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Abstract—This paper analyses the impact that sleep mode reconfigurable optical add/drop multiplexers (ROADMs)dan
(SM)-based green strategies have on the reliability performance erbjum doped fiber amplifiers (EDFAS). In cellular networks
of optical and cellular network elements. First, we consider a SM can be used, for example, with base stations (BSs)
device in isolation (i.e., not plugged into a network in oper- S ! . !
ation), showing how operational temperature and temperature and remote radio un|t§ (RRUs). However, the _adOptlon of
variations, both introduced by SM, impact its lifetime. We SM approaches can trigger also other effects, differentfro
then evaluate, from an operational cost perspective, the impac energy saving. In particular, SM cycles may vary the opegati
of these lifetime variations, showing that some devices are temperature of a device and, in turn, may affect its lifet[dje
critical, i.e., their achievable energy savings might not cover the More in depth, temperature can impact the reliability per-
potential additional reparation costs resulting from being put too L . .
frequently in SM. Moreover, we present a model for evaluating fF’”T‘ance of a d_ev'ce in_different ways. For .example,_ the
the impact of SM on the lifetime of a device plugged into a lifetime of a device can be extended, when its operational
network in operation. The analysis considers two case studies (onetemperature is reduced][1]. Thus SM-based green techniques
based on optical backbone and one on cellular networks) showing could be beneficial. On the other hand, frequent temperature
that the lifetime of a device is influenced by both the hardware 5 iations may accelerate the occurrence of faildres [6] &n

parameters (that depend on the specific design of the device) - )
and the SM parameters (that instead depend on the energy- turn, shorten the lifetime of devices. These aspects nebé to

efficient algorithm used, the network topology, and the trafic carefully assessed, because any change in a device rgfiabil
variations over time). Our results show that (i) the changes in performance impacts the network operational cost in terms
the operational temperature and the frequency of their variatin  of extra failure reparation expenditurés [4]. Therefoteisi
are two crucial aspects to consider while designing a SM-based i hotant to make sure that the extra reparations causelby t
green strategy, and(i the impact of a certain SM-based strategy decreased lifetime of some network devices does not exceed
on the lifetime of network devices is not homogeneous, i.e., it can . . . o
vary through the network. the potential savings from using an energy-efficient siate

Index Terms—Sustainable Networks; Green Networking; This paper presents a comprehensive study assessing the
Ene_rgy-Lifetime Tradeoff; Lifetime Models; Cellular Networks; impact that SM-based green Strategies have on the lifetime
Optical Networks. of network devices. The study considers the main network
elements used in cellular and in backbone optical networks.
o _ . The objective of the study is twofoldi) identify the devices

In the past years the energy efficiency of communicatiqRat may experience the highest impact on the operatiorsl co
networks has been the focus of an extensive research Wofftrease due to a possible reliability performance degiamia
Many green approaches have been proposed in the literatiye@ (i) assess the reliability performance degradation mea-
in order to reduce the energy consumption of both cellular ag ;o4 in terms ofAcceleration Factor(AF) of the network
fixed networks, at all layers, and in all network segments, (i. glements that are set to SM during network operation. This
access, metro/aggregation, and core) [2], [3]. latter aspect is vital to assess the vulnerability of thevoekt

One of the most promising approaches t0 save energyis 4 whole (i.e., defined in terms of how frequently network
to put idle network devices isleep modgSM), a state in glements are likely to experience a failure).
which a network element consumes less energy compared @y results indicate that thd F of a device is a function
fully operational mode. In the case of backbone optical n€ft its hardware (HW) characteristics, and of the specific

works, this means putting into SM transponders, regeneatQynergy efficient strategy that inevitably sets the valuethef
This is the authors version of the paper "Is Green NetworlBegeficial device SM peI’IOdS and frequenues. The results of the StUdy
in Terms of Device Lifetime?” which is published in IEEE Commuations also confirm that in order to benefit from an energy-efficient
Magazine. The work of Filip Idzikowski was mainly performed ilghhe strategy the SM switching frequency has to be kept to a
was with University of Rome Sapienza. A preliminary versiorttdé paper .. . . . .
minimum. Finally, when comparing cellular with optical de-

was published at the fourth edition of the IEEE Online Coarfee on Green '’ - - HE
Communications[]1]. vices, the latter ones seem to be more susceptible to Hélabi

I. INTRODUCTION



performance degradation from the operational cost petispec decrease can be expressed in the following way [5]:

monetary energy saving
Il. LIFETIME VARIATIONS: PHYSICAL PHENOMENA ——
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When a device goes to SM, its operating temperature may
be reduced because a number of its internal components is
switched to an off or stand-by mode. There are several models

) . . (1)
in the literature that can be used to characterize how mLWP\ere P., [W] represents the power consumption in active

temperature variations impact the lifetime of a device. ©he ., 4e of the device under exartyw, [USDKWh] is the

them is the Arrhenius law_[6] which determines how mUCR|ecyricity cost,F R represents the device failure rate expressed

the failure rate increases/decreases, if a device is @uesdt ;| £ [units] (i.e., the failure in time unit which correspds

a temperarure diffgrent from a reference one. Accordipg f8 one failure perl0° hours of operation)MTTR [h] is the

the Arrhenius law, if the operating temperature of a device jnean time to repair the devic&ers. [member] represents the

reduced, its failure rate becomes smaller as well. This 81€3Qymper of reparation crew members necessary to repair the

that, by considering only the effects of the Arrhenius laWgjjeq device,(,, [USD/h/member/failure] is the hourly rate

an energy-efficient scheme would have a positive impact g, reparation crew member, adt, [USD/failure] is the cost

the lifetime of a device, since the operating temperatura of, 1\ 5 replacement unit of the device under reparation. For

device in SM is typically lower than the one at full power. example, assuming that the "monetary energy saving” is 400
However, there are also other physical phenomena that n@g§h and that the "reparation costs” are 600 USD, according

to be considered, and may negatively impact the lifetime ofig £q. [3), the maximum allowable lifetime decrease will be

device. It is well known that temperature changes may affeggos,

differently the expansion of different materials withineth Table[] presents the values of the maximum allowable

same device if they have different coefficients of tempeeatujifetime decrease for a number of backbone WDM optical and
expansion. In tumn, a device may suffer strain and fatigy@yjar network devices, including: linecards, transgens,

when temperature conditions change, in particular whes thhoapMs EDFAs. BSs. and RRUSIN particular, we consider
happens in a cyclic way. This phenomenon can be observgg, gifferent scenarios: in the first one the device thatsfail

for many electronic devices, in particular for solder juogs. a5 to be replaced, while in the second one the device
The Coffin-Manson model_[7],.[8] describes the effects qfan pe repaired without involving substitution. To compute

material fatigue caused by cyclic thermal stress and it&lusie jifetime decrease, we adopt the parameters reported in
to predict the number of temperature cycles that a compongit Taple. with the exception of the cost of enerGy,
can endure before failing. In particular, the more oftend@® 5,4 the hourly rate of crew membets,, that are equal

experiences a temperature variation, the shorter itsimiet to 0.16 USD/KWh [12] and 190 USD/h/member/failufe [4],
might become. This effect occurs when the device passes frPégpectively. .

full power to SM, and vice-versa. In the remainder of the The |ifetime decrease results presented in Table | show
paper, the lifetime variations of network devices are medel 4t in the scenario without replacement, the majority @ th
using the Arrhenius law and the Coffin-Manson model.  network equipment (with the exception of EDFAS) are able
to sustain a significant degradation of their lifetime witho

a considerable impact on their operational costs, i.e., the
maximum allowable lifetime decrease is greater than 10 %.

This section presents an assessment from the operatidfathis case, the achievable energy savings from SM can
cost perspective of what is the maximum tolerable lifetimeasily compensate the (possible) extra reparation costth®©
decrease when setting to SM the main active devices usdher hand, a different conclusion can be drawn in the case
in wavelength division multiplexing (WDM) optical backboneof EDFAs, where the values of maximum allowable lifetime
networks and in cellular networks. decrease are very small. .

A lifetime degradation introduces an additional OPeratlon On the contrary, when replacement costs are taken into
EXpenditure (OPEX) in terms of failure reparation cost. Whedccount, all network devices under exam (both optical and
green Strategies are used in a network, this has to be taten pellular) have a maximum allowable lifetime decrease below
account in the overall OPEX calculation. It is then impottan | ) . .

derstand to which point the savinas comina fro Th_e input data come from [[5], L]9], [.LO_], [.L_l], and from the

to understand up ) p g9 g Wilowing sources: Cisco ONS 15454 Multiservice TranspdPlat-
a green strategy can still compensate the extra costs delagtem - MSTP (http://www.cisco.com/c/en/us/products/ogtinetworking/
to the decreased lifetime of a device. This tradeoff can [§8s-15454-multiservice-transport-platform-mstp/indexrlly CISCO Price
d usi h . I ble lifeti d Eist (http://www.kernelsoftware.com/products/catatgéo.html), EDFA-R
measured using the maximum alowa € |”et|me' ecrease gphiym Doped Fiber Amplifier with Redundant Power Suppliestp(f
percentage compared to the nominal conditions, i.e., wi&n Samw.pbnglobal.com/en/products/edfa-r), Huawei GBSS9BSBI00 Prod-
is not applied) so that the reparation costs will not excedd@ Description V2.1 (http:/cosconor.frlGSM/Diversigment/Huawei/
. . . . DBS3900%20product%20description.pdf), Huawei eLTE3RSB900 LTE

the saving obtained by lowering the energy consumption b

. . - e Y¥8D Product Description (http://enterprise.huawei.ctinklicnenterprise/
given threshold, i.e., 10%. The maximum allowable lifetiméownload/HW 275863)

FR '
10% - Peg - Ckwn, + {55 - (MTTR - Pers. - O + Ceg)
| —

monetary energy saving reparation costs

Ill. ENERGY-EFFICIENCY VERSUSLIFETIME VARIATIONS:
AN OPERATIONAL COST PERSPECTIVE


http://www.cisco.com/c/en/us/products/optical-networking/ons-15454-multiservice-transport-platform-mstp/index.html
http://www.cisco.com/c/en/us/products/optical-networking/ons-15454-multiservice-transport-platform-mstp/index.html
http://www.kernelsoftware.com/products/catalog/cisco.html
http://www.pbnglobal.com/en/products/edfa-r
http://www.pbnglobal.com/en/products/edfa-r
http://cosconor.fr/GSM/Divers/Equipment/Huawei/DBS3900%20product%20description.pdf
http://cosconor.fr/GSM/Divers/Equipment/Huawei/DBS3900%20product%20description.pdf
http://enterprise.huawei.com/ilink/cnenterprise/download/HW_275863
http://enterprise.huawei.com/ilink/cnenterprise/download/HW_275863

TABLE |
MAXIMUM ALLOWABLE LIFETIME DECREASEANALYSIS

Maximum Maximum
Device type FR MTTR Pers Ceq Peq allowable lifetime | allowable lifetime
[FIT] [h] : [kUSD] | [W] decrease (with| decrease (without
replacement) replacement)
Multirate DWDM XPonder Card 2900 | 2 1 10 50 2.59% 42.10%
10-Gbps Full-Band Tunable Multirate Transponder Card| 4200 | 2 1 25 35 0.52% 26.00%
‘S | 40-Channel Single-Module ROADM 3300 | 2 1 25 35 0.66% 30.90%
B | 100-Gbps Service Line Card 8600 | 2 1 190 130 0.18% 38.90%
o) 16-port Wavelength Mux/ Demux Flex Spectrum line card 6200 | 2 1 100 100 0.26% 40.40%
Enhanced 96-Channel EDFA 7100 | 6 2 15 40 0.52% 3.80%
EDFA-R 10000| 6 2 10 18 0.23% 1.25%
LTE RRU (micro/1 cell) 10000 1.5 1 0.65 50 7.88% 21.92%
5 | LTE Micro BS 6452 | 2 1 3.9 100 5.48% 39.49%
S | LTE RRU (macro, 1 sector/cell) 10000 4 2 2.6 120 4.45% 11.21%
8 Main unit Macro BS (3 sector LTE, 2 transceivers/sector) 6452 | 3 1 15.6 460 6.59% 66.68%
Macro BS (3 sector UMTS, 2 transceivers/sectror) 10000/ 5 2 325 1700 | 7.33% 58.87%
Macro BS (3 sector GSM, 2 transceivers/sector) 20000| 6 2 455 840 2.74% 37.09%

10%, suggesting that the extra reparation cost plays a velsrived using([6]. It is the sum of the failure rates at fulizso
crucial role from the operational cost perspective. It clo a and in SM, respectively, weighted by the amount of time the
be noticed that the backbone optical devices show the wodgvice is in SM. The second term is taken fram [7], [8]. It
lifetime decrease performance. Therefore, optical devare represents the contribution to the failure rate that is ation
more critical than their cellular counterpart and need to lwf how frequently the device operational state changes. The
considered more carefully. two terms are then added to compute the overall failure rate
of the device, assuming that they are statistically inddpah
and their effects are additivel[1].

In order to model the lifetime variations of a device, the

The previous section highlighted how SM may impact theoncept ofAcceleration Factor(AF) is introduced.AF is a
operational cost as a consequence of the potential var&tiarameter measuring the mean lifetime decrease/increase w
of the component lifetime. The study considered a device jRe device operating in full power conditions (i.e., when SM
isolation. This section goes one step further by lookinghat tig ot applied). In particular, anlF larger than one means
reliability performance of a device plugged into a netwatk ithat SM has a negative impact on the device lifetime, while
operation, when energy-efficient approaches are applied. T 4 r is lower than one the device lifetime benefits from the

intuition is that when a device is plugged into a networkpiroduction of SM. More formally, thedF' of devicei can
some of the parameters affecting the device lifetime (i.gye defined as:
SM duration, frequency of sleep cycles) cannot be known in ‘
advance because they are dependent on the specific green sttdF; = Z’n —1— (1= AF'eP)rsleer L yoptr(3)
egy and on the network status (e.g., connectivity, congeesti Vi ~—~—

traffic conditions). In order to understand how green nelwor

operations impact the lifetime of all devices in a netwotk, WhereAFfleep is the AF' experienced by the device when it

leep

is necessary to first model the lifetime variations, as prese s g\ways kept in SM, i.e AF“P = %" \which according
next. ' o

: sleep
The considerations made in Sdcl Il highlighted a cle};\?. [.6] IS ZI}vaysh_lowebrl tf;)anthl. éntwuvel);]AFiSM 1S thel. d
tradeoff between SM duration (i.e., a positive effect mtakl minimum achievable by the gevice when IS applie

by the Arrhenius law([6]) and its frequency (i.e., a negativ%nd the impact of temperature variation is not consid_erhd; T
effect modeled by Coffin-Manson [71.1[8]). More formally,gh parameter depends on the technology adopted to implement

P H sleep : :
overall failure rate of an arbitrary devigein the network can SM of the device: the lower il/7™~, the higher will be the
be expressed in the following way: gain in terms of reliability performancg, is a HW parameter,

) defined asy; = W{h/cycle], which acts as a weight for
i = [(1 _ psleepyjon | psleep, sieep] | fi; [1/h],the frequency of_fhe 'SM cycles. _
N; The acceleration factodF; comprises two terms(l —

impact of S Frequeney  AF;P)771°P tends to decrease the value @ due to

(2) the temperature decrease during SM, whigf/” tends to
where Tflee” is the amount of time spent by the device inincrease the value ofiF; due to the temperature changes
SM (normalized to the time the device is under observatiomaused by the SM cycles. Moreovet,F; is influenced by
~om is the failure rate at full powery*'*” is the failure rate two types of parameters: technological (i.4.5°“*” and x;)
when the device is in SMf!" is the frequency of the SM which are strictly related to the HW used to build the device,

sleep

cycles, andN/" is the number of cycles supported by thend SM-related (i.es; and f!") which instead depend on

7

devices before a failure occurs. The first term in the eqnasio the green strategy used, and on the conditions of the network

IV. ACCELERATION FACTOR: FROM THE SINGLE DEVICE
TO THE NETWORK PERSPECTIVE

Lifetime Increase Lifetime Decrease

Impact of SM Duration



in operation. scenario with 33 Universal Mobile Telecommunication Sgste

Even though the proposed model is a first-order approxim@IMTS) Macro BSs and a Service Area (SA)D2 x 9.2 km?.
tion, it is already useful to draw some interesting condnosi Inside the SA, we assume more than 3000 User Terminals
The design of a device plays a crucial role, i.e., devices tH&JTs) requesting voice and data services. Unless otherwise
are designed to better sustain frequent temperature ieaigat specified, we assume that the maximum data rate for each
are likely to fail less frequently. In addition, the duratiand user is equal to 384 kbps. Moreover, we assume a day-night
the frequency of SM strongly impact the lifetime. Intuitige traffic variation with a deterministic profile over the 24florF
if SM happens frequently, a device experiences frequenepowthis scenario we solve the optimization problem aimed at
state transitions between full power and SM and conseqguenthinimizing the number of active BSs while guaranteeing the
its lifetime will be reduced. required coverage and capacity demand for all the UTs which

Apart from the effects on a single device, an operatare active in each time period. Similarly to the optical case
is mostly interested to evaluate the impact of SM on thee assume the same HW characteristics for all BSs, while
reliability performance of all the devices deployed in thave collect the frequency and duration of each SM cycle via
network. One possibility is to use a metric measuring (psimulation.
each device type) the average value AF', e.g., something )
similar to the AF' metric introduced in[[1]. However, as the” Sleep Mode Duration and Frequency
duration and the frequency of SM periods are not the sameWe first investigate the duration and frequency of the SM
for all the devices, it might also be interesting to look ithe cycles, focusing on the optical scenario. In particular,vargy
best case and worst case scenarios in terméfofor a set of the traffic load between 10 and 420 Erlang. These values are
given devices. The next section presents a detailed cadg stchosen in order to investigate different conditions whére t
of these aspects. network blocking probability does not exceed 10%. Higisa)t.(

(b) report the normalized time in active state and the oefsle
frequency. In particular, given the duration and the oefsle
frequency for each EDFA, we have computed the minimum,

This section evaluates thd F' of a given set of devices maximum and average duration and the on/sleep frequency
when a SM-based green strategy is applied to a network. Twalues. The bars in the figures indicate the confidence ialerv
scenarios are considerg): a backbone optical network usingfor the average values, assuming 99% of confidence level. The
an energy-efficient routing strategy where energy is sayed time in active state (reported in Figl 1.(a)) tends to inseea
setting EDFAs to SM, andii) a cellular scenario where BSswith the load. This is due to the fact that EDFAs need to be
are set to SM when not needed to provide coverage anddor average powered on for a longer time in order to sustain
capacity. Details on each scenario are presented next. the load increase. For load350 Erlang nearly all EDFA are

Backbone Optical Network ScenarioWe consider a green on, since in this case all links are used. Focusing then on
Routing strategy called Weighted Power Aware Lightpatthe maximum values, we can see that for laaf0 Erlang,
Routing (WPA-LR) [13] tested on the COST239 backbonthere are already some EDFAs that are always powered on.
optical network. WPA-LR is able to save energy by encouHowever, focusing on the minimum values, we can see that
aging the routing of incoming lightpath requests over alyea until medium load (i.e.<250 Erlang), there are EDFAs that
used links, thus maximizing the number of unutilized fibeare powered on for less than 10% of the time. This means
links, i.e., maximizing the number of EDFAs that can be put ithat the duration of SM varies depending on the device, and
SM. A detailed description of the algorithm and the topologgonsequently the effect of SM on the device lifetime is not
characteristics is available inhl[1]. the same for all the EDFAs.

Connection requests are bidirectional and their source andFig. [1.(b) reports the maximum, average, and minimum
destination pairs are uniformly chosen among the netwoBDFAs on/sleep frequency values expressed in cycles per
nodes. They arrive according to a Poisson process whilay. Interestingly, the average on/sleep frequency teonds t
their service time is exponentially distributed with an@ge be higher at lower load, due to the fact that WPA-LR only
holding time equal to 6 hours. In order to compute the valwm®nsiders power minimization, while the on/sleep freqyenc
of AF for each EDFA deployed in the network, it is assumeid not taken into account. Consequently, solutions redycin
that all of them have the same HW characteristics, while tipgwer consumption might result in frequent on/sleep cycles
frequency and the duration of each sleep cycle for each EDFacusing on the minimum values, we can see that there are
are collected by simulating the WPA-LR algorithm over th&DFAs which seldom change their power state, resulting in
COST239 network. Simulation results are averaged overfraquency almost close to zero (as expected). These EDFAs
series of 10 experiments, witl)> connection requests in eachare either in full power or in SM for most of the time. Finally,
experiment. we can see that the maximum on/sleep frequency is three

Cellular Scenario. We consider an energy-aware algorithntimes higher than the average for load of 10 Erlang. Thus,
and a realistic cellular deployment scenario, both obthinsimilarly to the duration of SM, also the on/sleep frequency
from [14]. Due to the lack of space, we refer the reademaries considerably among the EDFAs in the network.
to [14] for a comprehensive description. In brief, we copsid Fig. .(c) reports the normalized time in active state and

V. ACCELERATION FACTOR EVALUATION : A NETWORK
LEVEL CASE STUDY
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Fig. 2. Acceleration Factor{F) in the optical scenario: worst F' value (a), averagel F' value (b), and besti F value (c) as a function of and AFsteer
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Fig. 3. Acceleration FactorAF) in the cellular scenario: worst F' value (a), averagel F' value (b), and besti F" value (c) as a function of and AFsteer,

the on/sleep frequency for the cellular scenario. The figurne assumed that all EDFAs or all the BSs, depending on the
presents results for each BS having at least one on/sledp cyrenario considered, have the same HW parameters.

per day (we exclude BSs that are always at full power or in Fig. [7.(b) shows the average values 4f" over all the
SM). Interestingly, also here we can see a variation in theoFAs in the network, considering a load of 150 Erlang.
time in active state and on/sleep frequency, suggesting the red dashed line highlights the level cunté” = 1. The

the impact of SM on the lifetime will not be the same for allegion on the left of this line represents the zone where on

BSs.

B. Acceleration Factor

average EDFAs in the network fail less often when compared
to the case in which the energy-aware algorithm is not used,
i.e., AF < 1. On the contrary, the region on the right is the

Since AF is a function of the HW parameters (i.ec,and zone wheredAF > 1, i.e., EDFAs on average are expected to
AFsteer) we vary them to compute the resulting value ofail more often when compared to the case in which WPA-
AF for all the EDFAs in the optical scenario (Figl 2), and.R is not used. From the figure, it can be noticed that the
for all the BSs in the cellular scenario (Fig. 3). In doing sélW parameters play a crucial role in determining the impact



of an ene_rgy—efﬂment strgtegy |nl terms of average I|fgt|me 1 Spiical Scnario—— ?
decreaselincrease. In particuldid*'“*? has always a positive Cellular Scenario---- ‘

effect on the lifetime, i.e., in SM the operating temperataf 08 J_J'r_r
an EDFA is lower. On the other hand, the frequency weight —
becomes the discriminating factor, meaning that EDFAs whos n 06 Ij ;
x is very high (in this case higher than 2.7 h/cycle) will s
experience on average a reduced lifetime. j’JJ

Besides the average, Fig. 2 reports the worst (a) and the best 0.2
(c) AF values. While computing them we did not consider _JJJ
the EDFAs that are either in SM or in full power all the time 0 —

0.001 0.01 0.1 1 10 100

since they represent trivial cases. In the wotét scenario, the i
Efficient Area [h/cycle]

curve AF = 1 is very close to the y-axis, meaning that SM
will always result in a decrease of the EDFA lifetime. Thisig. 4. cumulative distribution function (CDF) of the size thie efficient
is due to the fact the EDFA under consideration frequent#yea for the optical (Load = 150 Erlang) and the cellular aden
changes its power state, with very short SM intervals. On the

contrary, for the besl F' scenario,AF' is always lower than 1000 Y P —
1 (for the values ofy considered in the figure). This is for 100 Vhverage
example the case of an EDFA that is powered off for a long T 10
time (e.g., it is powered on only in the case of traffic spikes) § N N
resulting in an on/sleep frequency that is very low. g o1 b

Fig.[3.(b) reports the average valueAF’, versus the values S N ]
of the HW parameters, focusing on the cellular scenario. The 3 oot S
red dashed line marks again the cundé” = 1. Also here, m 0001 T L
we can see that there is clearly a tradeoff between the zone in 0.0001
which using the SM option allows for a lifetime increase éare 1e-05

0 0 0 D D %Y%)

to the left) and the zone in which SM impacts negatively the
Load [Erlang]

lifetime (area to the right). Additionally, we report the kgb
(a) and best (cXF' scenarios. In the worst I scenario, the Fig. 5. Maximum, average, and minimum values of the efficient aa

BS AF is lower than 1 fory < 2 [h/cycle]. This means that a function of the load for the optical scenario.

BS exploiting an energy-efficient radio resource managémen

that accounts also for the operating state transition &aqy

will be able to increase its lifetime (assuming a frequenddf the efficient area strongly varies over the set of devices.

weight x < 2 [h/cycle]). In the best scenario (Fifl 3.(c)),Moreover, the larger variation in the optical scenario carep

the AF is always lower than one regardless xaf Similarly to the cellular one is due to the larger number of devices

to the optical scenario, this case represents those BSshwhicluded in the scenario, which increases the chances to put
are normally in SM and are powered on during peak traffie SM the devices in the network. Thus, the impact of SM

periods. on the lifetime of a specific device might be very different,
with some devices that may fail more often and other that may
C. Acceleration Factor Variations increase their lifetime.

It is important to consider not only the average, best, and V& have also investigated how much the load impacts the
worst AF values, but also to understand how tA& varies S'2€ of the efficient area. In particular, Fid. 5 reports aget

over the set of devices in the network. For this purpose Jaaximum and minimum sizes of efficient areas for increasing
introduce the concept oéfficient areadefined as the areavalues of load. It can be observed that the size of the average

in which AF < 1. In other words. the efficient area is theefficient area does not significantly change for values of the

triangular region below the level curéF — 1 in the bottom 102d bétween 40 and 240 Erlang, suggesting that in this

left region of all the plots in Fid.]2 and in Fif] 3. If a deviceregion WPA-LR alway§ trades bet\{V(_aen on/sleep frequency and
operates in that area, then its lifetime will benefit as altesﬁijur""t'on of SM. The size of the efficient area tends to deereas

for higher values of load, since in this case the duration of

Fig.[4 reports the Cumulative Distribution Function (CDF M is Iov_ver (r:'_e'h'Aglorel freq(;lent iM cycles)_i_han(frj_ thereflore
of the size of the efficient area, considering all the EDFA € aréa In whic <1 tends to decrease. The figure also

and BSs deployed in the network for the optical and cellulﬁ_gﬁWs that there is always a not negligible variation betwee

of the SM-based green strategy applied.

scenario. The efficient area value was computed by varyi minimum and the maximum value of thg efficient area for
each value of load (up to 5 orders of magnitude).

the values of the HW parametér$t can be seen that the size~ " . )
Finally, Tab.[Il reports load variations of the size of the

2The ranges of the parameters are sufficiently wide to computpepy  ffiCiENt area in the cellular scenario. More specificallye t
all the areas. load is changed by varying the data traffic requested by each
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be jointly considered. As future work, we plan to extend

our analysis considering the carbon footprint of network

devices and the impact that SM might have on the switching

elements in data center networks|[15]. Moreover, we plan to

collect measurements of the lifetime variations of realicky

supporting SM. Finally, it would also be interesting to deye

green technigues explicitly targeting the maximizationtho#

devices lifetime as well as a more detailed analysis on which

are the components of each device which are more susceptible

to failures when SM is applied.
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