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Abst ract

Wth the continuous growh of business volume, the transm ssion rate
and nunber of network el enents have increased sharply, and energy
consunption of transport network has increased accordingly. Rising
power costs due to significant energy consunption in transport

net wor ks necessitate energy-saving neasures. To address this,

adj usting energy consunption strategi es according to different
service requirements to optimze efficiency, ensuring quality while
elimnating waste. Furthernore, regular network optim zation and
energy efficiency assessnents enhance equi pnent performance and
extend |ifespan, thereby controlling |ong-termoperational costs.

I ntegrating energy-saving concepts into transport network operations
proactively supports sustai nabl e devel opnent.

Thi s docunent presents two transport network | evel GREEN use cases,
aimng to facilitate discussions within the GREEN Wrking G oup on
the potential benefits, challenges, and requirenents. The use cases
follow a structured tenplate that is proposed for all GREEN use
cases, ensuring consistency and conparability across different
scenari 0s.

Status of This Meno

This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute
wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunents valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."
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1. Introduction

The transport network consists of numerous transport network

el ements, whose architecture directly affects energy consunption and

in effect on the date of publication of this docunent.
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i ncl ude Revised BSD License text as
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networ k performance. Meanwhile, different traffic patterns lead to

varying network el enent |oads. The traffic node
adj ustnents of network el enent operations to optimze energy

utilization, ensuring that energy consunption scales proportionally

gui des dynami c

with actual traffic demands, thereby achieving efficient energy
savi ng.

On the one hand,

regul arly network optim zation and conducting energy

efficiency assessnents and optinm zati on can enhance equi pnent

performance and extend their |ifespan,
controlling costs in long-termoperations.
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2

2

increasingly tight energy resources and stricter environmental
requirenents, integrating energy-saving concepts into the operation
of transport network is not only a factor in reducing operating costs
but also a proactive response to the sustainabl e devel opnent.

On the other hand, as services continue to be assured in the
transport network, the energy consunption of equipnent accumul ates
over time, which significantly inpacts operating costs in the |ong
run. Through refined energy-saving strategi es, energy efficiency can
be optim zed w thout conprom sing service quality. By enploying
intelligent traffic nanagenent to dynam cally adjust the energy
consunption of equi prent based on dynam c service demands, not only
can the efficient transport services be assured, but unnecessary
energy waste can al so be avoi ded.

Thi s docunent presents two use cases related to transport network,
aimng to facilitate discussions within the GREEN Wrking G oup on
the potential benefits, challenges, and requirenents. The use cases
follow a structured tenplate that is proposed for all GREEN use cases
[1-D. stephan-green-use-cases], ensuring consistency and conparability
across different scenari os.

Transport Network Level Energy Optim zation
1. Use case description

The transport network consists of numerous devices, and its planning
directly affects energy consunption and network perfornance.

Different traffic patterns lead to differences in device | oads, and
fromthe perspective of the entire network, traffic is unevenly
distributed. Therefore, it’'s crucial to devel op a conprehensive

net wor k-1 evel energy optim zation strategy in view of dynamic traffic
patterns and device capabilities in transport network.

Thi s use case focuses on md-to-long-term strategic network energy
efficiency optim zation for operators. That is, through traffic
prediction, traffic nodel optimzation, traffic scheduling, and

adj ustnent of device operating status, and energy consunption is
positively correlated with actual traffic demand, thereby achieving
| oad bal ancing and resource utilization optim zation, inproving the
energy-savi ng potential of network el enments, and achieving efficient
ener gy savi ng.
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| Transport Network Controller |

| Traffic Prediction -> Network Optimzation -> Eval uation |

Figure 1: Network-level GREEN framework for transport network

As shown in the figure above, network-level CGREEN is |ocated on the
controller for centralized policy generation and gl obal scheduling,
and the network el enents perform specific energy-saving operations at
the | ocal

First, network-level traffic prediction is perforned based on
historical traffic data obtained fromthe network. The transport
networ k el ements process the original per-second neasurenent data and
aggregates it into 15-mnute time intervals to report to the
controller.

Secondl y, based on the traffic nmonitoring fromnetwork el ements, the
controller captures the long-termregularity and short-term burst
characteristics of network-level traffic through the neural network
model in advance. The traffic prediction nodel enbedded in the
control |l er generates updated predictions to achieve near real-tine
perception. Based on the traffic |oad prediction results, the
controller identifies high-load network el ements (NEs) and idle NEs.
The controller then formul ates energy-saving traffic mgration
network optim zation strategies.

Finally, by migrating traffic fromhigh-load NEs to idle NEs, sone
swi tching resources of high-load NEs can be released to enter a
dormant state, saving power consunption; while idle NEs can carry
more traffic with the support of the existing switching matrix

wi t hout increasing power consunption, thereby reducing the overal
energy consunption of the transport network.
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2.2.

2. 3.

3.
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GREEN Specifics
Net wor k Level MNbnitoring

* The transport network el ements process raw per-second traffic
measur enents, aggregating theminto 15-mnute intervals for
reporting to the controller

* The controller perforns network-Ilevel traffic prediction based
on historical. This capability captures both |ong-term
regular "tides" and the short-term"burst" characteristics.
Based on traffic prediction results, energy-saving
opportunities are able to be identified. (e.g. This
capability allows for the detection of significant reductions
intraffic within a specific time w ndow, thereby enabling the
devices to transition into a sleep/lower-power state).

Centralized Strategy Generation and d obal Scheduling

* The controller identifies high-load and idle network el ements
based on results of traffic prediction and historical data,
and devel ops traffic mgration and optinization strategies.

* By mgrating the traffic fromhigh-load NEs to idle NEs, sone
fabric resources are freed to sleep for power saving, while
the idle NEs can hold nore traffic w thout power increasing
supported by the existing switch fabrics at work.

Requi renents for GREEN

The controller has the ability to display energy consunption per
transport network elenent at specified time granularity.

The controller has the ability to perform accurate network-I|eve
traffic prediction, capturing both long-termregularities and
short-termbursts, using historical traffic data.

The controller has the capability to generate GREEN optim zation
strategies including the traffic migration nethods based on
traffic forecasts, operating on defined planning cycles.

Di versified Service Assurance with GREEN

et al. Expi res 8 January 2026 [ Page 5]



I nternet-Draft transport network |evel use cases July 2025

3.

3.

3.
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3.

Use case description

The transport network handl es nassive optical signals and fabric
swi tching, which requires high bandwi dth and | ow | at ency, and al so
incurs significant energy consunption. |In order to efficiently
manage the transport network, it’'s necessary to integrate energy
saving factors into service assurance. This use case ains to achieve
differentiated energy saving without affecting the quality of
service. Specifically, services with general service quality
requirenents try to use | ow power devices and |inks; services with
hi gh service quality requirenents use relatively safe energy-saving
strategies to reduce power consunption while naintaining service
requirenents.

GREEN Speci fics

* Service assurance with energy efficiency: Energy efficiency
factors can be taken into account in processes during service
provisioning, in conbination with the client’s SLA and avail abl e
underlying hard isolation resources. The transport network
el ement reports its energy consunption. The controller eval uates
the possi bl e energy consunption during the service |ifecycle.

* Control and Managenent: Local automatic energy saving can be
processed on the network elenent, if enabled. It identifies
power - consum ng conponents that can be turned off or reduced based
on configuration and traffic information. This nay depend on the
energy-savi ng object, such as the PHY, link, etc. |If thelink is
consi dered, deactivate the link or reduce the bit rate supported
by l'ink during periods of |ow demand are possi bl e approaches for
energy saving. This may al so needs the coordi nati on between both
the digital |layers and the nedia |ayer.

Requi renents for GREEN

* The transport network elenent has the ability to nmeasure and
report its energy consunption.

* The controller has the capability to consider energy efficiency
factor in the multi-layer resource allocation during service
assurance lifecycle.

* The network el ement capability interacted between controller and
transport network el enent nust be considered, especially the
ener gy-savi ng object, and the energy-saving capability.
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4.

Depl oynment Consi derati ons

In the field trial involving 1966 conmmrercial network el enments traffic
data prediction, the network-level optimzation strategy provides a
power reduction of 7.7%for the whole network and up to 20.8% for the
single network el ement node with service quality guaranteed. This
docunent fully verifies the potential of network-I|evel energy-saving
technol ogy, denonstrating an effective approach for sustainable

| arge-scal e transport network operations.

Security Considerations

A general principle is that the nore significant the energy savings,
the slower the nodul e response time and the |onger the wake-up del ay,
whi ch may inpact service performance.

To address this, the following itens should be considered:

1. Power state configuration aligned with service tol erance: During
lowtraffic periods (e.g., nighttime), idle Iine cards/standby
mai n control units can enter deep sleep node for nmaximum energy
savings. During peak hours (e.g., daytine), a light sleep node
shoul d be adopted to enable faster wake-up and mnimze service
di srupti on.

2. Resource reservation for reliable energy efficiency: In the
transport network, the total bandw dth utilization of a network
network elenment is primarily determined by the aggregate traffic
across its ports. However, in practice, the avail able capacity
cannot be entirely assigned to user traffic, as a portion of the
bandwi dt h must be reserved for protection switching, rerouting
operations and control plane overhead. It ensures the network
reliability during network anomalies or congestion events.

So redundant resources should be reserved to accomvpdate scenari os
like protection switching at failure cases. This guarantees service
reliability while maintaining energy-saving benefits.
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