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Disclaimer

A The contents of this presentation include figures and
results from several Internet sources.

A Author has tried to include all the corresponding
references, included at the end of this presentation

A With all, the major part of the presented technologies
and solutions are actually over researching and the
lecturer recommends to complete the information for
each option directly over the source to obtain concrete
detalls.

A If you are not referenced yet, | d6sorry and | dntlude
your name in next versions of this document.
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Power consumption over the access
Power consumption over the backbone
Why Energy Efficiency over networks
EE over the practice: some proposals

Main keywords:

1. EE techniques

Circuit switching

Slow down

Turn off hardware

EE applications/protocols
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Internet: the origin

Traditional hierarchical Internet topology

National Backbone Settlement Free
Operators
NAP NAP

Regional Access Pay for BW
Providers

Local Acfrefs \ Q Q QPay for access BW
cosomer e 3O A OO0 OO S

Customers and business customers

A Most traffic flowing between the core tier-1 provider
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Internet: actually

Emerging flat Internet topology

Global Transit / fHyper Giantso
Global Internet Core National Backbones Settlement Free
| IXP IXP /\\

IXP

Pay for BW

Regional / Tier2 @‘®

Providers

cusiomer p Netwarks J O T OO O OO OO Q  Payoraccessew

Customers and business customers

A Most traffic flowing directly between content providers
and customer IP networks

A Part flows to the global Internet through Internet
Exchange Points (IXP)
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Internet: the practical view

Tier 1 Network

Core Network Metro/Edge Network

Access Network

/

000 66

Data Center Source: Tucker, Baliga et all
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A n d claud computing???

Internet Service Provider's Network Public Interneat
_.A._ _A_
' ~
Access Network Metro and Edge Metwork Core Network Data Center
f )
Storage
™ Ethernet
Switch
e /
User A Ethenet A LAN Server )
Switch [ _ Storage
ser W71 (Smal) g
i Ethe_mﬁt
User || Ethernet Switch Gateway
h‘h" E""Imh —— - Hﬂuiﬂr
User (Small)
J\ J
Corporate Network Data Center
(b}
a) Public cloud Source: Tucker, Baliga et alll

b) Private cloud
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EE: What Is the objective?

***t_k Communication from the Commission - Energy
L : efficiency: delivering the 20% target
*-n,,t [* COM/2008/0772 final */

European

Commission

A The optimization of energy consumption is a crucial topic
A European Commission promoted the ambitious

P0-20-2 0 O
i 20% cut in emissions of greenhouse gases by 2020 (compared
with 1990 levels); a

I 20% increase in the share of renewable sources in the energy
mix

i 20% cut in energy consumption.
A Transport networks are into the hurricane eye
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Which transport networks?

Number of Devices per Network Level

@ Accessnode
@ Transport node ® Transport i Energy Requirements per Network Layer
@ Core node and Core X
6% Transport
Core/Transport ~ and Core
network 30%

ccess l
94% w

Power C ption per
Access nets Device

~
.
N

Access nets

Access

| 70%

Core <
Transpart 4
A cess
Watt/h

2000 4000 6000 8000 10000

Access nets

Source Bolla et all Typical Operator
085 / BSS Data Center

100% 1
90%
80% +
T0% + -
60% +
50% -
40%
30%
20%
10% -
Aggregation 0% + ' ¥
Mobile Fixed Line

Backbone ACCESS

Maobile Access

.-/.

Saurce: T-SysiEems

User Premises  Operator
Source: Nokla-Siemens
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IS It possible???

Fixed network domain

GWh

III.I'.....
‘Ilew challenge on energy

1 \L L
\ {
Voo, L
Start ADSL ‘1* | saving
deployment L ' Need of further actions

o0 TG e N

Start of network
digitalization

»
¥y
.,

ETOT

wel I
i gun®® End user appliahces
i qun®™ Power Consumpgtion
ggpusn s H >
‘84 ‘88 ‘92 ‘96 ‘98 ‘0810 Years
I E TOT: total energy consumption from mains (TLC egquipment, cooling. ausiliary systems)
s E TLC: energy consumption of TLC equipment

:
ETLC | ==

Source: TELIT
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FHom " stovepipes” per service ..

Control
Tran

i

Fixed access

NGN Is an explanation too

.10 open standardized layered architecture

Tran
Control
Tran

i i Senvice
delivery
=] E E platform
§ Application plane
= Control plane (IMS)
Transport plane
ATM

—
e [ e

Next Generation 055

= \ertical integration = Horizontal layering replaces stovepipes

- Different senices rely on different = |Pas universal convergence layer
technologies . Senice neutral network, network and senice

= Control of customer relationship and senice are decoupled
provision maintained
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| ttlledime of the (ICT) networks

e oy EURCPEAN COMMISSION
b3 w CIMLCTINATE  -GEMENAL N0

3 + JHNT HESEARTH CERTHE

+ i Inatihss for e Eewirsnmant snd Sostmies bty
e & PFermwsbs Ersrgias Lnk

Code of Conduct
on Energy Consumption of Broadband Equipment

Draft Version 3
Tssme 15 — I7 July 2008

“With implementation of this Code of Conduct,... 5.5 Millions tons of oil
equivalent (TOE) will be saved per year.”

Extract: Off-State | Low-Power | On-State
(W) State (W) (W)
ADSL-CPE 0.3 35 40
VDSL2-CPE 0.3 45 6.0
GPON ONU 0.3 50 90
PtP ONU 0.3 30 50
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Access network

The reality of the access

A Coexistence of several

______ 1
|
i | o Awy | access worlds
DSLAM [

: ——— Modem ﬁ

| ] = N
1 ST A Limits depending of
| oL : splitter = —_— ﬁ
i : Remate node - teChnOIOQy
| : T I ﬁ FTTN
1| Ethernet | DSLAM using VDSL
| switch | | ﬁ
' LT T T T Technology Per-user
i Pry (kW) N Pey (W) N Pepe (W) SC :
I J— i v v i o o limit capacity
| " ——Jomc || " ADSL 17 1008  NA NA 5 15 Mbs 2 Mb/s
| |
(. : —: [Mesem] | HEC 0.62 480 571 120 65 100 Mbys 0.3 Mbys
: switch || :_ | - Q
! - T PON 134 1024 0 32 5 2.4 Gb/s 16 Mb/s
I | _ ¥
|| Exhernec | :[ o5 || f:;-‘ % uwrs  FTIN 0.47 1792 a7 16 10 50 Mb/s 2 Mb/s
| SWITC | | = _| -W
: | | | PP 0.47 110 N/A NA 4 1 Gh/s 55 Mb/s
' | T

| | :

i combiner ’_: T HFC WiMAX  0.47 24400 1330 420 5 22 Mbys 0.25 Mb/s

|
p— - - UMTS 047 15300 1500 264 2 20 Mbys 0.25 Mbys
central ormice
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Access: What are the limits?

i y * Point-to
~ 100 Mobile WiMAX(*) B ]
F3 .
s 3 LTE(®) optical
2
c
(=]
2 10 VDSL
il @
g 1 GPON
z
& 14
3 Core (BMbps)
1 . Average bit rate Peak bit rate
0.1 — Ty — T —T—TT T
1 10 100 1000 10000

Access bit rate (Mbps)

Minimal user  Power/subs
Technology Range (km) Bitrate (Mb/s)  Usersinode  density (with PUE)
(subs/km?) (W/subs)
ADSL 8! 4-8
ADSL2+ 5515 21 384-768 50.100 2-4
VDSL 1.0 26! 5-60
03 551 16-192 50-700 6-10
VDSL2+ 03 100 50-700
GPON (32) 20 2488/32 (4-72)* 32 0.1-2 0.4-1.6
GPON (64) 10 2488/64 (4-72)* 64 0.8-14 7ol
Mobile WiMAX 0340 (3Mbjs)  1-70 2122 NA 273
HSPA 0.240 3 Mbjs)  1-14 2252 /A 68°
LTE 0470 (3Mbjs)  1-300 1802 NA 18

1 Downstream 2 Simultaneous Active Users 3 Modelled for 300 subscribers per km?

Source ECOnet Project

(low Energy COnsumption NETworks)
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Access: How many and When?

Access rate (Mbys)

2U1UI tecl'llncuioglyl o _-"I” - - _5 1:] 2::' UM': 8|3 7
=r -III 1 100 _\-_______ B <
f_, ;rfvaAx .
% 20+ .I_;' % — —
g - ; /mN HFC o i E L FTIN WA
: i Vv s o
v — 4 g 10 “\\H_
2o s // / : k f“""““* — ]
S ) —2 s
STJ_J_J\;\UMTS DSL PON . —;]N— —_—
100 101 pecees ot (M 102 102 2010 2012 2{)14““@9”}2015 2018 2020
A Power as a function of A Expected power
access rate with an consumption of latest

oversubscription rate of A Base access rate in 2010
20. =5 Mbl/s.
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Access: and the winner isé

30
20 users per se::.tnr\h M= Oversubscription
N0
WA
g 20E WIMAX
- FTTN
3 M= 1 /o) Ptp
5 / ! M=1  /
o —_ -
s 10 |—E M= 10—~
k] e o = =
= === " 32 Customers |
o / 7 M ~10
HFC PON M=1
0 ] ]
1 10 100 1000
Peak Access Rate (Mb/s)
—

.

=

PON FTTH is “greenest”
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Comparing with the rest

— 10000 =
5 1000 & |
2 100 & |
= 10 1 . = Access
= 1B =885 ==
S 0.1 J_%— S === 5EHE Backbone, Single
L 0.01 12 e HHH A== Wavelength
' Multi Wavelength
q}""@ @C@ Q*ﬁ@{b@@éﬂ%@ & @‘*@4@%’ ?9@{ X ’
& k.m‘i\\h S %{}%@“‘? &
& q_g‘-" N o Source: T-Systems
s ;

A Optical technologies are most eficient

A Backbone equipment more efficient than access
equipment
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And the backbone?

NG-SDH ROADM
0.04

E———

Power consumptlon (m kW) for 100Gbit/s
Source: NSN 2008

A Backbone equipments
evolved too

oCcosE
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Power (W/user)

25
| Oversubscription = 25 ‘
20 || 2009 Technology |
Today's Internet Total
15 (~ 3 Mbls)
/ Routers
N
10 F
?
51 Access (FON)
SDH/MWDM Links
I T—
0 — 1 I
ot 50 100 {150 200 250
2009 2070

1.0

0.5

Source: Tucker, Baliga et all

A But, what is the problem?

I comsumption
proportional to the
bandwidth
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Inside a router

Forwarding Engine

Converters ._

g~ cAuroDE (Ve
INGENIERIR
B TELEMATICA

Switch Fabrics Buffers  Multiplexers
e -
Reduced bit rate

Source: Tucker et al
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EE in routers: who I1s who?

/ Line Card
[
Buffer
Forwarding Engine Routing
Switch Tables
Fabric
e Buffer X I:[ Power
¥ ) . supply
Forwarding Engine e Routing inefficiency
# \ Witc Engine F d
Control ans an
blowers
\ / \ Data Plane f Enntrc:;! Plane T‘
\ / \ / J
Energy/bit |07 nJ| |3.2 nJ 0.5nJ 1.0 nJ 1.1 nJ 3.9nd
Fraction 3% = v
of Totat L% 10% 35%
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1,000,000
100,000 | R
where P is in Watts
g where C is in Mb/s
S 10,000
2 o
£ = s
> 1,000 1 % ;/ -
7 A
5 g
o 100 [ s A8
% o e et i 100 nJ/bit
N
-
. 0.
1 ~ " ~ & A
1 Mb/s 1 Gb/s 1 Tbis 1 Pbis
Router Throughput

(From: M. Pickavet et al. “Energy footprint of ICT", METI, 2006, Nordman, 2007)
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Why does the network need EE ?

A Currently:

I Access is dominating overall energy consumption

A In futureé near future!!!
I Core will become increasingly important

I Feasiblility limits may be reached (growing traffic volumes &
more node consolidation)
A Innovation needed:
A To keep this under control
A To stay well below these limits
A Even avoid further growth of energy

¥ GRUPO DE o
E D 5 t ( NEEN ”CQ[H ‘“‘““’"‘D an COST 804 Tl‘.alnnlng. Cost 22

wuw.costsod.org S TE_EmFTl A Balearic Islands University, April 24-27, 2012
Actlon IC0804



"-. -
Efficient Clients and
home networks

"I:I:I%E@

Action IC0804

EE: some suggestions

Data Centres Application
Content Senver

==
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Practical EE: a formal approach

%ﬁTRONGEST

Scalable, Tunable and Resilient Optical Networks Guaranteeing Extremely-high Speed Transport

Bnergy efficiency improvement
|

ey aware CErqy aware Nerwor erqy aware TEerqy aare
architecture planning systems operation

Hacement of Static optimization Progress of Activate only
network elements & with respect to power technology resources that are
functions consurmption ASICs, systemintemd needed at a certain
Nurmber &type of Site concept power control . time

functions

Resilience

Pover supply systems and cooling (UPS & HVAC)

Source: STRONGEST project
http://www.ict-strongest.eu/
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The fStrongestoKeywords

A A. Improved inherent energy- A C. The inherent energy

efficiencies as offered by efficiencies as offered by
electronics technologies optics technology solutions
I (1) More efficient CMOS I (6) Optical bypass
technologies i (7) Coherent detection
i (2) High temperature i (8) Polarisation multiplexing.

operation of ICs

A B. More sophisticated
management and exploitation
of network resources

I (3) Source coding & caching

A D. More environmentally
sustainable approaches to
network design such as

I (9) Micro-power generation

I (10) Increased reliability and

i (4) Multi-layer traffic robustness of network
engineering (MLTE), equipment.

i (5) Powering down, sleep/idle
modes and burst-mode

operatio
Ny ED D E BRUPC DE UC
v 6 INGENIERIR

4 M eoR TELEMATICA
Action IC0804
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EE: some solutions

A Techniques for improving energy efficiency in
communication networks:

1. EE technics
2. Circuit switching less work/buffering
3. Slow down
4. Turn off hardware
Ny =l UC .
- o 2nd COST 80 C
v E D %.cosE 6 ;\Efggfm- Balearicnlslands Bnivtgs;m% 22?;7, 2012
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EE Technics

"|:|:|5I:
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Electronic nodes
{packet-switched)

1,000.000
Elecironic nodes.
(circuit-switched)
S 100000
=
=
£ 10000
o
E
=1
g 1.000
=]
6]
(=
s 0.100
i} T - s | wWoWC |
o & =t
g 0.010 ==.é —¥— S0A-hased packet-switched 40 Mbit FDLs {current)
= = ——- S0A-hased packet-switched 400 khit FDLs (current)
0.001 —— MEMS-hased circuit-switched (current)
0 1 10 100 1,000
regated Bandwidth its WC: wavelength conversion
Agg g I'Tb ] 3R: regeneration (wavelength,
amplitude, time)
Source Aleksic
GRUPOC DE .
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Routing vs. switching

—

e COSt, POWET

IP routing

L2 switching

TDM switching
Lambda switching
Problem Solution
Power consumption increases Process traffic at the
with traffic growth lowest possible layer

Source: ECOnet
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Circuit Switching

A Internet traffic: large |
share of predictable ‘=
services (e.g. video)

Farwarding

B
I Circuit switching = EE
A Pipeline forwarding A
T No buffers & no header
proceSSI ng Source: Mario Baldi , Yoram Ofek: Time for a “Greener” Internst
T ++ faster . 1 UTC Second —+
A . . . N C.I;!:::ﬂ J_.fﬂ:; 0o 0 "J:'Tr—g'
Application: video e e
file/stream per optical iz otz oo 12 Joo Time -UTC

circuit
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Switching: the evolution

Capacity

Optical
Packet
Switching
(OPS)

Optical
Circuit
Switching
(OCS)

Point-to-
Point WDM
(P2P)

+ Time

Source: Tucker et al
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SDH/SONET + WDM

a) All traffic is passed up through the lower layers and processed by
the IP router

b) Traffic is processed by the SDH/SONET switch, bypassing the IP
router

c) Traffic is switched by the optical cross-connect, bypassing both the
SDH/SONET and IP layers. Lower layers are progressively more
energy efficient.
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