ICDT 2015 : The Tenth International Conference on Digital Telecommunications

Power Consumption Analysis of Energy-aware FTTH Neatorks

Kun Wang, Anders Gavler, Manxing Du, Christina
Lagerstedt

Dept. Network and Transmission Lab
Acreo Swedish ICT
Kista, Sweden
Email: kunw@kth.se

Abstract—With increasing usage of the Internet, energy
consumption of network equipment has become a cruai
challenge from both an economic and an environmenktgoint
of view. This paper combines users’ behavior of aessing the
network with energy saving algorithms for energy-avare
network equipment, and investigates potential energsavings
in the access network. The study is based on a st traffic
data that collected from a real residential fiber-b-the-home
(FTTH) network during three continuous months in 2A.3. The
results show that on average every household link ithe access
network can potentially save at least 18% energy esumption
with sleep-mode enabled equipment.
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l. INTRODUCTION

With increasing usage of Internet and its relatadises,
the volume of global IP traffic is growing enormbugl].
Recent reports states that the world’'s
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Further, in [5][9] some existing energy saving
approaches used in fixed network and optical access
networks were summarized. Two common approaches ar
idle mode (also called sleep mode) and adaptive rate
(ALR) [10][21].

The idle mode concept is adopted by the Energyiefft
Ethernet (EEE, also known as IEEE 802.3az) [12][13]
which was published in 2010. EEE allows network
components to sleep, i.e. standby at a low powersighte to
save the energy consumption, when there is nomatkets
transmitted in the link. The ALR approach dynaniical
associates the energy consumption of the netwarpegent
with the actual data rate or workload transmittedttie
network, so that the energy dissipation can becafém
according to the traffic load pattern. In [12][13ihe
potentials of EEE for reducing energy consumptioasw
evaluated, however, not including data from rearaponal
networks.

In order to develop efficient ways of reducing eyer

Informationconsumption in the networks, it is essential tooals

Communication-Technologies (ICT) ecosystem appresich understand the users’ behavior when accessingetiveorks

10% of the world’'s electricity generation [2]. Othgapers
estimate that about 37% of the ICT electricity éngrated in
the telecommunication networks, whereas the restamly
generated in data centers and user devices [3}efine,
energy consumption has become a particularly irapbrt
economic and environmental interest when the gldBal
traffic grows at such dramatically fast pace.

[14][15]. However, there are only a few papers tinse real
data traces to investigate energy consumption arigg
saving solutions for telecommunication networks.[4h a
real aggregated traffic profile was used in ordestudy the
power consumption of nodes and links in a backbone
network. In [16], a daily Internet usage patteronf 2008
was used to calculate potential energy saving faomALR

In the recent years, a number of studies have beespproach. However, both these papers used oneigener

published focused on energy consumption
telecommunication networks. For example in [4], plosver
consumption of nodes and links in a backbone nétw@s
investigated. Further, according to [5][6], the esx
networks account for about 70% of the networksaltot
electricity generation. Also, according to [7],anFiber-To-
The-Home (FTTH) network, a major part of the eledly
consumption is due to the optical network unit (QNit/'the
end-user’'s home and the access line utilizatioguite low,
which means that the majority of the spent powerddde
saved with power-saving solutions. In [8], a benahkrfor

inexample of the traffic pattern for their analydis.reality,

different households can have very varying traffatterns
depending on each household’s Internet usage @havi

This study uses traffic measurement data from real
residential users in a FTTH access network, anidnatts
the potential amount of energy savings when sleegem
enabled energy-aware equipment were applied. The ma
novelties are: firstly our investigation covers 262
households with ultra-fast internet access service FTTH
network during the 3 months period, so that owltegive a
practical evaluation of the performance of energyirg

current network devices was presented, and theltsesuapproaches in connection to a real network usee;cas

showed that the power consumption of the Ethemétis
depends on the number of active ports, which mélaais
switching off unused ports can reduce power consiomp
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secondly this paper proposes a method of mappiegs'us
traffic behavior to link states, which then canrbapped to
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corresponding power consumption in the network chsyi
thirdly, two ONU energy models are proposed andpzmed
according to the characteristics of traffic measwest data,
the first model includes sleep-mode feature, amrdstircond
model includes botkleep-mode and off-mode feature.

The paper is organized as follows. First a desoripof
the network scenario, energy consumption modeld, the
scope of the work are presented in Section Il.datiSn 111,
we propose a mapping between Internet user behawidr
energy models, and then analyze how much energyean
saved in different energy consumption models winéerhet
user behavior pattern applied in Section IV. A dosion is
drawn in Section V.

II.  METHODOLOGY

A. Network and measurements

The analysis in this paper is based on measurernreats
real operational FTTH residential network in Swed&he
FTTH network is an active optical network (AON), iatn is
currently the most deployed fiber access solutipilirope
representing 78% of overall deployment at the nfi@@i2
[17]. As Fig. 1 shows, every household has a 10(svib
Internet service subscription and connects to gteork via
an Optical Network Unit (ONU) acting as a home gate
Further, the ONU is connected to the network opeist
access switch via a dedicated fiber link.

FTTH access network Traffic Measurement
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Fig.2. Network scenario

outbound directions, were recorded at 5 minutesrvals.
The collected data comprise 2627 households andttiay
is based on data from 2013-March-01 to 2013-May-31.

B. Investigated scenario

In this paper, we focus on the access (first npke}t of
the network, more specifically the ONU (optical wetk
unit) with home gateway functions, the access MHibter
switch and optical transceivers as described in Eigrhe
ONU terminates the fiber optical signal from the THT
network and converts it to electrical signal whishthen
communicated with other home network devices, Y.,
PC, IP telephony, etc.

The power consumption of the ONU can be assumed to
come from two parts. The first part is the homeewaty
central functions, for example, the processor, nrgnior
routing, firewall, OAM and user interfaces [19]. &kecond
part is the wide area network (WAN) interface,,i.the
optical transceiver, which directly connects to thecess
switch.

Further, in this paper, we consider the power
consumption of the downlink Ethernet switch center
functions and optical transceiver that connectsatd® users.
However, the uplink interface was excluded, since w
assume that the possibility of this shared interfiacbe idle
is low.

A more detailed illustration of the investigatedvnerk
scenario is shown in Fig. 2.

[Il.  ENERGY CONSUMPTION
In this section, we describe the proposed energgetso

The access Ethernet switch, also called opticad linused in this paper. The objective of our analysis lbeen to

termination (OLT) for Point-to-Point (PtP) FTTH, lscated
at the border between the aggregation network acdsa
network. Every downlink port of the access Etheswitch
is connected to one household. The uplink interfaveards
aggregation network is shared among all
connected to the switch.

investigate the potential energy-savings that caoliiained
with energy-aware equipment, based on data froneah r
operational network.

The European commission code of conduct for 2093 [1

householddefines three power states for energy-aware equiposing

idle or sleep mode approach. The first power simtthe

Traffic measurements were performed by the networKActive state”, which means that the link is activased and
operator, and post processed, anonymous data wade m that the device is processing user traffic at itsstb

available to the authors for analysis. The traffieasurement
probe was PacketLogic (PL) [18], a commercial icaff
management device, which can track and identifyersgv

performance. The second power state is the “Ichge’st
which indicates that the device is not processing o
transmitting any user traffic, but that the linkdstablished

hundred thousand simultaneous connections. The B& wand ready to detect activity. The third power staithe “Off

placed at the Internet edge of the network, seelfignd the
volumes of traffic for each household, in both inbd and
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state”, which corresponds to that the device islliot
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4 TABLE | AVERAGE POWER OF ONU AND ACCESS SWITCH.
x10 ‘ , _ _ VALUES WERE EXTRACTED FROM [19]
——Household traffic Link ONU gateway Access switch
———Threshold : : Active Gacive=5 watt Eacive = 4 Watt / port
: Idle Giaie=2.9 watt Eige=2.7 watt / pOI’t*
Off Go=0 watt Eidie
*This value was not available in [19]. We assum&idt active power

e
T

[m] Empty entries |- : ............. fos i

[5%]
T

communications constitute maximum 100 bps for each
household. If the registered data rate is smallezqual to
100 bps we assume that the gateway is not progeasid
transmitting any user requested data, therefordetermine
that the link is in the Idle state. In the secoade; we use a
threshold value of O bps, which leads to an extrease
where the Idle state can be activated only wheretieeno
traffic observed at all in the ONU gateway.

Traffic infout (bps)
(o)

. " FRRRA”
200 09:00 12:00 15:00 18:00 21:00 00:00  B. Powervalues
Time The power values for the ONU gateways and the

Fig. 3. An example of measured household traffiumes during one day. Ethernet access switches used in this paper weracted

The measured traffic rate is shown by #wid line. Empty entries & from [19]. TABLE | summarizes the proposed linktetaand

intervals where no traffic was detected. The tholebtvalue is used corresponding power of the network equipment. Towey

separate the Active and Idle power states. values for the ONU gateway are denotedasve Gige, and
o ] o G for the respective link states. The power valugsttie

powered off and not providing any functionality, sl Ethernet access switch are denote®ag. andEqe for the

means that the link cannot send any traffic. respective power states. The Ethernet access svistch

A. Mapping from traffic volumes to link states assumed to not have an energy-aware Off stateefdrer

the switch can use the same power as in the ldte siso
To be able to analyze the effects of energy-awargaon there is no traffic.
equipment, we need to map the measured trafficnveduto
link states, which then can be mapped to correspgnd C. Energy models

08:00 03:(")”0

power consumption in the devices. In this subseciie In this subsection, we present our proposed energy
describe the mapping from the measured trafficmelsito  models that we use to investigate the potentialrggre
link states. , o savings with energy-aware equipment.

The measurements registered the average trafic(irat For one householl, the total power consumptipf, is

bits per second) during five minutes intervals fach modeled as (1)P,(K) is the total power consumption of the
.house.hold, as |Ilustrat¢d in Flg.. 3. For each wrgktthe total  household’'s ONU gateway, ariei(k) is the total power
incoming and outgoing traffic rate was measured. Ifconsumption related to the household’s port in dceess
substantial traffic was observed by the PL, theskbold  Ethernet switch.
was assumed to be actively using the Internet tlagctfore, P =P, (k)+ P,(k) (1)
the link was determined to be in the Active stdte low . koo e .
rate of traffic was observed by the PL the netwdekices To estimate the power consumption for each deviee,
are powered on, but the household was assumed tto re€d to know the amount of time that the devicekean its
actively use the Internet, and therefore, the lgan be TeSPective power state. We estimate the power sstaye
determined to be in the Idle state. The small armotiraffic ~ USINg our traffic measurements. Each data pointh
was assumed to be control and management (C&Mmeasurement (corresponding to a five minutes iatpris
communications between the ISP and the ONU gateway. 'mapped to a corresponding power state, accordintheo
If no traffic was observed by the PL during an ind, procedure descrlped in the previous sub.secnon. tﬁhﬂ_
this was registered as an empty entry in the daabBhis time that the dewcges for househddds conS|de_red to be in
can be due to two main reasons. Either the housshol Active power state is denotd@.qJk), the total time for Idle

traffic was too small to be recorded, or the ONUegay power state i_s denotedige(k), and the total time for the Off
was powered off by the household. When there was aROWer state is denote@(k).The values are calculated as

empty entry in the database, the link was consitierde in ~ accumulated five minutes intervals. _
an Off state. Thereafter, the total power consumption for theeHtbt

To separate the Active and Idle link states, wednae 2aCC€SS port switch corresponding to housefioldan be

threshold value. In this paper, we use two casestfe derived as
threshold value. In the first case we use a thidsedue of P.(K) = Ege MTige (K) + T (K)) + Egive Tacive (K) 2
100 bps. In this case, we assume that the C&M
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TABLE Il AVERAGE ENERGY CONSUMPTION PER HOUSEHOLD X 10°
DURING THREE MONTHS. STD = STANDARD DEVIATION. 95%| = 25 gy
95% CONFIDENCE INTERVAL 3 ¢ ONU modell + Access switch
Access £ ONU model2 + Access switch
ONU | switch/ | ONU* | grp | 95% 2 r
switch Cl Q
port £
No Energy- 11.04 b
Awareness kv | 8:83kwh| 19.87kwh 0 0 295
ONU Model 1 | 7.28 kwh 1378kwh[ | o0 | 05 Q
TH 100bps | (-34.1%) | 6.50 kwh| (-30.7%) | ~ : <
ONU Model 2 | 4.59 kwh | (-26.4%) [ 1109 kwh| o /1 o ? 1
TH100bps (-58.4%) (-44.2%) ' ' ©
ONU Model 1 | 8.76 kwh 16.18 kwh =
THObps | (-20.7%) | 7.42 kwh| (-18.6%) | 236 | 009 E o5
ONU Model 2 | 6.07 kwh| (-16%) | 13.49kwh| , . | o 9 |
THObps (-45.0%) (-32.1%) | ™ : < ;
0 1 $%:4
whereEge and E,.yve are the power values for the Ethernet 0 20 40 . 0 60 80
access switch found in TABLE I. Since the accesischvis Energy reduction (%)

_ Fig. 4 Relationship between accumulated active timehpesehold ar
ovaehalls Moo e ane S v reapera U3, BT T S, i i P s 0
ousenolc
Idle power value. 0 . .

In this paper, we propose and evaluate two energ at 58% of the ONU energy consumption can be saved
models for the ONU gateway, in order to show tHeot$ e case where the ONU uses an Off mode (ONU M2ylel
when an energy-aware Off state is implementedenaNU. anq the link state threshold 100bps. Even when Qidel
Therefore, the first ONU gateway model (in the daling L iS used, without Off mode, and the link stateeshold
called ONU1) only has “Active” and “Idle” power &ts, value of 0 bps is applied (which is very strichierte is still a

whereas the second ONU gateway model (in the faligw potential of 21% average energy savings for the ©NU

called ONU2), instead has all power states, “Adjivielle” ~ Energy-aware access switches can also have sagrfic

and “Off. potential energy savings, about 26% and 16% oragesfior
For model ONU1, the total power consumption for theth® two cases respectively.

ONU gateway belonging to household k is given by B. Households’ Internet usage and energy-savings

Fy (k) = Gige Wi (K) + Tag (K)) + Gacive Macive (K) (3) Fig. 4 shows the relationship between the accumdlat

whereGyge andGgere are the respective power values for theactive time Tacivd for each household and the potential
ONU gateway found in TABLE I. Both the link’s Idiend ~ energy savings calculated from the energy modekh wi
Off states correspond to the Idle power value. threshold of 100bps. Every data point in the figure
For model ONUZ2, the total power consumption for thecorresponds to one household. The results cleadwthat
ONU gateway belonging to househdie instead given by  the most active households only have small benéfiis
P,(K) = Gy [Ty (K) + Gy Tige (K) + Grge Tace(k) (4) using  energy-aware equipment. However, for the
households who have less active time, significartemtial
energy savings can be achieved by using energyeawar
V. RESULTSAND DISCUSSION equipment. Using ONU model 1, without Off mode, the
The main objective of our investigations was tolea®  households who are the least active can save @66atof
the amount of energy savings that can be achievétl W e energy consumption, while for ONU model 2, w@f
energy-aware equipment based on the households’nkit mode, the savings can reach as high as 67% comatiee

usage. Each household’s energy consumption dutieg t ithout . . t Wh
three months measurement period was therefore astim case without energy-aware equipment. en energyeaw

using both energy models and the two thresholdegafor ~ €duiPment is not deployed in the access netwolieset
the links. “light” Internet users will consume the same amouont
) energy as the “heavy” Internet users.

A. Average energy savings Further, the graph indicates the potential benddits
TABLE |1l shows the estimated average energyintroducing an Off state in the ONU gateway. Thersdr
consumption per household when compared to a bearghm active Internet time a household has, the more ggner

case without energy-aware equipment. The poteetialgy  savings from the Off state will the household have.
savings are shown in the parentheses of TABLEAK)can . o .
be seen in the table, each ONU gateway consunmeiage  C- Cumulative distribution functions

11 kwh whereas each connected port on access switchFig. 5 shows the cumulative distribution functid®D()
consumes in average 8.8 kWh without energy-awaréor the households in relation to the potentiaoraf energy

equipment. However, with energy-aware equipmengela savings that the households can achieve, when ONtleM
energy savings can be achieved. The most strilesgltris
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Empirical CDF
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X = Energy saving (%)
Fig. 5 Distibution of households in relation to the amount esferg
savings using ONU model 1. The blue line correspaidthe link stai
threshold of 100bps, and the red crossed markeesmonds to the lir
state threshold of Obps.

1, without Off state, is applied. Both link stateesholds
are shown in the figure. As can be seen in thedigior the
100 bps threshold case, the CDF curve
exponentially. About 30% of the households in teeawmrk
can save only up to about 30% of the energy usieggy-
aware equipment, whereas the rest of householdsaan

Empirical CDF

0.8

0.6

F(x)

0.4

T T T
—— Threshold=100bps |
— Threshold=0bps !

0.2

1 1
30 40
x = Energy saving (%)
Fig. 6 Distribution of households in relation to the ambwfi energ
savings using ONU model 2. The blue line correspatadthe link stat
threshold of 100bps, and the red crossed markeesmonds to the lir
state threshold of Obps.

20

can be further reduced about 14% when comparekbép-s
mode only ONU. The link state threshold value has

increasedgnificant impact on the amount of energy savings.

Currently, 70% energy of the whole telecommunigatio
network is consumed in the access network, whepuwweur
experiment results of access network into an ershtb
network scope, we can see that the total potestiargy

from 30% to 36% of the energy with energy-awaresyings of a whole network can reach up to 31% with

equipment. There is a significant difference in ®lgps
threshold case, where the CDF shows a clear linead. In
both cases, the maximum energy saving is about $6%e

it is the households with the lowest active timat thave the
maximum energy savings this result indicates that t
households with the most energy saving have tdte lit
accumulated active time to be influenced by theghold
values.

Fig. 6 shows the cumulative distribution functiosing
ONU model 2, with Off state, and both link stateetiholds.
In this case, the maximum potential energy-savaaghes as
high as 67%. With the 100 bps threshold, about 88%e
households can save more than 30% of the energreah
even in the O bps threshold case there are stib Sif
households that can achieve more than 30% enevgygsa

V. CONCLUSION
The study uses real traffic data traces from adesdial

FTTH access network to investigate energy consumpti [2]
and energy saving solutions of energy-aware equipme

The paper has proposed a method of mapping usafitt
behavior to link states that then can be mapped
corresponding power consumption in the network chsvi
The results show that on average every househdtdrithe
access network can potentially save at least 18&tggn
consumption with sleep-mode enabled equipment. \Afith
additional off-mode feature on ONU, the amount oérgy

Copyright (c) IARIA, 2015.  ISBN: 978-1-61208-396-4

energy-aware equipment. Even if in a strict caseemONU
Model 1 is used, without Off mode, and the linkteta
threshold value of 0 bps is applied, the estimatedito-end
network energy savings can achieve 13%
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