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Cloud Networking — the big picture again

Dynamic/automatic/virtualized hardware
and networking

* NaaS /laaS/ CaaS/ SaaS/ PaaS / NFaaS
* Programmability

<€ Data Center =——>

Interconnectivity

<@ Cloud

SClo_ud ; Ethernet Semi

. ervice I Cloud Carrier(s j Service
Hierarchy of data centers Provider(s) gy el @y Provider(s)
* Mega data centers Cloud Service | E;hem?t\x

* Enterprise-oriented data centers oy rovider to pol c"“’"e’(s)a a

* Distributed data centers e, Cloud> e

e Communication data centers

e Cloud-RAN data centers

* Traditional local exchange
becomes a data center
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Growth in Capacity, Users and Connections

» Annual IP traffic is expected to reach a record
two zettabytes by 2019, growing at a compound
annual rate of 23%.

» The number of Internet users will jump from 39%
of the global population in 2014, to 51% in 2019.

» There are expected to be 24 billion connected devices
by 2019, or just over three connected devices per user.

» 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%
of IP traffic in 2019, while WiFi connections will
account for 53% globally.

Metro-only traffic
(traffic that traverses only
the metro and bypasses
long-haul traffic links)
surpasses long-haul
trafficin 2014, and will
account for 62% of total
IP traffic by 20109.

14 Metro-only traffic
will grow nearly twice as

fast as long-haul traffic
from 2014 to 2019.

Cisco Visual Networking Index 2015



(Optical Trends)

» Optical software revolution — SDN/NFV
* Programmable optical networking

v

Faster adoption of 100G than expected driven by
long haul and DCI

v

Expected rapid adoption to 200G/400G and beyond

200/400G
 More coherent networks

» Broader range of modulation formats

v

New optical networks are being built
* Mobile (Fronthaul/Cloud-RAN)
* DCI networks (cloud operators)

v

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)

Google amazon @ Google




Motivation for SDN — classical network architecture

» Adat sik (Data plane): linksebesség id6skalan
mukodik (gyors)

* csomagok kezelése: tovabbitas, sz(reés,
pufferelés, jelolés, Litemezés, szamlaldk

» Vezérl6 sik (Control plane): lassabb id6skala
(vezérld tzenetek kezelése)
* elosztott algoritmusok

* topologia valtozosok kovetése, utvonalak
szamitasa, tovabbitasi szabalyok beallitasa

» Menedzsment sik (Management plane):
emberi id6skala

e kdzpontositott

* mérések Osszegydjtése és eszkdzok
konfiguracidja
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Szoftver Definialt Hal6zatok (SDN)
Szoftver Definialt Halozatok (SDN)

Logikailag kézpontositott vezérlés

,okos”,
de lassu

APl az adat sik felé
- (pl. OpenFlow)
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SDN komponensek

2. Operacios rendszer
3. J4l definialt nyilt API Bévithetd, lehetdleg nyilt forraskodu

~

Network Operating System

1.Nyilt interfész a hardver felé

Simple Packet
Forwarding

Hardware Simple Packet

Forwarding
Hardware

simple Packet
Forwarding
Hardware

Simple Packet

Forwarding
Hardware

Simple Packet

Forwarding
8| Hardware
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SDN virtualizacio

Network Network Network
Operating Operating Operating
System 1 System 2 System 3

Network
Operating
System 4

Nyilt interfész a hardver fele
1

Viuolizo’rion or “Slicing” Layer

Izolalt “szeletek”

Nyilt interfesz a hardver felé

Simple Packet

Forwarding
Hardware Simple Packet
Forwarding
Simple Packet Hardware

Forwarding

Simple Packet Hardware
Forwarding
Hardware

Simple Packet
Forwarding
Hardware




Halozati funkciok virtualizalasa

» Network Functions Virtualization

— NFV
* haldzati funkcio (pl. gyorsito-
tqrazas, tUZfal) levala,SZt§S a Classical Network Network Functions
célhardver berendezéstol Appliance Approach Virtualisation Approach
* szoftverben megvaldsitott haldzati ; g ;‘B Independent Software Vendors
fu n kC 10 : l\% Session Border ‘ -
* tetsz6leges altalanos szerver rower | Accetorton
architekturan futhat = @ == S
4 “ DPI B Carrier % oot It
» Szolgaltatdi szempontok B cradenar [
e e Tester/QoE
* CapEx/OpEx koltségek o— maror jonnty
csokkentése e |
’ ’ ’ ’7e s i e Generic High Volume Servers
» gyorsabb szolgaltatas létesités sesGosN SR (W N ——
* igazodas a valtozd igényekhez G Router controtier Giﬁ ”] ”°,i.'“,.]
} Fo,ru mOk II ‘ | | : Gén;:ic Hi h:Vo'l’um;;
 ETSINFV

e Open Platform for NFV (OPNFV)
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Tavkozlési felhd

» Virtualizalt tavkozlési funkciok

* csomagkapcsolt maghaldzat (EPC) = ~ N
. II\@S{VOLTE komponensek (CSCF, Hss, Q@] &= ey [ -
St APIls, exposable services and assets, analytics

Productiservice
R ) s

[ Cross-domain orchestration, OSS/BSS

» tartalomszolgaltaté halézat (CDN)
* csomagtartalom vizsgalat (DPI)

EEIEE] |y Cloud

> TteESIItmény Integratednetwork control I I management
+ terheléskiegyenlités, skaldzhatdsag

* virtualis funkciok kozel mozgatasa a
felhasznalasi pontokhoz

* tavkozlési szintl szolgaltatas

* |étesités, monitorozas, helyreallitas,
szamlazas ((tgr)) ~ ™ =5 =,5' =:
etwor —5 [—N =1
* hardveres gyorsitas szikségessége ‘='bata‘f';mer‘="

* haldzati kartya, virtualis kapcsold

» Ericsson: valds-ideji tavkozlési felh6
* SDN, NFV és felh6 kombinacidja

Relocation with
o Preserved identity
«

Consulting, system integration and network rollout
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Dinamikus szolgaltatas lancolas

» Egy Uj szolgaltatas (NS) = VNF-ek 6sszekotése
e Graffal lehet leirni

CP = connection point, VL = Virtual Link

‘NS

VNF2

&

Traffic
flovwes

- -
——— —
i —— —— ——— —
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Changing Service Providers’ Opportunities

{ Web Service Providers J

» Business models are changing

Pressure on 1
- ser-
Ecosystem services

& oo defined » Consolidations in the industry
» Pressure on telecom

Players pressure app &
price
Telco ‘1.0’ pressure
business model

Service enabler,
outsourcing & VAS
pressure

Device

Regulatory & direct

Pressure on inherent competitive pressure

network value

Tttt tttttt

{ Central & Local Govt J

 Different business options
need to be evaluated

Source: Telco 2.0
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Motivation: More traffic stays in the metro

Content closer to the
users — distributed metro
with distributed cloud

» More local services available
» More bandwidth in the metro

Source: Bell Labs Report
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Cable — NGN Remote RF SDN / NFV Controlled Network

» RF modulation
moving out —
becomes
Fronthaul like

» DOCSIS processing
is moving out

» Shorter cable
runs/fiber closer
to the customer

» Fewer users per
segment/more
bandwidth per user

aspP

'Jl» Edge |
"18' Router

Ethemet}

L Node

DOCSIS

’ od il

Ethernet
Node

: T'

Source: Gainspeed

I
-
“Wirtual CCAP” Cable Network A

TO¥IND) QIZITVELNTD

ONISS3)0¥d QILNBIYISIO

rchitecture

» More 10G Ethernet
in the aggregation
network

» Video content
moving out

» Virtualization of
control and
communication
services



Key wireline standardization issues

* Fronthaul — Fronthaul ties CRAN to Antennas, major downstream effects.
o lIsitsliced, 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.
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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 t0o... 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-PacketCoregc, ... MEC + some of RAT

* Better operations/mgmt, more Cloud-Style, auto problem detect/fix etc.
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5G: From hardware to software

HW world SW world
Virtual functions +
Dedicated appliances + virtual links
Dedicated wire/radio on generic server /
storage / network pool

Network
Architecture

Tms 10Gips 1000K = 500« LINP

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

Latency Throughput = Connections Mobility

x J o = =

30~50x 100x 100x 1.9x NFU/SDN

i

30~50ms 100Mbps 350Km/h Inflexible
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Mobile — 5G Technology Requirements

/4
LTE - Core
min 10ms Network

NZ N
N
5-10ms

if in the same country
as the customer

5G service » 1-10 Gbps connections to end points in
sub-1ms the field (i.e. not theoretical maximum)

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

Source: GSMA

» 1000x bandwidth per unit area

» 90% reduction in network energy usage
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Fixed — What if we move the BNG functions to the OLT?

» Move data plane of subscriber
management to a distributed
:"%@ 5 s point in the network

pecsecTe) » Core and metro aggregation

AN
Pl N QO W NERBLLC networks becomes closer

%«o. 4= ) C"'m"“r

S . . .
move : » Multiple connections of
2 — TUThiwe  higher bitrat
N Siphin e ghe ate
A » Flattened aggregation network
o~ Y79 oLT.

v

Meshier metro aggregation

Source: KJIP netwo rk

v

Central office consolidation

v

Virtualizing the services
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UE-Slicing
Horizontal or
Vertical

Antennas Fronthaul

| [+l
4

U=

Example:
5G concept of end to

Antennas Fronthaul

end slice
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- — o .................
Infrastructur | Extension)
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CPU/MEM CPU/MEM




. .
......................... Besssssssssssssssssnssssssnsnnssnnnnnnnnnnnnnnnnnnnnnnnf
.

Platform/
Applications

Slice [ Horizo[ntal Exten%ion ]

UE-Slicing
Horizontal or Infrastructur : | Extension) :
Vertical ses@unnnnnnnnnnnnnnnnnnniannnnnnnnsnnnnnnndunavEEEEEEEEE AR " T T

Vertical

Example: 5G concept of end to end slice

CRAN CRAN RAT Core
Antennas Fronthaul fabric CPU/S/W Numerology CPU/S/W

~ah b
bl

If U isthe set of all resource sets { Antennas, Fronthau

Slice S; is a set of resource subsets taken from resource sets { Ante
{

CRAN CRAN Core
Antennas Fronthaul fabric CPU/MEM CPU/MEM

22|
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Central Office goes Data Center

vCPE
CPE replaced with a simple switch
Functionality that existed on CPE

virtualized and moved into the
Central Office

-‘

Subscriber 1

HEWE
=T | Subscriber 2

vOLT
= Everything but the MCs can be virtualized
= And moved to NFVI running over standard:
=  Fabric Switches
= Storage
= Servers

Control Apps | Config Apps | Mgmi Apps

_____ SDN Control Plane NFV Orch
'r' ONOS XOS + OVX

-

s Spine
Switches

Control
Leaf
Switches

Metro Core
Link

Gpr— Central Office
Source: AT&T
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Cloud RAN

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

—— Office base station

— = Residential base station

Time (h)

! e
S
Ly

A

Fronthaul Backhaul Mobile Core
Network
Access
network




Macro to Micro Data Centers for MobileCloud

Mncro Data Centre Deployments Macro-Data Centre Deployments Dal
Local deployments limited resources e.g. + Centralised deployment with access to cheap
suburban, rural areas. resources (power) e.g. metropolitan areas. Lon gh aul
Waorkloads can call on additional resource +  Workloads can be migrated near to user on
from a macro-data centre or a closely micro- macro-data centre. Uy
data centre. F [ W
w > <
¥ D) X Lo | «
L] 4
u N
il 2 ¥
+ X <VM B} .
w, | DCl networking

| Fronthaul | 2

MC PRygical Infrgaffucture 1

e networking

(Backhaul)
C Physical Infrastrug#ire 2

Source: MCN
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NFaaS (Network Function as a Service)
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Simplified architecture

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

Reduced CapEx

Specialized components are replaced by
common hardware and open source software

Decreased OpEx

Through automation

Flexibility

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

Mobil
_—PGWEDXCODED NLAD cON Gustomers
Residential
—~BNGDcOND CG-NAT@FireWM Customers
Enterprise
/ﬁ\‘/m D wankx D psa Dips i

XOS + OVX + ONOS

24 4

<) . NFaaS$ = Scalable, easy to manage NFV solution @ lower CapEx and

J OpEx and Cloud-wide optimization
=

Source:
ONOS



