IP traffic in 2019, while WiFi connections will as fast as long-haul
account for 53% globally. fraffic from 2014 to
2019.

Cisco Visual Networking Index 2015
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(Optical Trends)
» Optical software revolution — SDN/NFV
» Programmable optical networking
» Faster adoption of 100G than expected driven
by long haul and DCI
» Expected rapid adoption to 200G/400G and
beyond

» More coherent networks 200/400G
» Broader range of modulation formats
» New optical networks are being built @
o
.

» Mobile (Fronthaul/Cloud-RAN)

» DCI networks (cloud operators)
» Changing dynamic in the optical industry

» Web 2.0, mobile...
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Motivation: Why SDN / NFV?

Operating Expenses Time to Revenue Operational Complexity
(Persons per Server) (Number of Configurations)

TELCO:
JThousands
configs

1 per 100 Months
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Halozati funkcidk virtualizalasa
» Network Functions
Virtualization — NFV

halozadi funkcio | ]p
yorsito-tarazas, 10zfal)

evalasztdas a celhordver

Classical Network Network Functions
berf?ndke)zes’rol | 1_ H Appliance Approach Virtualisation Approach
e Szoflrvernen megvalosiio
hOlOZOh funkCI O ﬂ Ej Independent S@am Vendors
« tetsz8leges dltaldnos Mnessage sessionsorder DN e ] e S
szerver architekturdn Router” S m‘;’;'ggm
futhat CDN ot}
- 7o ! | d§ T A
» Szolgaltatol szempontok oo Wl e P
3 rade TEN B
¢ COpEX/OpEX kOH-SGgek 5 Test;r.‘uoE hypervisar hypervisar
csokken’rese Firewall monitor IIETEZH) EeTE)
yorsabb szolgdltatdas . '
eTeSITeS BGéN!GGSH | Generic High Volume Servers
¢ ngZOd(k,]}’S] O VéH-OZé s Ragz;%ﬂmorm Ganaﬁ-:; High Velume Storage
|genye eZ CE Router 9
 Férumok ey &) E)
ETS| NFV CEhermet Buitches
. %) F)el\lnF\IjI)Q’rform for NFV
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Tavkozlési felho

Virtualizdalt tavkozlési funkciok

e csomagkapcsolt maghdldzat
(EPC) el <

* IMS/VOLTE komponensek (CSCF,
HSS, stb.)

« tartalomszolgadltatd hdldzat
(CDN)

e csomagtartalom vizsgalat (DPI)

Teljesitmény

« terheléskiegyenlités,
skalazhatosag

 virtudlis funkciok kézel
mozgatdsa a felhaszndaldasi
pontokhoz

o tAvkdzlési szinty szolgdltatds

* |&tesités, monitorozas,
helyredllitas, szamlazas

* hardveres gyorsitas
szUkségessege

o haldézati kartya, virtudlis
kapcsold
Ericsson: valos-ideju tavkozlesi
felho
e SDN, NFV és felhd kombindaciodja
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APls, exposable services and assets, analytics

)
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Cross-domain orchestration, OSS/BSS

=)

Product/service
= e )

J

Access IP and transport Service
N management M8 management BN m,
and control and control and control

anagement BN o010

Integrated network control

Policy

-

I management

Cloud

reserved identi
VNF PR ty

Virtualization and abstraction

Relocation with

Virtual networking | Ericsson SDN controller OpenDaylight
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Dinamikus szolgaltatas lancolas

» Egy Uj szolgdltatas (NS) = VNF-ek dsszekdtese
« Grdaffallehet leirni

CP = connection point, VL = Virtual Link

VNF2

Traffic ! { 1

flow ’ [ 1

58

fa J S '

‘hh-
-— -
N —— i ————— -

VNFFG2:NFP1
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Motivation: More traffic stays in the metro

Content closer to the
users — distributed metro

» More local services available

. - » More bandwidth in the metro
with distributed cloud

&

Metro/regional '. @
1 National

data centers

N yideo caching

A
etr I

tral e
ntralizel Backbone 2

---------M--*

Il i

8]
B
3 '
feslenfil P Residential,
business and mobile

A3
f
network
£ business and mobile
end-user traffic Internet end-user traffic
forecasts forecasts
Ultra-broadband |
access el
Istribut

Source: Bell Labs Report

Internet
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Cable — NGN Remote RF SDN / NFV Controlled Network

. DATA
» RF modulation  cenrer ,_\_

moving out —
becomes
Fronthaul like

» More 10G Ethernet
in the aggregation
network

Cable Centrol
Plang
HUB

» DOCSIS processing - SubscHBen
is moving out " sl

T0¥INDD QIZTITVELNID

» Video content
1P/ MPLS moving out
» Shorter cable

runs/fiber closer » Virtualization of

OsP 2 control and
to the customer % communication
» Fewer users per Oc IO - Services

segment/more G Wy ;

bandwidth per + 1 + + + 3

user PE A | Ay
il
"Virtual CCAP" Cable Network Architecture

10



Key wireline standardization issues

« Fronthaul — Fronthaul ties CRAN to Antennas, major downstream effects.
o Is itsliced, where, how.

- Backhaul/IDC - latency, jitter, loss at packet layer, flexible data paths

« NFV — concept needs to be made broader. Cover some of DSP and all of
MEC

« MEC - ETSI approach ridged. Any F any CPU + RAT (merge into NFV?)

« Orchestration — does not exist yet. Understand AT&T to build in-house
o Danger of orchestration/mgmt duplication (virtual/physical)

 Softwarization - high level programming model, profiles, scripts, end to end

« OA&M - need “cloud like” approach. Continuous test/repair not just report.

I  Budapesti Miiszaki és Gazdasagtudomanyi Egyetem Tavkozlési és Médiainformatikai Tanszék /J(
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Major Drivers for the 5G wireline architecture

- End to end virtualization — obvious operational savings for “tidal’” effects

« Cloud RAN - opex/capex savings, CoMP, CA, cell edge interference, migration,
performance.

« Mobile Edge Computing — operators low delay advantage over the OTTs.

 Fixed Mobile Convergence — access side also looking for virtualization savings
too... can they be combined?

« Slicing — differences between RAT’s/CORES etc rather than a one size fits all
allows ultra low delay etc. RATS.

« SDN and Orchestration — hard to implement all of above with distributed
protocols and too complex for manual operation.

« NFV - use of general purpose compute as much as possible (but not everywhere)
4G VEPC, 5G-PacketCoreis --- MEC + some of RAT

« Better operations/mgmt, more Cloud-Style, auto problem detect/fix etc.

12
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5G: From hardware to software
HW world SW world

Virtual functions +
virtual links
on generic server /
storage / network pool

Dedicated appliances +
Dedicated wire/radio

Network

Latency = Throughput Connections ~ Mobility Architaftuire

1 ms “mbps 1,000K mmkm/h I.I“P

E2E Per Connections High-speed Ability
Latency Connection Per km? Railway Required

E il a ﬁ'

30~50x 100x 100x 19K NFU/SDN

30~50ms 100Mbps 10K 350Km/h Inflexible

Challenges because many of these requirements are conflicting

13
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N
7

5-10ms
in the same country
as the customer

=N

» 1-10 Gbps connections to end points
in the field (i.e. not theoretical
maximum)

» 1 millisecond end-to-end round trip
delay (latency)

» 1000x bandwidth per unit area

»90% reduction in network energy
usage

5G service

sub-1ms

Source: GSMA

14
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Fixed — What if we move the BNG functions to the OLT?

»Move data plane of
subscriber management to
a distributed point in the
network

»Core and metro
Mmamy aggregation networks
[« o= e®  hacomes closer

etk » Multiple connections of
Ve higher bitrate

» Flattened aggregation

emmjeid  network
wWith 11 o dait

skoplinme 5, Meshier metro
aggregation
network

»Central office
consolidation

»Virtualizing the services

15



Budapesti M(iszaki és Gazdasagtudomanyi Egyetem Téavkozlési és Médiainformatikai Tanszék /J(
—

freeessasereell D RRR s frjeeeeesanernelililf
EGYETEM 1782

Slicing

Platform/
Applications
. 748 Slice Horizontal Extension
\fertical

Infrastructur e
e

UE-Slicing

Horizontal or

Vertical CRAN CRAN RAT Core

Antennas Fronthaul fabric CPU/S/W Numerology CPU/S/W

I

Example:
5G concept of end to

en d S | Ice CRAN CRAN RAT Back Core

Antennas Fronthaul fabric CPU/MEM Numerology Haul CPU/MEM
> 2O
|o & G

Bl 2]

ki

16
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Network Slicing (halozati szeletek)

» \Végso felhasznalok (retail users)
» Slice felhasznaldja = szolgaltatd
» End-user = szolgaltatd felhasznaloja

!
e e e -
e e
----------------- o= g ¥ -
5:_7:--\‘ . " il & "
= ¥ o il 0
lllllllll { i
lllllllll 4 I
......... f .|
o, ErchinTrad ceereruneathon tice N
o e =
Sl o =
e e : / i
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Slicing koncepcio

»  NF — haldzati funkciok
» Virtualizalt eset: NFV
» Egyazon fizikai halozat felett

!"-f f—f
Neotwork Sen;i-ce——-| Network Seruli_rze___l
[+ =
e FraB T
TV it T it

Tenant A |
* I _ TenantB | Control
Control ; Infrastructure

Infrastructure m ‘“ ; : rﬁ‘ /

\Netwurk Slice 1 :H
- s Network Slice2 .~

i
,

Physical Network
Elnfrastructure
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Network Slice 1

Y 4

Network slicing definicio

oy
Point ’
» ITU-T Y.3011

» Halozati szoftverizacio alap @
0 Zc oint
koncepcioja

Network Slice 2

» Logikai izolacio: (logically isolated network partitions -
LINP)

» ETSI NFV

» Funkciokat 6sszekoto graf
» Network Functions (VNF, PNF)

» End-to-end halozati szolgaltatas nyuijtas céljabol
» Specifikus elvarasok és képesseégek

Forras: ETSI NFV
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Virtualizalt telco infrastruktura

» Minden kész van, mi
kell még?

» Menedzsment + NFV
egy kozos
keretrendszerben

» 2 kulon Vlla'g Compute Storage Network

L, Virtualization j§ Virtualization § Virtualization
egyesitese:
» Szolgaltatasok (NFV)

» Infrastruktira (cloud

native)
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ETSI OPNFV - Felho alapu NFV kornyezet

NFV Management

& Orchestration
S S S S S S S S S S S ®® Execution
Reference Points

0Os-Ma == Other

_______ OSS/BSS | Gtchoatiatyr m— Reference Points
i + MainNFV
| Se-Ma | Reference Points

Infrastructure Description

: Service, VNF and | :
o !
Or-Vnfm

EMS 1 EMS 2 EMS 3 ' Vewhin |
: ; - I VUNF
_ _ —— Manager(s)
VNF 1 VNF 2 VNF 3 , 1 owi

Virtual Virtual Virtual
Computing Storage Network

Virtualized
VIRTUALIZATION LAYER IR STHeHIre

Manager(s)

INITIAL
FOCUS
OF OPNFV

Hardware Resources
...... Computing Storage Network
Hardware Hardware Hardware

e sssssssssss s s s s s S EES S E S S S SN S S S ESSESSSSESSSsssssssssssssss sl
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ETSI NFV MANO — a rendszer orkesztracioja
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NS Catalog, VNF Catalog,
NFV Instances, NFVI Resources

Business/Operation
Support System

l—n NFV Orchestrator (NFVO) —_

|
| Or-Vnfm

Element Manager  VeEn-Vnfm | I

(per-VNF)

p— VNF Manager (VNFM)

. _ VeNf-ifnfm
Network Functions N .
_ vnfm-Vi : OrVi |

Virtual Infrastructure Manager
(VIM)

Infrastructure (resources)

NFV-MANO

http://thenewstack.io/opensource-nfv-part-4-opensource-mano/
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ETSI NFV MANO

NFV Orchestrator:

— on-boarding of new Network Service (NS), VNF-FG and VNF Packages
— NS lifecycle management (including instantiation, scale-out/in,
performance measurements, event correlation, termination)

~ global resource management, validation and authorization of NFV/ | i v s

resource requests

. . =  NFY Orchestrator (NFVO)
— policy management for NS instances
|

VNF Manager: | |
— lifecycle management of VNF instances = VNFManager (VNFM)

— overall coordination and adaptation role for configuration and even' _L
reporting between NFVI and the E/NMS |

- Wirtuad |nfrastr uciude Banager
[WiIkA)

Virtualised Infrastructure Manager (VIM):

— controlling and managing the NFVI compute, storage and network
resources, within one operator’s infrastructure sub-domain

— collection and forwarding of performance measurements and events

MFV-MARND
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Cloud RAN

» Goal: optimize BBU utilization between heavily and lightly loaded
base stations

Backhaul \( Mobile Core
Network

Fronthaul

- Office base station = = Residential base station

Access
network

24
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NFaaS (Network Function as a Service)

Simplified architecture

= Specialized middle boxes are replaced
with common hardware i.e. uniform

. Mobil
infrastructure - PowxcopeB A con S
Reduced CapEx

A (F - Residential
» Specialized components are replaced by BNG @CDN@ CG-NAT@FlrewaI e
common hardware and open source Resitentl Cuslomers

software VPN @ WanEx e DSA @ DS Enterprise

Customers

Decreased OpEx
= Through automation
Flexibility

= Through infrastructure virtualization and
the ability to manage functions at the
service level

G , NFaa$ = Scalable, easy to manage NFV solution @ lower CapExa

OpEx and Cloud-wide optimization

E e e e m— — e
@ ONOS
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