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* Intro to network convergence
* What, why, how?

* Multi-dimensional convergence
* Service/space dimension
* Central Office Re-architected as a Data Centre (or Cloud CO)

e Access network virtualization activities
e Our work on OLT virtualization: theory and experiments

* Networking dimension
e Multi-tenancy in Cloud CO
e Our work on sharing incentives

* Ownership dimension
* Fixed/mobile, access/metro, network/DC convergence

e Our work on variable fronthaul: experiment and theory
* Integration of data centre/ cloud into fully converged network view

e \/ision
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What is convergence?

This is what Google thinks about it:

MOBILE I INTERNET
s Multi-Layer
@ % / Convergence m ‘90%

FIXE

. S

Ethernet L2:Data Link 40
L1 :Physical

Telco heads perspective:
triple/quadruple play and

voice/data (also Wikipedia)

SONET/SDH

X

IP heads perspective: convergence of
distributed protocols

Telco vendors perspective: packet-optical
convergence

CONNECT ;



PRIVl TRINITY
% M COLLEGE

& ot
ér“té

DUBLIN

* Our research community (e.g., conferences... up to standardisation)

User le‘o ?xgi%:s? 'V;:%" Cabinet co Main CO Core CO
e
i : pac g it Y g XOS (Service Orchestration)
P S
.TG . i LER
5G BU i m
el
erre =
Reiigs‘::;w & Power Splitter (PS)
FTTH /o / NG-PON2 PtP WDM ONU
NG-PON2 TWDM ONU
Buslne?{: .
_ , Convergence of networking
Convergence of fixed and mobile Convergence of access and metro functionalities and services into
networks
networks Data centre (e.g., NFV)

~ * ..please tell me more
CONNECT




* Look back at all definitions:

=l =

£ i
é‘..\‘g

* It’s about making one network or system do multiple things...

e ...without loss in performance!

e Save capital costs:
 use less infrastructure (more efficiently)

e Save operational costs :
* number of personnel with different skills,
* training involved
e cross-domain experts,...

CONNECT

Converged Wired / Wireless Access —
Benefits — Overview

Scale with
distributed wired
and wireless
data plane

Single Network wide Consistent Maximum
platform for visibility for security and resiliency with
wired and faster Quality of Service fast stateful

W= ESS troubleshooting control recovery

n 108 ne Wire

Unified Access - One Policy | One Management | One Network

PV TRINITY
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Enhanced Mobile Broadband ICapacity Enhancement

Gigabytes in a second

3D Video - 4K screens

e We have all seen this:

Work & play in the cloud
Smart city cameras
Augmented reality

Voice

Sensor NW/ o :
/00D @

Massive loT Low Latency
I Massive Connectivity I Ultra-high reliability & Low Latency

Industrial & vehicular automation
Mission critical broadband

Self Driving Car

e Of course Enhanced mobile broadband is where we see the capacity
challenge coming from...

(Source: ETRI graphic, from ITU-R IMT 2020 requirements)

... but the low latency and ultra reliability is the real challenge especially at
intersection with mobile broadband

e ...indeed it is recognised by NGMN as the part that can generate new
revenue for the network

] NGMN Alliance White Paper, 5G Prospects. Key Capabilities to Unlock Digital Opportunities. July 2016, available at:
C 0 : I : E CT https://www.ngmn.org/uploads/media/160701 NGMN BPG Capabilities Whitepaper v1 1.pdf 6
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* Think real-time high capacity...

CONNECT
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Peak data User experienced
rate (Gbit/s) \/—\/ data rate (Mbit/s) 5G#4G + 1G
20

eMBB

______
~
-

IMT-advanced 5G = conve rgence

Area traffic” ™~ Spectrum
R xtimes) 5G is the full integration of end-
user applications and network,
and the network is a seamless
Energy iy Mobilty (kms) convergence of different
URLLC communications technologies,

mMTC

Connection density
(devices/km?)

Latency (ms)

IMT-2020 = eMBB + mMTC + uRLLC

Source: IMT Vision - Framework and overall objectives
of the future development of IMT for 2020 and beyond

CONNECT

fixed and wireless!

Even ITU has realized that!

ITU’s secretary-general, Houlin Zhao,: “Air interfaces and radio access networks are
progressing rapidly, but there is a need to devote more attention to the networking
aspects of IMT-2020. Wireline communications will transform significantly in support of
IMT-2020, and the coordination of ITU’s standardization and radiocommunication arms
will ensure that the wireline and wireless elements of future networks develop in unison.”
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* What is it about?
* Capacity:
* Obviously more, but the key work is end-to-end availability/reliability
» Reconfigurable for cost-efficiency (e.g., make strong use of statistical multiplexing)

* Low latency, low jitter
* End-to-end availability/reliability is even more obvious here!

e [tis an immense task:

* We barely managed convergence before 5G when the KPI were much more relaxed

* We really only managed to put voice and data together... ...and even then not so much (think
how many time skype, conf call system provide unsatisfactory service, but even see VoLTE)

* Now we want convergence with many more applications and much more restrictive
parameters

CONNECT
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Multi-tech mobile cells
LTE, WiFi, M2M, LiFi,...

* Capacity: \Q\A“
* dense wireless access AN Y A

point deployment si: 100\ 7 ‘
e Performance: heterogeneous uF ot uauhome

ome: (o] T Spot - protectlon
data storage/processing rome e B % \\ e

Edge processing: 1G to 100G

Large business: 400G

Metro-Area Node | ____s
Full protection

\/‘

| Metro-Area Node .-~

4G: 10 to

locations ey
. ape / s |
* Reliability and cost- \
effectiveness: dynamic end- Home: 10M toZOOM ' .SmC;tyApp Sl:::)tt m: 0 to 5 Tb/s

il

to-end resource orchestration

1”*

M2M, IoT *

Sensor,
etc...

Large DC: 10-50 Tb/s

CONNECT 10
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5@G vision: Multi-dimensional convergence @ ou
N FV/CORD ‘ L wm Ca

M. Ruffini, Metro-Access Network Convergence, Proc. of Optical Fibre

Communications conference (OFC), March 2016, invited tutorial Th4B.1 N etWO rkl ng d Imension

M. Ruffini, Multi-Dimensional Convergence in Future 5G Networks.
IEEE/OSA Journal of Lightwave technology, Vol. 35, No. 3, March 2017

p-poi
B i
:

570 oint((((((”))))))

11

DataCentre
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5G vision: Multi-dimensional convergence

NFV/CORD

| Leaf-Spine ==
I Fabric - - 7—

12



Residential-CORD
Central Office Re-architected as a Data Centre

o |
vRouter Features
‘ SDN Control Plane- ONOS I NFVI Orch- XOS

Broadband
Network Ethernet
Gateway Aggregation

Spine
Switches

Leaf
Switches

Access %
Link

Commodity Hardware

Source: http://opencord.org/

CONNECT
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Traditional Architecture

BBU/EPC
MME PCIRF Control Application BBU MME SGW-C PCRF
! Control Platform
: l(‘éeé,\\ ’,r’/”lll I|‘ \\‘\\
! : o il Disalggrelgated h N
! (« ) Virtualized _~ Y Sl
Agé BBU GW (SGW-U) ™~ -,
" Internet L’ Disaggregated
sGi o Remote L N SGW-U — GW (PGW-U) Internet
eNB emote . .. ) Virtualized ) — - o
radio unit éé BBU o g
B -~~~ Control Signal (RRU) SGEIfd —
RU/DU integrated Control /data plane Virtualized BBU Control /data plane
/ GENBSg Integrated EPC User Traffic e Disaggrégate EPC
with proprietary boxes & solutions with commodity H/W & open source/open API

|

Resource Scheduling, MVNO, ...

| Mobile Services: Analytics, SON, Radio

[

\/\]

KI .gl Front-haul ‘ OpenStack El ntra Centralized

RS d s

P bl —

Source: http://opencord.org/ 14
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nterprise-CORD

E-CORD in Metro

Enterprise
Regional Office

s S
Firewall -
T N -

Public Cloud

Current State of the Art

Branch
Office

Very hard to spawn VNFs,
enterprises use OTT instead

Expensive and vertically
integrated equipment

Enterprise HQ

Enterprise Central Office
regional HQ

Service provisioning
takes weeks to months

Enterprise
HQ Regional Office

o &

Virtual Network
On-Demand

Customer Control Enterprise WAN Services

Access CORD Controller (XOS) Metro

Central

. A H H i
Leaf-Spine p N~ —— s(( 7/ | Metro Network Office
- - H H

< i

— g

Fabric

ps = - & > S g i

£ e — 7 B Central ROADM ROADM

White Box White Box White Box White Box White Box White Box H Office e
i H entra §

White Box White Box White Box e D T

I

c 0 m E CT Source: http://opencord.org/ 15
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New: Open Disaggregated Transport Network

Multi-layer SDN Control of Packet and Optical Networks for an Agile, Efficient WAN

BW Calendaring

SDN-IP Logically Centralized Control
VPLS — R e R 1. Optimize resource usage
f;\;g:’ Ethernet 2.0 ONOS 2. Dynamic traffic provisioning

3. Multi-layer resiliency

Open Network Operating System )

PR 128,101 223 J 10. 128 101 22¢ ) 10.128.101.225 ONOS Summary
10.128.101.225
= ts w»e J lSwm:'s ve # Switches: 31 Devices 86

Links 308
Hosts : 0
Topology SCCs : 1

Packet Network ¥ - - 0
IP [ Rt Tromae
MPLS Bn -
VLAN ® s T Disaggregated Transport Network
®
1. Reduces CAPEX & OPEX
[ —— e 2. Eliminates vendor lock-in
Optical Network /O‘;\__ ‘ By e e 3 Allows rightsizing and Source:
OTN / #A,,_;;;e-‘q_,e/", e o-//og.,-og—;.?éé ',%é%gi’&o’ ’ 9 9 https://www.opennetworking.org
WDM W 1. e T = piece-wise upgrades
Fiber switching J %8 3 e > _g———=G1 7;9”
O ee——So— —0ie

CONNECT W 1



Activities in network virtualisation

e Standardisation of the Cloud Central Office Concept (BroadBand Forum)
e Although it’s really when you see the design associated with a software implementation
that this starts making more sense...

__________

CONNECT

Svcs

-0OPINFV System Integration & Test Automation

rol

Management & Cont

Infrastructure

Application Layer / App Server

Network Data Analytics

Orchestration, Management, Policy

Cloud & Virtual Management

Network Control

|10 Abstraction & Data Path

Products, Services, & Workloads

- -

i somce 11 |
| Oiiis 14 A v 4]

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

[QOUDFQUNDRY] Standards

| S
- trferum
ecd
30 4)&
15 aTw
iz
F Ul NIST

B

(os 2 ==

_______

......

EEE
802

x@ @ OIF =5
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Virtual Slices

VNO

Office Building
0
_Ce_r.ltra_ll Office ., . — AZ_. . ONU —s\‘*f
< ONU — .

~ L]

~\~ \

Residential Building

IIIIIIIIIIIIIIII'III

5
e.g. OpenCORD architecture

Virtual

/

ONU —‘@

Amr Elrasad and Marco Ruffini, Frame Level Sharing for DBA Virtualization in Multi-Tenant PONs.

T
C 0 B l § E C I Proc. Of Optical Networks Design and Modeling (ONDM), May 2017
a a
a

Amr Elrasad, Nima Afraz, and Marco Ruffini, Virtual Dynamic Bandwidth Allocation Enabling True 18
PON Multi-Tenancy. Proc. of Optical Fibre Communications conference (OFC), March 2017
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Virtual BMap

CONNECT

Virtual BMap

Virtual PYH-layer interactions

’;; Trinity College
(W@ The University of Dublin

VNOm VNOM

Virtual BM

aring Epgine

DBRuU

litter

ONU/"]

PHY BMap

ONU:2

ONUN
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vOLT performance: comparison to previous work
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Frank Slyne, Amr Elrasad, Christian Blumm and Marco Ruffini, Demonstration of Real Time VNF Implementation of OLT
with Virtual DBA for Sliceable Multi-Tenant PONs. Accepted for OFC 2018 SDN/NFV demo session D B R U

TCONT#13 \i\xed
\
Assb\red
\

’
¢ TCONT#23 Best Effor

DBRU
Emulation
Server

gement
terminal

BWMap

Generator

s= \C709

ONU2 |

Physical PON

DBRU BWMap

mn) <=

OPNFV

PEFS TRINITY
COLLEGE
Orchestration and Management (MANO) >UBLIN

Virtual Network Functions

VNO3
vOLT
VvIOBA

Compute g
Virtualisation Virtualisation
Control Control

OpenStack
KVM CEPH

\Ne w Hrrk
Virtualis ation

Meigine

| gine

Ccnt ol

O110S

Data Plane Acceleratio

DPDK

A

Foreground traffic

Return traffic

iR

Data Plane
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5G vision: Multi- dlmen5|onal convergence

Commodity Servers, Storage, Switches, and |,

Service/Space
dimension

22
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Multi-tenancy aspect

An open access SDN-driven architecture enabling
TQ multi-operator and multi-service convergence in
shared optical access networks

vodafone a

BT@

é
b ‘_/ 'vodtﬁgne

vodafone

é

vodafone

Infrastructure

owner

_ 78

N
lll_l'f‘ Allow virtual service provider to
have full control in access capacity
J : allocation.
ke - g P
%‘EHAR!: M | & Enable coexistent of multiple
www.oshare.ie |' .. . .
_ . services, from best effort to strict-
CO N\. ECT vodd{one QOS


http://www.oshare.ie/
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Multi-tenancy aspect

[y A\
vodd{one BT !

Control plane= XOS + ONOS + OpenStack Cloud Central Office

PON
OLT

MACs

Push virtualisatio
give SPs the illusi

l' Amr Elrasad, Nima Afraz, and Marco Ruffini, Virtual

+ Dynamic Bandwidth Allocation Enabling True PON
{ Multi-Tenancy. OFC, March 2017.

Current model O’SHARE m0d€| | Merg;ngEngine |

Splitter

o y ‘J on
u vodafone. BTQ
OLT t J OLT vOLTk

Amr Elrasad and Marco Ruffini, Frame Level
Ve ~ Sharing for DBA Virtualization inMulti-Tenant

PONs. ONDM, May 2017.
OLT PHY

ONU oxt Sliter Contributing to BBF
CO\I\:ECT B /\ standardisation forum

\/ ) €

|ONUN- ONU

L A A

\
/

/
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Our work: Sharing incentives & usuis
* Why would a VNO Share VNO1 VNO2  VNO3  VNO4
f,’{ﬁ‘;ﬁsvb,j‘gg Y\fl‘ﬁtew g‘b v om0
g{;vnndhysg.::{?gnmg it to its sky % . :

Control Plane

* VNOs can give economic Merging Engine
advantage to competitors:

e other VNOs gain economic
benefit by under-provisioning
their capacity (=lower cost)
and taking advantage of
unused capacity

CONNECT
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InP (Auctioneer) u jf 0=
VNO: i Excess onu T AT g
VNO, m . Excess Merging OLT ONU
VNO3 —_ e Auction B (3
— — Final Bandwidth Map ONU Im =
Maat —— | — —_ i

Desired auctions features

From an economist’s point of view From engineering point of view

Truthfulness (Strategy-proofness) Minimum communication between sellers,
Traders cannot manipulate the market by buyers, and infrastructure providers
reporting untruthful values

Individual Rationality

. .. . . Nima Afraz, Amr Elrasad, Marco Ruffini, DBA Capacity Auctions to Enhance Resource Sharing across Virtual Network Operators
Traders W|” not regret pa rtICIpatlng N the in Multi-Tenant PONs, Accepted for OFC 2018.

. Nima Afraz, Amr Elrasad, Hamed Ahmadi and Marco Ruffini, Inter-Operator Dynamic Capacity Sharing for Multi-Tenant
a U Ct I O n Virtualized PON. 28th International Symposium on Personal, Indoor and Mobile Radio Communication, PIMRC, Oct. 2017

CONNECT



Balanced load

100 f )

i
o 80t
o r—{
+~
2y}
N 60}
= q —o— Upper-Bound
) ECO-Robust

40 1 —o0— Non-Sharing

1 1.5 2 2.5 3
Load
30
No. trades per VNO
——o— InP’s Utility

b 20 | —— Aerage VNO Utility
=
+~
= 10 |

OL—eo—9 o o o—3&

C( Load

100 F
g sof -
i )
Ay
= ) ——o0— Upper-Bound
ECO-Robust
D 40 ) —o— Non-Sharing | |
1 1.5 2 2.9 3
Load
150
No. trades per VNO
—o— InP’s Utility )
> 100+ | —— Aerage VNO Utility
iy
E
= 50} +
0 L
0 1 2 3

Unbalanced load
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* Upper bound: the
items from the
cheapest sellers are
sold to the highest
offers for the reported
values (i.e., perfect
market with
assumption of
truthfulness - not
economic-robust);
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5G vision: Multi-dimensional convergence

Shared Apartment/Home
Opefator 1
,/
Operator 1 |~
ODF
Viz
Operator 2 &

NFV/CO‘RD

Networking dimension

omt<<<<<<n>>>>>> -
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Why fixed/mobile/DC convergence?

Service delivery to end users i
Data storage and app processing

Bridge the gap

Provide cost-effective
connectivity of dense
end points

Provide high-performance:
flexible high-capacity
routing (cloud on demand)

End-to-end reliability, repeatability (haptic feedback, front/X-hauling)

CONNECT 29
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Our Work: Fixed-mobile LTE-PON convergence
demonstration: dynamic fronthaul over PON

Fronthaul rate is fixed, independently of mobile user requirements
However if we dynamically change the wireless bandwidth we can change
the sampling frequency
=» Fronthaul rate can be made dependent on actual usage

S
S

Background Link e / “
Payload Source Background Link
¢ _C(D_.¢ Payload Sink
/ Swntch 2% ONU

" XGEM
XGEM

LTE Link BBU USRP USRP  LTELink
Payload Source :

W ' SDN Controller RRH (eNodeB) (UE) Pasy‘loka d

< Backhau/----x ---------------------------------------------- Fronthaul--------------ssseeseeeceeccesceccecece.. > n

Events: Controller instructs BBU to alter I/Qrate
' ) ) ) . > 1G Ethernet
. Asynchronous change in foreground traffic demand Controller alters committed data rate in the switch 10G Ethernet
C 0 m E Synchronous reporting of application bit rate UE resyncs e Fibre
Networks the Fut



Data Rate [Mbps]
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1000 .
90% Link
900 Load App OAsynchronous change
r in foreground traffic
800 ‘
~_ Measured demand
700 Background BBU
600 Traffic Controllerinstructs
500 Measured UE BBU to alter 1/Q rate
400 LTE Traffic Synchronous | —UETeniE
300 Openflow| reporting of Controller alters
Switch application committed data rate in
200 ,
bit rate the switch
100
Controller
0
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
Time [s] Oms 125ms 250ms 375ms 500ms 625ms 750ms
Measured fronthaul vs. best effort traffic Time diagram of switching events
Wireless PRB Fronthaul Max Cell
Bandwidth Number Rate Capacity
1 4 MHZ 6 61 Mbps 1 8 Mbps Pedro Alvarez, Frank Slyne, Christian Bluemm, Johann M. Marquez-Barja, Luiz A. DaSilva, Marco Ruffini,
' : Experimental Demonstration of SDN-controlled Variable-rate Fronthaul for Converged LTE-over-PON.
3 MHz 15 121 Mbps 4.584 Mbps Accepted for OFC 2018
5 MHz 25 182 Mbps 7.736 Mbps
10 MHz 50 364 Mbps  15.264 Mbps
15 MHz 75 485 Mbps  22.92 Mbps
20 MHz 100 730 Mbps  30.576 Mbps
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Terminal 3 ®(119) @) 1257 & e % nun @ ®en o 27 &

020 pedrogpedro-small: ~
1 3080

Number of PRB: 6
- Modulation type 160aM
Transport block stze

: 1800 Client connecting to 127.0.6.1, U t 2000 .
Type new PRB index and press Enter: Bytes: 123060, R H ending 3006 byte datagrams
Jseconds 1 UoP buffer size: 208 KByte (defaul
| rarric

PDSCH - Equalized Symbols

Channel Response - Magnitude Sample Rate

.
}
[sTATSQ 1495627625.325119 apprate=0.98 3] local 127.0.6.1 port 46194 connected with 127.0.0.1 port 2000 9 : k2
126000, Rate:1.61, Seconds: 1 uSeconds 1 Transfer Bandwidth i i | 8 Frequency 000
7 5.30 s 740 Kbits/sec 23 20 3 F20
27026325120 apprate=1.01 3] sent 2561 datagrans | i I
, Rate:1,00, Seconds: 1 uSeconds 7768 3] WARNING: did not refletvega m ' B 1 n 1 ] I
Upalvarezgun2:~/srsFUT/scr =l [t A el ) oo e , 103 Lo
STATSQ 1495627027.332820 apprates1.06 1 3000 £ i I
126000, Rate:1.00, Seconds: 1 uSeconds 8028 oo eeeenes oo - 2 . f
: Client connecting to 127.0.0.1, UOP port 2000 o] L Fo
[STATSQ 1495627028.340848 apprate=1.60 Sending 3600 byte datagrams | 3 1 - 3 I
126000, Rate:1.00, Seconds: 1 useconds 8812 UDP buffer size: 208 KByte (default) 3 ] 3 I
. o.] > 3 |
.00 ‘ 3] local 127.0.0.1 port 32808 connected with 127.6.8.1 port 2000 3 ;
2] k20
1 I
[t ines tanp=1495626977.649552, msg=STATSQ 1495626977.649148 apprate=1.08 cell 10 ° ] I
e nseathrh coros, eecTATEY JeOteatary. Coriss torhrent ee St eors : ; 3 Fo
nestonp. TATSQ 1495406979.665175 fbpfhte=1.00 43 Normal i : I
31120 msg. S s g ot ! - 6 3 i |
sl SOYTYEEO) VL on Lasgth | Boeomt . ‘ “ i b
tinestanp=1495627023.32496 oo :clo 198G & trb: PHICH Resources: 1/6 AR N AL R L R R 2 o 20 4 s 8 100 120
o15 SFN 2 r
timestanp=1495627023.375091, msg=NetEvent 1495627023.374256 CIR_120Mbps_Co Decoded MIB. SFN: 32, offset: 1 e — ——
plete CFO: +0.64 kiz, SNR: 28.6 dB, POCCH-Miss: 45.83%, POSCH-BLER: 5.86%
.325526, msg=STATSQ 1495627024.325118 apprate=1.37 Trylng to decode MIB . »
-326623, msg=channel:enodebl 1495627624.325803 setprb: Trylng to decode MIB 1, 1 ‘ POCCH S Equaltzed Symbols ESS Croas-COorT aha Valus S
oos cell [ ]

& ©
tinestanp=1495627024.353853, msg=NetEvent 1495627024.353110 CIR_86Mbps. Nof ports: 1 i t € "8 3 40 0Ov=
plete 3 Normal 3
tinestanp=1495627025.325495, msg=STATSQ 1495627625.325119 apprate=0. 6 9 ] !
tinestanp=1495627026. 325489 TATSQ 1495627626.325120 apprates1. PHICH Length:  Normal o8 rS -

[t inestanp=1495627027.333162, msg=STATSQ 1495627027.332820 apprate=1. PHICH Resources: 1/6 2
tinestanp=1495627028.341191, msgeSTATSQ 1495627028.340848 apprates1 SFN 2
t {mestanp=1495627029.349224, msgeSTATSQ 1495627029.348860 apprates1.08 ‘[Df(oded MIB. SFN: 32, offset: 2

Quadrature

First we transmit a small
amount of traffic
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* Key goal is to re-instate the statistical multiplexing of base stations
=>» cells linked to a fronthaul aggregator (Ethernet switch or PON network)
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» Seamless connectivity of data centres in the access/metro convergence
* DCs have already moved to the metro to reduce latency and core traffic
* As COs turn into virtual/cloud Cos, we’ll see a full integration of the DC type of nodes within the 5G ecosystem

* Transparent optical connection directly to DC cluster or rack

1
DataCentre |, Metro-Access network
|
I
1
|
Intra-DC To/from DCi ) )

I / Optical space switch
|

: ) ! - yal

- | /= (ol '

H P T @ Aggrebation P2R fibre

I | | trans::iision tzh SLIE @ &H

- = [ /

DC cluster =~ Tt A
H m - PON fibre
} [ Large DC
[ .
DC rack I \ mrl\;nges
] . Y&y‘} 100
- Core fibre Saasy
// \\\ %
Macro cell ;L/ ﬁ @

Core network

Home  Small cell

Micro-DC

Stadium

Source: SFI/NSF project “Agile cloud service delivery using integrated photonics networking”
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e As central offices turn into Cloud CO, everything (network/computation node) will look more like a DC:
e Core of servers/switches: white boxes has brought much innovation already
* SDN/NFV/Orchestration control and management: more to come, on per-flow availability/reliability
e Optical switching technology: much more to come
» starting from highly reconfigurable ROADMs/metro transmission ...
» ..to progressive integration with electronic switching fabric
* Edge of few types of (optical) transmission technology: more to come in photonic integration technology

SDN control NFV Network-wide
—_— plane ll orchestraiton MM orchestraiton — -
Electronic switch fabric y
— :
* |

_— o =y,

’____

{" Optical 7y S=—= === === = === = — — Optical %
I switch fabric— — N——switch fabric :
I “_x i,‘:‘.uw_";‘ — I
: e = N !

CO;I-:E.CI STy Access oy | Core o
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* There is much more that | haven’t discussed and involves:

* new services: how to bring more revenue to the system

* infrastructure virtualisation and sharing: create virtual end-to-end networks on
demand, possibly on a per-service basis

CO!

* business models:
o ket

5G: Another Next-Generation
* do pisappointment?

)er second speed?

e st The forthcoming 5G standard sounds impressive, but it seems
unlikely to reinvigorate the telco business.

NECT

Source: lightreading

Ericsson: SG Heralds 'New' New Economy

By MARI SILBEY, Senior Editor, Cable/Video, 1/12/2017
- Just as the Internet ushered in a new digital economy in the

‘\% . late 20th century, Ericsson CTO Ulf Ewaldsson believes the
¥ advent of 5G wireless connectivity will fundamentally change business models once again.

Source: lightreading
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* End users will pay more if a service is personalized and it works (requires end-to-end
guarantee)

* The value (and willingness to pay) is not in the Gb/s but in service delivery

Airflow Sensor Electrocardiogram Sensor 4 = —
(Breathine ECG) i =

Electromygraphy Sensor
Blood Pressure Sensor EMG)

el S eI Patient Position Sensc
(Accelerometer)

Pulse and Blood Oxygen Sensor
(SPOS)

Body Temperature Sensor

Galvanic Skin Response Sensor

“redmill

At

Implications: High value per bit Low value per bit

1. New high-value services to the users needed to bring more revenue into the
network (e.g., redirect citizens spending towards services that use the network)
=>» | think there’s novelty coming up with a reliable low-latency network

2. The current business model won’t work, it does not have a clear chain of
~responsibility
NECT 38
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Move from the
current model:

To a service-driven model:

N

ﬁ . <_/ / ! P\ NP LOVEFiLE

N o NETELIX O'T““es
CONNECT Example: Amazon Kindle 3G >




EZAV) TRINITY
* PN COLLEGE
DUBLIN

Thank you for your attention!

Prof. Marco Ruffini

CONNECT / The centre for future networks and
communications

The University of Dublin, Trinity College, Ireland
marco.ruffini@tcd.ie, www.marcoruffini.com
skype: ruffinim
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