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Sommario—This paper proposes a novel scheme which can Formerly, sleep mode and adaptive line rate have been
efficiently reduce the energy consumption of Optical Line Temi-  proposed to efficiently reduce the power consumption of
nals (OLTs) in Time Division Multiplexing (TDM) Passive Optical ONUs by taking advantages of the bursty nature of the trafffic a

Networks (PONs) such as EPON and GPON. Currently, OLTs ) - . .
consume a significant amount of energy in PON, which is one of the user side [9]=[13]. Itis, however, challenging to inluoe

the major FTTx technologies. To be environmentally friendy, it ~sleep” mode into OLT to reduce its energy consumption for
is desirable to reduce energy consumption of OLT as much as the following reasons. In PONs, OLT serves as the central

possible; such requirement becomes even more urgent as OLT access node which controls the network resource access of
keeps increasing its provisioning data rate, and higher dat rate ONUs. Putting OLT into sleep can easily result in service

provisioning usually implies higher energy consumption. h this . . . . )
paper, we propose a novel energy-efficient OLT structure whh disruption of ONUs in communicating with the OLT. Thus, a

guarantees services of end users with the smallest number of Proper scheme is needed to reduce the energy consumption of

power-on OLT line cards. More specifically, we adapt the numier  OLT without degrading services of end users.

of power-on OLT line cards to the real-time incoming traffic. In this paper, we propose a novel energy-efficient OLT struc-

Also, in order to avoid service disruption resulted by poweng  y,re which can adapt its power-on OLT line cards according

off OLT line cards, proper optical switches are equipped in QT . . . - . .

to dynamically configure the communications between OLT lire to t_he real-time arrival trafflc_:. To avoid Serylce degradati

cards and ONUSs. during the process of powering on/off OLT line cards, proper

devices are added into the legacy OLT chassis to facilitthte a

|. INTRODUCTION ONUs communicate with power-on line cards. To the best of

our knowledge, this is the first work focusing on reducing the
As energy consumption is becoming an environmental agflergy consumption of oLft

therefore social and economic issue, green Information and
Communication Technology (ICT) has attracted significarlf. FRAMEWORK OF THE ENERGYEFFICIENT OLT DESIGN

research attention recently. It was reported that .In.ternetmthe central office, one OLT chassis typically comprises of
consumes as much as 1% — 2.5% of the total electricity mytiple OLT line cards that transmit downstream signald an
in broadband enabled countriés [1]-[3], and currently and jgcejve upstream signals at different wavelengths. Eagh li
the medium term future, the majority of the energy of Int¢me@5yq communicates with a number of ONUs. Two wavelengths
is consumed by access networks owing to the large quantif the uplink and the downlink are assigned to each ONU. In
of access nodesl[4]. the currently deployed EPON and GPON systems, one OLT
Energy consumptions of access networks depend on {fis card usually communicates with eitheé or 32 ONUs
access technologies. Among various access technologd@g such an arrangement is referred to as a PON segment. To
including WIMAX, FTTN, and point to point optical accessayoid service disruptions of ONUs connected to the central
networks, passive optical networks (PONs) consume the-smgtkice, all these OLT line cards in the OLT chassis are usually
lest energy per transmission bit attributed to the proximifower-on all the time. To reduce the energy consumption of
of optical fibers to the end users and the passive natydT, our main idea is to adapt the number of power-on OLT
of the remote node[[5]. However, as PON is deploygghe cards in the OLT chassis to the real-time incoming teaffi
worldwide, it still consumes a significant amount of enegy.  There are two types of subscribers that each network serves;
is desirable to reduce the energy consumption of PONSs singgsiness subscribers and residential subscribers. Bissared
every single watt saving will end up with overall terawatfesidential areas are usually disjunct. It is more likebttBach
and even larger power saving. Reducing energy consumptisdN segment serves either business customers or resldentia
of PONs becomes even more important as the current P@pkstomers. These two types of customers have differeffictraf
systems evolve into next-generation PONs with increaseal dgrofiles. Business users demand high bandwidth during the
rate provisioning([6], {7]. day and low bandwidth at night while residential customers
In PONs, energy is consumed by optical line terminal (OLTequest high bandwidth in the evening and low bandwidth
and optical network units (ONUs). Owing the large quantityuring the day.
ONUs consume a large portion of the overall PON energy puring the day time, residential segments are lightly laade
[8]. Although OLT consumes a less amount of power thapherefore, one OLT line card can serve several residential
the total aggregated ONUs, one OLT line card does consug@ments. In the similar way, the traffic from the business
a much larger amount of power than one ONU. Reducirggments can combined to traverse a smaller number of line
energy consumption of OLT is as important as reducingrds in the evening.
energy consumption of ONUs especially from the operators’ Business and residential segments usually have low band-
and home users’ perspectives. For the network operatqfgdth demands during the midnight. In these situations, the
decreasing the energy consumption of OLT can significantfyhole network is lightly loaded. In order to save energy,
reduce the energy consumption of the central office, whi{fBe number of line cards can be reduced based on the traffic
decreasing the energy consumption of ONUs has small apglume.
likely negligible impacts on that of home users who have parameters of the proposed model are notated below:
many other electrical appliances with much higher energy
Consumption. 1The preliminary idea was first presented at Sarnoff2011. [14]
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Figura 1. OLT with optical switches

C,: Data rate of one OLT line card in the upstreamealize the dynamic configuration of OLT as will be presented

direction. next.
Cy. Data rate of one OLT line card in the downstream
direction. 1. OLT WITH OPTICAL SWITCH

L: Total number of line cards (PON segments). To dynamically configure the communications between OLT

N;: Number of ONUs connected to PON segmgnt line cards and ONUs, one scheme we propose is to place
T Fixed traffic cycle in TDM PON. an optical switch in front of all OLT line cards as shown in
uij(t): Arrival upstream traffic rate from ONW of PON  Fig[] (a). The function of the optical switch is to dynamigal
segment; at timet. configure the connections between OLT line cards and ONUSs.
dij(t): Arrival downstream traffic rate to ONW of PON  \when the network is heavily loaded, the switches can be
segmentj at timet. configured such that each PON system communicates with

I(t): smallest number of required OLT line cards at time gne OLT line card.

By powering on all the OLT line cards, the overall upstream as discussed in Sectiofi] Il, when the network is lightly
data rate and downstream data rate accommodated by the Q4dyed, the switches can be configured such that multiple
chassis equal t0',- L andCy- L, respectivelyC',- L (or C4-L)  pON systems communicate with one line card. Then, some
may be greater than the real-time upstream (or downstreaf))T |ine cards can be powered off, thus reducing energy

traffic. _ consumption.
The traffic rate of each segment cannot be more than theasgyme the energy consumption of the optical switch is

provisjoned capgcity of the dedica.te(.j fiber. Therefore, trheeg"gime_ As compared to the scheme of always powering
following constraints have to be satisfied for any segment ;211 7, line cards, the scheme of powering on ofly) line

N; cards at time can achieve relative energy saving as large as
Zui,j (t) < Cu l(t)

i=1 1— 22

N; L

Zjdi,j(t) <Oy t Then, the average energy saving over time spaaquals

- 0

- 1T -

dt

The real time incomin% upstream and downstream traffics T i
. L ; L N, =

are defined asy ;| 77 wi;(t) and 3207, > di (), _ e _

respectively. Then, We define the traffic load as the maximum of upstream and

downstream traffic loads to determine the required number of

L N; L N, - '
1(t) = max([D > uij(1)/Cu] 1YY dij()/Cal) line cards: ) )
Jj=11=1 j=1i=1 L N; L N,

Our ultimate objective is tpower on only [(t) OLT line load = mal’(z Zui-ﬂ'(t)/C“L ’ Z Z di;(t)/CaL)
cards to serve allN ONUs at a given time’ instead of powe- g=1=1 g=1=1
ring on all L line cards. However, powering off OLT line cardsThe process of changing the switch configuration is time
may result in service disruptions of ONUs communicatingonsuming, frequent change of each line card’s status may
with these OLT line cards. To avoid service disruption, pewedegrade the ONU performance. Since the traffic of the ONUs
on OLT line cards should be able to provision bandwidth to &l also bursty and changes dynamically, it is more efficient
ONUs connected to the OLT chassis. To address this issue, twenonitor the traffic for an observation period) before
propose several modifications over the legacy OLT chassisdoanging the switch configuration.



If the traffic load of the network remains below a threshold Denotep(s) andp(l) as the power consumption of optical
for Tp, the number of line cards will be adjusted accordinghgwitch and one OLT line card, respectively. By incorporgtin
By dynamically configuring switches, the number of power-oconsidering the energy consumption of the optical swithhb, t
OLT line cards is reduced fromy to 2 when the traffic load power consumption of the proposed OLT chassis at any given
falls betweenx —1)/L andx/L for a period ofTy. Thus, a time ¢ equals to
significant amount of power can be potentially saved. p(l) - 1(t) + p(s)

Fig. I (b)-(e) illustrates the configuration of switches fo o
the case that one OLT chassis contains four OLT line car(h?nce’ the energy saving is reduced to
The number of power-on OLT line cards is reduced from four p(1))T ftT_O 1(t)dt + p(s)
to three, two, and one when the traffic load falls within the I- I;(l) I
range[50%, 75%], [256%, 50%)], and [0, 25%)], respectively. _

By equipping the OLT chassis with proper optical switche;,he proposed OLT chass_ls can save some energy as Qompared
the communications between OLT line cards and ONUs cif the legacy OLT chassis when the power consumptiGn
be dynamically configured. The new OLT structure appea?& the optical switch satisfy the following condition

to be promising and cost-effective as compared to the WDM 1 [T
based solutions. p(s) < (L -7 /t_ol(t)dt) -p(l)
IV. OPTICAL SWITCH SPECIFICATIONS The power consumption of optical switch differs from the

Configuration time of the optical switches and power corfWitch size as well as the manufacturing technology. It is
sumption of each switch are two main specifications thigported that one x 2 optomechanic switch consumes around

should be considered in the analysis. 0.2 w [17], while an OLT line card consumes aroufidw
[18]. Then, for theL = 2 case, energy can be saved as
A. Switch configuration time long as the average number of power-on OLT line cards

Switches take time to change configurations. The switc,%lftT:ol(t)dt is less thanl.96. This condition can be easily
reconfiguration time may affect the ONU performances whé&#tisfied. Therefore, even considering the power consompti
powering on/off OLT line cards. We investigate the impactef optical switches, the proposed OLT structure can still
of the switch reconfiguration time on EPON and GPONachieve a significant amount of power saving as compared

respectively. to the legacy OLT.
o EPON: We argue that services of EPON ONUs are not V. SYSTEM MODEL
affected when the switch configuration time is as large . .
as50 ms We employ semi-Markov chains to analyze the system.

. L ifferent observation periods have been considered for de-
In EPON, the upstream bandwidth allocation is controllela P

. ) : creasing and increasing the number of line cardsy is
by OLT. ONUs transmit the upstream traffic using thﬁﬁe observation time period for decreasing the number of

allocated time durations stated in the GATE message... . | . . . .
IEEE 802.3ah[[15] specifies that ONUs need to se%a tive line cards.T; is defined as an observation period for

o . . increasing the number of line cards. In order to ease the
GATE messages eveby) ms to maintain registration even 9

. ! : ) nalysis, from now on, the formulations are based on the
if they do not have traffic to transmit. Thus, the d|srupte§ y ) . .
ownstream traffic only. Poisson processes with the average

fﬁévg'ng::"r?eeczi? bi;{%‘:ls‘zizn.tstoasITaOrNeO%U;SWhergte of \, packets per second is assumed for downlink packet
SwWi fgurati ! 'S 9 " arrivals. A fixed traffic scheduling cycle is assumed in the
which can be satisfied by most optical switches. erformance analysis. Considé,(«,T) as the probabilit
o GPON: We argue that services of GPON ONUs ar ysIS. ’ b y

. : ) fhat o downstream packets arrive at the OLT chassis durin
not affected when the switching time is no greater thaiq tr;ﬁc scheduling r::ycle' g

125us.
For GPON, ITU-T G. 984.316] specifies a fixed frame Pu(a,T) = =T (A1)

length of 125us. An ONU receives downstream control o a!

messages and sends its upstream data or control traffidThe same process can be considered for uplink packet
every GPON frame, i.e., 12us. Therefore, servi- arrival in the case of having downstream and upstream traffic
ces of GPON ONUs are not affected when the switckimultaneously.

configuration time is no greater thd25us. .
A. OLT chassis state

B. Power consumption of optical switches In the defined Markov chain model, the total number of
So far, we have not considered the impact of the powactive line cards vary from to L. Therefore, there aré
consumption of optical switches on the saved energy of Olgossible states of active line cardsd; represents active
chassis. Optical switches consume some power, and time cards. Transition from each active state to anothevect
nonzero power consumption of optical switches may redustate should be done through the listening states. There is n
the saved energy of the OLT chassis. direct transition between active states. There are twemifft



Figura 2. State transition in Markov chain.

types of listening stated) (listening states for decreasing the  thanmin = [iC,;/Packet Size|. The probability equals

number of line cards) and (listening states for increasing the ~ to > °7 . P,(«a,T).

number of line cards). Figufd 2 shows the state transitions. « State transitions fronD; ;_1(j) to A; for i = 2,..,L
D, ;—1(j) refers to the state that the total traffic load of the and j = 1,..., M happen when the number of arrival

OLT chassis remains belowy L for j cycles. The number of packets in a traffic scheduling tim& is greater than
active line cards during/ = Tp/T time cycles remains as min = [(i — 1)Cq/Packet Size], which is equals to:
i line cards. If the traffic load goes higher thaf. amount oo in Pa(a, T)

during a traffic scheduling cycle, the transition 4 occurs. o State transition fromA; to itself happens when the
Otherwise, the transition fronD;;_1(j) to D;;—1(j + 1) number of arrival packets in a traffic scheduling tiffie

happens. Whenever the number of listening cycles reaches remains betweemin = |(i — 1)Cy/Packet Size] and
to M, the OLT chassis switches to the next lower active state max = [iCy/Packet Size]. The probability is equal to
(Ai-1). > tvemin Fale, T).

I, ;+1(k) refers to the state that the total traffic load of the .
OLT chassis remains abovgL for k time cycles. The number C- Steady state probabilities
of active line cards duringV = 77 /T remains ag line cards.  Denote P(4;), P(D;i-1(j)) (i = 2,..,L j = 1,..., M),
The excess amount of the traffic will be buffered duriyg If and P(Z; ;41(k)) (i = 1,..,L —1; k = 1,...,N) as the
the traffic load becomes lower thanZ amount during a traffic probability of the OLT state when the network is at its steady
scheduling cycle, the transition td; occurs. Otherwise, the state. Therefore, the following constraints are satisfied.
transition fromI; ;1 (k) to I; ;.1 (k + 1) happens. If the total ~ Steady state probabilities of all the active states exdépj
traffic load stays beyond the defined threshaldZj for N and A(L) are as follows:
traffic scheduling cycles, the OLT chassis switches to thé ne

upper active stateA ). P(A)[pr{Ai=Di i1 (1)} + pr{di—=Lii+1(1)}]
B. State transitions =D P(Liiga(k)pr{Liis1 (k) = Ai}]
« State transitions fromd; to D; ;_1)(1), D i—1)(j) to k=1

D(i,i—l)(j + 1), or from D(i,i—l)(M) to Aifl fOTi = + P(Ii—l,i(N))pr{Ii—l,i(N) — AZ}
2,.,L and j = 1,...,M — 1 happen when the traffic M
load in a traffic scheduling timé is less thar(i —1)/L. + Y P(Dii1(§))pr{Dii-1(j) — Ai}
Therefore, the probability that the number of arrival j=1
packets is smaller thamax = | (i —1)Cq/ Packet Size] +P(D —i+1,i(M))pr{Djs1,:(M) — A;}
equals to:3_ "% Pu(a, T). (i=2..,L-1) @)

« State transitions fron; ;1 (k) to A; fori=2,..,Land
k =1,...,N happen when the number of arrival packets Steady state probability of; is calculated as follows:
in a traffic scheduling timel’ is smaller thanmax =
|iCa/ Packet Size|, which is equals t03""% P, (a, T) P (Ali)pT{Al = Li2(1)}

o State transitions fromi; to I(; ;11)(1), from I; ;11 (k)
to I(; ;1) (k + 1), or from I(:Hl)ZN) to Aiﬂ( for)i = = Z P(ha(K)priliz(k)— A}
2,..,Land k=1,...,N —1 happen when the number of k=1

arrival packets in a traffic scheduling tin# is greater + P(D2,1(M))pr{Ds,1 (M) — A1 } )



Steady state probability of;, is acheived as follows: D. Performance analysis

P(AL)prAL — Drp—1(1) Denotep(l) as the power consumption of one OLT line
" card andP(A;), P(D;i—1(3)) (i = 2,..,L j = 1,..., M),

and P(l; ;+1(k)) (¢ = 1,..,L —1; k = 1,..,N) as the

probability of the OLT state when the network is at its steady

M
= P(Dp1()pr{Dr.L-1(j) = A}
= state. Therefore, the average power consumption equals to:

- P (N)pr{P(I 1 n(N) = AL} (3)

L M L—-1 N
~ Steady state probability of listening statelS) except the p(l)[z z‘p(Ai)JrZZip(Di_j,l(j)HZ Zz‘p([i,i+1(k))]
first and last states are as follows: i=1 i=2 j=1 i=1 k=1
P(Di;i-1(5))[pr{Di,i-1(j) = Dii—1(j + 1)}
4 pr{Diioi() = A VI. COST REDUCTION
—P(D; i;l(j —1))priDii(j — 1) =Dy (G} A. OLT with cascaded x 2 switches
(i=1,.,L)&(=2,....M—1) () Another problem with optical switches is their high prices.
The prices of optical switches vary from their manufactgrin
Steady state probability ab, ;_1(1) equals to: techniques[[19]. At present, there are generally four kinds

of optical switches: opto-mechanical switches, micrecete

P(Dsi—1(1))[pr{Dsi-1(1) = Dii-1(2)} mechanical system (MEMS), electro-optic switches, and se-

+pr{Dii-1(1) = Ai}] miconductor optical amplifier switches. Currently, the apt
= P(A)prd; = D;;-1(1)(i=1,..,L) (5) mechanic switches are less expensive than the other three
- . kinds. Simply because of their low prices, opto-mechanic
Steady state probability ab; ;1 (M) is as follows: switches are generally the adopted choices in designing
Disr (M) [pr{Disr (M) — A;} energy-efficient OLT.

For opto-mechanic switches, an important constraint is the
+pr{Dii1 (M) = A; — 1}] limited port counts. Popular sizes of opto-mechanic sveisch
=P(D;;-1(M—=1))pr{D; ;—1(M—1}=D;;_1(M)} (6) arel x 2 and2 x 2. Considering the port count constraints,
we further propose the cascad2d 2 switches structure to
achieve the dynamic configuration of OLT. More specifically,
to replace anV x N switch, the cascadezix 2 switch contains
(L1 (6) [pr{Tiis1 (k) — A} + logy stages andN — 1) 2 x 2 switches. FigLB (a) illustrates

the proposed cascaded switches. In the switch ithestage
priliiv1(k) = Liiy1(k+1)}] contains2*—1) switches.

The following is the steady state probability of the listemi
states/ except the first and last states:

= P(Liit1(k = 1)pr{liit1(k = 1) = L1 (k)} Fig. [@ (b) shows a two-stage cascaded 2 switches to
(i=1,....L)&(k=2,..N—1) (7) replace at x 4 switch. As illustrated in FiglJ3(c)-(e), when the
- ] traffic load is greater thab0%, one PON system is connected
Steady state probability of,;11(1) is as follows: with one OLT line card; when the traffic load is betwei¥%
P(Lii1 (1) [pr{Liiy1 (1) — Ai} andE?O%, two PON systems are connected with one OLT line
card; when the traffic load is less thah%, all PON sytems
+oriliinn (1) = Liir1(2)}] are connected with a single OLT line card.

= P(A))pr{di — Li,i+1(1)}(i=1,...,L)  (8) Here, we analyze the saved energy of the proposed OLT
equipped with cascaded switches. Assume the traffic is
uniform among all ONUs. Then, when the traffic load is
P(Li i1 (L) [pr{L;.is1(L) — A;} between50% and_lOO%, all OLT line cards need be power-
+ pr{Tisan (L) — Air)] on; When the traffic load is betwe@5% and50%, half of the _

’ o OLT line cards are powered on. Generally, when the traffic
= P(Liipr (L= 1))pr{liipa (L =1) = Ti,i+ (L)} (9)  |oad is betweent /2 and1/2F+1, 1/2% of the OLT line cards

Moreover, the sum of the probabilities of all the states re power-on. Therefore,

Steady state probability af; ;+1 (V) is obtained as follows:

equal tol, i.e.: 1/28 < load < 1/2*
L L M N
) k=11 1/load
S PA)+ 3N P () + 33 P(Laa (k) = 1 [log, (1/10ad)]
i=1 i=1 j—1 i=1 k=1 I(t) = 1/2“0g2 (1/load)]
(10)

The saved energy equals to
Therefore, the steady state probabilities of all the state ¢ gy &4

be calculated by solving the above equatibiis]i-10. 1 — 1/2llo82 (1/load)]
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Figura 3. OLT with multi-stage cascaded switches

As compared to the OLT with aly x N switch, the OLT with more active line cards to support the arrival traffic. Whea th

cascade@ x 2 switches saves a less amount of energy.  arrival traffic is less thari0Gb/s, one line card is sufficient
Note that the typical switching speed of the opto-mechdnida satisfy the traffic and the othé&rline cards are shut down.

switch is around ms. As discussed before, it does not affectherefore, the maximum energy saving is achieved.

the performances of users in EPON, but may have impacts orBefore decreasing the number of OLT line cards, the OLT

the performances of users in GPON. chassis needs to monitor the traffic for the maximumi\oéf
listen cycles. Figuré 4(p) shows the effect of changing the
VIl OLT WITH ELECTRICAL SWITCHES number of M on energy saving. With the increase of M,

Another scheme of avoiding the significant cost increasetise OLT chassis needs to keep a larger number of line cards
to use electrical switches instead. However, before aggireg active for the time duration ai/ - T'. Thus, the energy saving
traffic using electrical switches, the optical transcesvare decreases by increainy.
required to convert the optical signals into electricahsig. N is the maximum number of traffic cycles during which
Thus, only the energy consumption of the electrical partnin @ahe OLT chassis needs to monitor the traffic before incregasin
OLT line card can be saved. The energy saving is limited #s number of line cards. With the increase/éf the energy
compared to the scheme of using optical switches.pl€tbe saving increases as the number of active line cards is smalle
the energy consumption of the electrical part of an OLT linir the total duration ofV - T'.
card. Then, the average energy saving of the OLT equippedVe also study the performance of the proposed scheme

with an electrical switch equals to: for non-Poisson traffic. Since the actual network traffichwit
1(t) - ple) b_ursts is s_elf-s?milar, we conduct our simulation for self-
1— =7 similar traffic with the Hurst parameter ©f8. The packet
L-p() length is uniformly distributed betweefd bytes and1518
The efficiency of energy saving of this scheme depends on tintes.
ratio p(e)/p(1). As it can be seen in Figufe 5[a), the trend of energy saving
performance by increasing the traffic load for self-similar
VIIl. PERFORMANCE EVALUATION traffic is similar to that of the Markov model for Poisson

In this section, we study the performance of the sledmffic.
control scheme of the OLT line cards for Poisson and non-Figure[5(0) shows the impact of differedf listen cycles
Poison traffic. In the Markov chain model, we consideon the system performance. Similar to the theoretical amly
Poisson traffic arrival for the ease of analysis. The totaf Poisson traffic, energy saving decreases as the number of
number of line cards is assumed to bevith the capacity of listen cycles increases. However, increasing ffiecycles
10Gb/s for each line card. The time duration of each traffibelps saving more energy. As mentioned earlier, during “I”
scheduling cycle is considered to beus. listen cycles, the OLT chassis receives traffic load mora tha

Figure[4 depicts the numerical results of the Markov modéhe available line cards. Before increasing the number of
In Figure[4(@), the energy saving performance under differdine cards, the OLT chassis needs to monitor the traffic for
traffic arrival rates is illustrated. We assume that the mmaxn N cycles. During theses cycles, the number of line cards
number of “D” listen cycles /) as well as the maximum stay the same, and the OLT buffers the extra traffic. The
number of “I” listen cycles V) equal to2. The arrival traffic buffered packets encounter some delay as depicted in Figure
is increased up td0Gb/s. With the increase of traffic arrival,[5(C). Therefore, proper setting df needs to be considered
the energy saving decreases as the OLT chassis need to hawave energy without impairing the QoS of the users.
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IX. CONCLUSION

We have proposed a novel energy-efficient OLT structure
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Multimedia Communicationgol. 2, no. 4, 2008.

Energy saving for self-similar traffic.

(c) Energy saving and delay véV listen cycles

which adapts its power-on line cards to the real-time alrivga] J. Baliga, R. Ayre, W. Sorin, K. Hinton, and R. Tucker, ‘&uny

traffic. Specifically, we have added a switc

OLT chassis to dynamically configure the connection between

OLT line cards and ONUs. We first describe
with an N x N switch, and investigate the imp

consumption of the optical switch and switch configuratio
time on the saved energy of the whole OLT chassis. Then,
to avoid a dramatic cost increase, we advocate the use of
opto-mechanical switches among all currently commergiall
available switches, and further propose to use a cascaded

switch structure. Our analysis demonstrates that the jgexbo

h into the legacy

an OLT equippegk
acts of the power

consumption in access networks,” @ptical Fiber Communication
Conference and Exposition and The National Fiber Optic Begis
Conference 2008.
C. Lange, M. Braune, and N. Gieschen, “On the energy ocomsion of
FTTB and FTTH access networks,” Mational Fiber Optic Engineers
Conference 2008.
6] J.Zhang, N. Ansari, Y. Luo, F. Effenberger, and F. Ye, ¥iNgeneration
PONSs: a performance investigation of candidate architestfior next-
generation access stage 1FEE Communications Magazineol. 47,
no. 8, pp. 49-57, August 2009.
1 N. Ansari and J. Zhangyledia Access Control and Resource Allocation
for Next Generation Passive Optical Netwarl&pringer, ISBN: ISBN:
978-1461439387, 2013.

OLT achieves significant power savings as compared to thH8&l J. Zhang and N. Ansari, “Towards energy-efficient 1G-BP@nd

legacy OLT.
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