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Abstract

[draft-liu-spring-sr-policy-energy-efficiency-00] describes the
types of energy consunption information, how to collect energy
consunption information, and the framework for path selection based
on energy consunption infornmation.

Thi s docunent el aborates on extending BGP-LS to carry energy
consunption information and transmt it to the controller, enabling
the controller to performrouting cal cul ati ons based on energy
consunption netrics.

Status of this Meno

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

Internet-Drafts are working docunents of the Internet Engineering
Task Force (IETF), its areas, and its working groups. Note that
ot her groups may al so distribute working docunents as Internet-
Drafts.

Internet-Drafts are draft docunments valid for a nmaxi num of six

mont hs and rmay be updated, replaced, or obsol eted by other documents
at any tine. It is inappropriate to use Internet-Drafts as
reference material or to cite themother than as "work in progress."

The list of current Internet-Drafts can be accessed at
http://ww. ietf.org/ietf/1lid-abstracts.txt

The list of Internet-Draft Shadow Directories can be accessed at
http://wwv. ietf.org/shadow htm

This Internet-Draft will expire on Septenber 03, 2025.
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1. Introduction

The i nportance of energy efficiency in nodern networks is
increasingly evident. In addition to reducing the power consunption
of devices, network technol ogi es can be | everaged to redirect
traffic towards energy-efficient devices and paths, effectively

| owering the energy consunption of network comuni cati ons.

[draft-cx-green-green-netrics] described various netrics can be used
to eval uate energy consunption

[draft-liu-spring-sr-policy-energy-efficiency-00] describes how
energy-consunption information is utilized in SR networks. It

el aborates on the use of energy consunption information for path
comput ation in SR networks

The netrics for energy consunption include:

Node Maxi mum Ener gy Consunption: The power consunption of a node at
full load, neasured in watts.

Node Real - Ti me Energy Consunption: The real-time power consunption
of a node, neasured in watts.

Node Maximum Unit Energy Consunption: The power consunption of a
node at full |oad divided by traffic, neasured in watts per gigabyte
(WGB).

Node Real -Tinme Unit Energy Consunption: The real-tine power
consunption of a node divided by real-tine traffic, nmeasured in
watts per gigabyte (WGB).

Node Average Unit Energy Consunption: The change in power
consunption of a node over a neasurenment period divided by the
change in traffic, neasured in watts per gigabyte (WGB).

Interface Maxi mum Unit Energy Consunption: The power consunption of
an interface at full load divided by traffic, neasured in watts per
gi gabyte (WGB).

Interface Real -Tinme Unit Energy Consunption: The real -tinme power
consunption of an interface divided by real-tine traffic, nmeasured
in watts per gigabyte (WGB).
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Interface Average Unit Energy Consunption: The change in power
consunption of an interface over a neasurenent period divided by the
change in traffic, neasured in watts per gigabyte (WGB).

Thi s docunent describes how to extend BGP-LS to carry energy
consunption information and transnmit it to the controller.

1.1. Requirenments Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in
BCP 14 [ RFC2119] [RFCB174] when, and only when, they appear in all
capitals, as shown here.

2. BGP-LS Extensions for energy consunption

2.1. Link Attribute TLV
New Link Attribute TLVs called "Link energy consunption" is
requested from"Link Attribute TLVs" in this docunent for Link
energy consunption associated with BGP-LS Attribute of a Link NLRI.

2.1.1. Interface Maxi mum Unit Energy Consunption

+ R
+ ok

2345 89
i +- -

+ ON

1234567890123
B il i N o

+ O w

789
+- +- +-

-+ o
—

n

7
- 4-
ype L
T T T R ik st st ST TR SR T S S S S T S e g e i o +- - - - -+

Val ue |
S - - - - - - - - - - - - -+

6 12
+- -+ +
I I

456
+- - +-
ength
+- +- +-

+— +— + 00O

Type (2 octets): TBDl1l, Interface Maxi mum Unit Energy
Consunpti on
Length (2 octets): 4.
Value (4 octet): Interface Maxi mum Unit Energy Consunption
val ue range (0 - 4,294,967, 295)
Figure 1: Link Interface Maxi mum Unit Energy
Consunpti on
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2.1.2. Interface Real -Tinme Unit Energy Consunption

+ P
+OoR

2345
S N

+ ON

89 12345
S

+ O w

789 123 789 1
I S A R

-+ o
—

7
- +-
ype L
B T e e e e i R e ot - - -+

Val ue |
B S S e i S S T A S S S S S S i S S

- + O

2
+
I

456
+- 4= +-
ength
+- +- +-

+—+— +00

Type (2 octets): TBD2, Interface Real-Tine Unit Energy
Consunpti on
Length (2 octets): 4.
Value (4 octet): Interface Real-Tine Unit Energy Consunption
val ue range (0 - 4,294,967, 295)
Figure 1: Link Interface Real -Tinme Unit Energy
Consunpti on

2.1.3. Interface Average Unit Energy Consunption

+ R
+ ok

2345 89
i +- -

+ ON

12345 7809
i S S

+ O w

123 789 1
A S S S

-+ o

7
- 4-
ype L
T T T R ik st st ST TR SR T S S S S T S e g e i o +- - - - -+

Val ue |
S - - - - - - - - - - - - -+

6 2
+- +
I I

—

n

456
+- - +-
ength
+- +- +-

+— +— + 00O

Type (2 octets): TBD3, Interface Average Unit Energy
Consunpti on
Length (2 octets): 4.
Value (4 octet): Interface Average Unit Energy Consunption
val ue range (0 - 4,294,967, 295)
Figure 3: Link Interface Average Unit Energy
Consunpti on

2.2. Node Attributes TLVs
New Node Attribute TLV called "Node energy consunption" is requested

from"Node Attribute TLVS" in this docunment for energy consunption
associ ated with BGP-LS Attribute of a Node NLRI.
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2.2.1. Node Maxi mum Energy Consunption

+ R
+oR
+onN

2345 89
T +- +-

+ O w

12345 789 123 789
B +- - +-

-+ o

7 456
- +- +- +- +-
ype Lengt h
B S S e i S S T A S S S S S S i S S

Val ue |
B T S S i S S S it SN SRR DR S

6 12
+- -+ +
I I

+—+— +00

Type (2 octets): TBD4 Node Maxi mum Energy Consunption
Length (2 octets): 4
Val ue (4 octet): Node Maxi mum Energy Consunption val ue range
(0 - 4,294,967, 295)
Fi gure 6 Node Maxi mum Energy Consunpti on

2.2.2. Node Real -Time Energy Consunption

+ R
+ ok

2345 89
i +- -

+ ON

12345
B T

+ O w

7890123 78901
i SN R L

-+ o

7 456
- +- +- - +-
ype Lengt h
I o T e s i s it T e R I i cT I SR S I SR

Val ue |
Bl o T R ik st T o e b i T o S S e S it eI

6 2
+- +
I I

+— +— + 00O

Type (2 octets): TBD5 Node Real - Ti me Energy Consunption
Length (2 octets): 4
Val ue (4 octet): Node Real -Tine Energy Consunption val ue range
(0 - 4,294,967, 295)
Figure 7 Node Real -Ti ne Energy Consunption
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2.2.3. Node Maximum Unit Energy Consunption

+ P
+OoR
+oN

2345 8 9
T +- -

+ O w

12345 7 8 9 123 7 8 9 1
B T o e

-+ o

7 456
- +- +- -+
ype Lengt h
B s e S i R R S R ok i S S N N S

Val ue |
B S S e i S S T A S S S S S S i S S

- + O

2
+
I

+—+— +00

Type (2 octets): TBD6 Node Real -Ti me energy consunption
Length (2 octets): 4
Val ue (4 octet): Real -Tine energy consunption value range (0 -
4,294,967, 295)
Fi gure 8 Node Real -Ti ne energy consunption

2.2.4. Node Real -Tinme Unit Energy Consunption

+ P
+oOR
+oN
+ w

2345 89 12345 789 12 4 789
B T i S i S s i SR S S o +- -+

—H+ o
- + O

7 56

- +- +- - +-

ype Length

B S i ks e S S i i i S S S S e e e e
Val ue |

T T e S S T S S T st S S R S S T ol ST S YN S S

+—+— + 00

Type (2 octets): TBD7 Node Real -Tine Unit Energy Consunption
Length (2 octets): 4
Val ue (4 octet): Node Real -Tine Unit Energy Consunption val ue
range (0 - 4,294, 967, 295)
Figure 9 Node Real -Tine Unit Energy Consunption
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2.2.5. Node Average Unit Energy Consunption

+ P
+OoR
+oN
+ow

2345 8 9 12345 7 8 9 123 7 8 9 1
T L ~up e S A i i S S e

-+ o

7 456
- +- +- -+
ype Lengt h
B s e S i R R S R ok i S S N N S

Val ue |
B S S e i S S T A S S S S S S i S S

- + O

2
+
I

+—+— +00

Type (2 octets): TBD8 Node Average Unit Energy Consunption
Length (2 octets): 4
Val ue (4 octet): Node Average Unit Energy Consunption val ue
range (0 - 4,294, 967, 295)
Figure 10 Node Average Unit Energy Consunption

2.3. BGP-LS Board NLR
For energy consunption information, devices can directly report it
to the controller via BGP-LS. Since the energy consunption data of a
device is typically collected on a per-board basis, this docunent
i ntroduces a new BGP-LS NLRI type, BOARD NLRI, to report board-
related information.
[ RFC7752] defines the NLRI format for BGP-LS.

2.3.1. Board NLRI Type

| Type | NLRI Type

S o m e e e eeao—ooo +
| 1 | Node NLRI |
| 2 | Link NLRI |
| 3 | 1Pv4d Topol ogy Prefix NLRI |
| 4 | I'Pv6 Topol ogy Prefix NLR |

| TBD9 | Board NLRI |
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0

1 2

March 2025

3

01234567890123456789012345678901

S

Protocol -1 D |

i S S T i S S e e i S S S S

I dentifier

(64 bits)

i S S T i S S e e i S S S S

11

Local Node Descriptors (variable)

11

e T S S S e i i S DU S S S S R S T S S

11

Board Descriptors (variable)

11

T I T S S i T T S AR

Fi gure 11: The Board NLRI For mat

2.3.2. Board Descriptors

0

1 2

3

012345678901234567890123456789¢01

i S S T i S S e e i S S S S

Type Length

e T S S S e i i S DU S S S S R S T S S

|
/1

Board Descriptor Sub-TLVs (vari able)

|
11

i S S T i S S e e i S S S S

Li u,

et al.

Figure 12: Board Descriptors TLV For mat
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s s Fommmmea oo +
| Sub-TLV Code Point | Description | Length |
o e e e oo oo o e e e oo Fomm e e e +

TBD10 | Board ID 4 |
s o e e e e S +

A new Board I D Sub-TLV is defined, which contains a 4-byte Board |D.
0 1 2 3
01234567890123456789012345678901
T T i s T b I S S S e o
Type (TBD10) Lengt h=2*n
T S T I Al ol ST SN S S S S S S S S S i S SIS SN S O Y
Board I D

e T S S S e i i S DU S S S S R S T S S

2.4. BGP-LS Board Attributes TLVs
New Board Attribute TLVs called "Board energy consunption" is

requested from"Board Attribute TLVs" in this document for Board
ener gy consunption associated with BGP-LS Attribute of a Board NLRI.
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2.4.1. Board Maxi mum Energy Consunpti on

+ P
+OoR

2345
S N

+ ON

89 12345
S

+ O w

789 123 789 1
I S A R

-+ o
—

7
- +-
ype L
B T T N S Sy S S S S S

Val ue
B S S T i i S it S I S S S Y S

- + O

456
+- 4= +-
ength
+- +- +-

s

+—+— +00

Type (2 octets): TBD1l1l, Maxi mum Energy Consunption
Length (2 octets): 4.

2025

2
+
I

+

+

Val ue (4 octet): Maxi num Energy Consunption val ue range (0 -

4,294, 967, 295)
Fi gure 13: Board Maxi num Energy Consunpti on

2.4.2. Board Real -Tine Energy Consunption

+ P
+oOR

2345
N e

+ ON

8 9 12345
T

+ OWw

789 123 789 1
B T A A e

—H+ o

7
- -
ype L
s T S e s e S S e ot oI TEIE R R

Val ue
T S T T T R it st st TR TR TR T S S R S S it T R et st ST S S R SR o

- + O
~—+

456
+- - +-
ength
+- +- +-

R S

+—+— + 00

Type (2 octets): TBD12, Real -Tinme Energy Consunption
Length (2 octets): 4.
Val ue (4 octet): Real -Tine Energy Consunption val ue range
4,294, 967, 295)
Figure 14: Board Real - Ti me Energy Consunption
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2.4.3. Board Maxi mum Unit Energy Consunption

+ P
+OoR

2345
S N

+ ON

89 12345
S

+ O w

789 123 789 1
I S A R

-+ o
—

7
- +-
ype L
B T e e e e i R e ot - - -+

Val ue |
B S S e i S S T A S S S S S S i S S

- + O

2
+
I

456
+- 4= +-
ength
+- +- +-

+—+— +00

Type (2 octets): TBD13, Maxi mum Unit Energy Consunption
Length (2 octets): 4.
Val ue (4 octet): Maximum Unit Energy Consunption val ue range
(0 - 4,294,967, 295)
Fi gure 15: Board Maxi mum Unit Energy Consunption
consunption

2.4.4. Real -Tinme Unit Energy Consunption

+ P
+OoR

2345
S N

+ ON

89 12345
S

+ O w

789 123 789 1
I S A R

-+ o

7
- +-
ype L
B T e e e e i R e ot - - -+

Val ue |
B S S e i S S T A S S S S S S i S S

- + O
—

4 5
+-+
eng
+-+

6 2

- +- +
h I
+-

+—+— +00

Type (2 octets): TBDl4, Real -Tinme Unit Energy Consunption
Length (2 octets): 4.
Value (4 octet): Real-Tine Unit Energy Consunption val ue range
(0 - 4,294,967, 295)
Figure 16: Board Real -Tinme Unit Energy Consunption
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2.4.5. Board Average Unit Energy Consunption

+ P
+OoR
+oN

2345 8 9
T +- -

+ O w

12345 7 8 9 123 7 8 9 1
B T o e

-+ o
—

7
- +-
ype L
B T e e e e i R e ot - - -+

Val ue |
B S S e i S S T A S S S S S S i S S

- + O

2
+
I

4
+-
e
+

56
+- +-
ngt h
+- +-

+—+— +00

Type (2 octets): TBD1l5, Average Unit Energy Consunption
Length (2 octets): 4.
Val ue (4 octet): Average Unit Energy Consunption val ue range
(0 - 4,294,967, 295)
Figure 17: Board Average Unit Energy Consunption

3. Security Considerations
Procedures and protocol extensions defined in this docunent do not
affect the BGP security nodel. See the "Security Considerations"
section of [RFC4271] for a discussion of BGP security.

Security considerations for acquiring and distributing BGP-LS
informati on are discussed in [RFC7752].

4. | ANA Consi derati ons
4.1. Link energy consunption TLV
A new Link Attribute TLV called "Link energy consunption" is

requested from"Link Attribute TLVs" in this docunent for Link
energy consunption associated with BGP-LS Attribute of a Link NLRI.

o e e e oo o +
| Val ue | Type |
o e e e o o e e e e e e e e oo o - +
| Description | Link energy consunption|
o e e o s Fom e e e e a e e oo +
| Reference | [This Docurent] |
o e e e oo o +

TBD1, Interface Maxi mum Unit Energy Consunption
TBD2, Interface Real -Tine Unit Energy Consunption
TBD3, Interface Average Unit Energy Consunption
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4.2. Node energy consunption TLV

New Node Attribute TLVs call ed "Node energy consunption" is
requested from "Node Attribute TLVS" in this docunent for energy
consunption associated with BGP-LS Attribute of a Node NLRI.

o e e e e oo oo o e e e e e a oo +
| Val ue | TBD6, TBD7, TBD10 |
o e e e e oo o e e e e e e oo oo oo +
| Description | Node energy consunption|
o e e oo s e e e e e oo +
| Reference | [This Docurent] |
o e e e e oo oo o e e e e e a oo +

TBD4: Node Maxi mum Ener gy Consunption

TBD5, Node Real - Ti ne Energy Consunption
TBD6, Node Maxi mum Unit Energy Consunption
TBD7, Node Real -Tinme Unit Energy Consunption
TBD8, Node Average Unit Energy Consunption

4.3. Board NLRI Type

| Type | NLRI Type

S o m e e e eeao—ooo +
| 1 | Node NLRI |
| 2 | Link NLRI I
| 3 | 1Pv4d Topol ogy Prefix NLRI |
| 4 | 1Pv6 Topol ogy Prefix NLRI |

| TBD9 | Board NLRK |

4.4. Board | D Sub-TLV Type

A New Board I D Sub-TLV Type is request from
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| Sub-TLV Code | Description |

o e e e oo oo o e e e oo +
TBD10 | Board ID

s o e e e e +

o e e e oo o +
| Val ue | Type |

o e e e o o e e e e e e e e oo o - +
| Description | Board energy consunption|
o e e o s Fom e e e e a e e oo +
| Reference | [This Docurent] |

o e e e oo o +

TBD11: Maxi mum ener gy consunption

TBD12, nom nal energy consunption

TBD13, Real -tine energy consunption

TBD14, energy consunption change rate

TBD15, Average energy consunption change rate

4.6. |1 GP energy consunption Metric-Type for BGP-LS

Al t hough the Metric-Type val ues advertised in | GP protocols do not need to be

conmpl etely consistent with those advertised in BGP-LS, we recomrend mai ntai ni ng
consistency with the values in | GP protocols when defining new values in BG-LS. This
ensures easi er mappi ng when addi ng new types in the future.

Type Description Ref erence Allowed in
generic-metric

0 | GP Metric [ RFC9350] No
Section 5.1

1 M n Uni di rectional [ RFC9350] No
Li nk Del ay as defined Section 5.1
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