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Abstract

[draft-liu-spring-sr-energy-consunption-00] describes the types of
energy consunption information, how to collect energy consunption
informati on, and the framework for path sel ection based on energy
consunption information. This docunent further details the process
of using the PCEP protocol for energy consunption based path
requests.

The Path Conputation El enent Communi cation Protocol (PCEP) provides
mechani sms that enabl e Path Conputation Elenents (PCEs) to perform
path conputations in response to requests from Path Conputation
Clients (PCCs).

Thi s docunent describes the extension to PCEP for conveying |ink
energy consunpti on and node energy consunption, allow ng path
conmput ati on based on these energy consunption infornmation.

Status of this Meno
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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 maxi 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
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I ntroduction

[draft-cx-green-green-netrics] describe nmultiple netrics that can be
used to nmeasure the energy consunption.

[draft-liu-spring-sr-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 conputation in SR
net wor ks.

The netrics for energy consunption incl ude:

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

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

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

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

Node Average Unit Energy Consunption: The change in power
consunption of a node over a neasurenent 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, nmeasured in watts per
gi gabyte (WGB).
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Interface Real -Time Unit Energy Consunption: The real-tinme power
consunption of an interface divided by real-tine traffic, measured
in watts per gigabyte (WGB).

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).

A Path Computation Client (PCC) can request a Path Conputation

El ement (PCE) to provide a path that nmeets end-to-end network
performance criteria. This docunent extends the Path Conputation
El ement Communi cation Protocol (PCEP) [ RFC5440] to handl e network
performance constraints based on energy consunption.

For PCC, there is no need to differentiate the types of specific
energy consunption information, as this is uniformy selected by PCE
based on actual energy consunption data.

. Requi renments Language

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in
BCP 14 [ RFC2119] [RFC8174] when, and only when, they appear in all
capital s, as shown here

Ter mi nol ogy

See [ RFC5540].

PCEP Ext ensi ons

This section defines PCEP extensions (see [ RFC5440]) for energy
consunpti on.

Extensi ons to METRI C Obj ect

The METRIC object is defined in Section 7.8 of [RFC5440], conprising
metric-value and netric-type (T field), and a flags field,
conprising a nunber of bit flags (B bit and P bit). (Section
3.1.1)This docunent defines the new type for the METRI C obj ect.

o T=TBD1: Path Node Maxi mum Energy Consunption

o T=TBD2: Path Node Real - Ti me Energy Consunption

o T=TBD3: Path Node Maxi num Unit Energy Consunption
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0 T=TBD4: Path Node Real -Tinme Unit Energy Consunption

o T=TBD5: Path Node Average Unit Energy Consunption

o T=TBD6: Path Interface Maxi num Unit Energy Consunption

o T=TBD7: Path Interface Real -Tine Unit Energy Consunption

o T=TBD8: Path Interface Average Unit Energy Consunption

3.1.1. Path Node Maxi mum Energy Consunption

The Path Node Maxi mum Energy Consunption of the METRI C object in
PCEP represents the sum of the Node Maxi mum Energy Consunption of
all links along a point-to-point path.

Specifically, extending on the above-nentioned term nol ogy:

0 A Link Node Maxi mum Energy Consunption of link L is denoted
qL).

0 A Path Node Maxi mum Energy Consunption for the P2P path P =
Sum {QLpi), (i=1l...K}.

A PCC MAY use the Path Node Maxi mum Energy Consunption in a Path
Conput ati on Request (PCReq) nessage to request a path neeting the
end-t o-end Node Maxi mum Energy Consunption requirenment. In this
case, the B bit MJST be set to suggest a bound (a maxinmun) for the
Pat h energy consunption that nust not be exceeded for the PCC to
consi der the computed path as acceptable. The Path Node Maxi mum
Ener gy Consunption must be | ess than or equal to the val ue specified
in the netric-value field.

A PCC can also use this netric to ask PCE to optimi ze the path Node
Maxi mum Ener gy Consunption during path computation. In this case,
the B bit MJST be cl eared.

A PCE MAY use the Path Node Maxi num Energy Consunption in a Path
Conput ati on Reply (PCRep) nessage along with a NO PATH object in the
case where the PCE cannot conmpute a path nmeeting this constraint. A
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PCE can also use this nmetric to send the conputed Path Node Maxi mum
Ener gy Consunption to the PCC

energy consunption value range (0 - 4,294,967,295), in a 32-bit
field.

3.1.2. Path Node Real -Ti me Energy Consunption

The Path Node Real - Ti me Energy Consunption of the METRI C object in
PCEP represents the sum of the Node Real -Ti ne Energy Consunption of
all links along a point-to-point path.

Specifically, extending on the above-nentioned term nol ogy:

0 A Link Node Real -Tine Energy Consunption of link L is denoted
qL).

0 A Path Node Real -Tine Energy Consunption for the P2P path P =
Sum { Lpi), (i=1l...K}.

A PCC MAY use the Path Node Real - Ti me Energy Consunption in a Path
Conput ati on Request (PCReq) nessage to request a path neeting the
end-to-end Node Real - Ti me Energy Consunption requirenment. In this
case, the B bit MJIST be set to suggest a bound (a maxi mun) for the
Pat h Node Real - Ti me Energy Consunption that nust not be exceeded for
the PCC to consider the conputed path as acceptable. The Node Real -
Ti me Energy Consunption nust be | ess than or equal to the val ue
specified in the netric-value field.

A PCC can also use this netric to ask PCE to optim ze the path Node
Real - Ti me Energy Consunption during path conputation. In this case,
the B bit MJST be cl eared.

A PCE MAY use the Path Node Real - Ti me Energy Consunption in a Path
Conput ati on Reply (PCRep) message along with a NO PATH object in the
case where the PCE cannot compute a path nmeeting this constraint. A
PCE can also use this nmetric to send the conputed Pat h Node Real -
Ti me Energy Consunption to the PCC

energy consunption value range (0 - 4,294,967,295), in a 32-bit
field.
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3.1.3. Path Node Maxi mum Unit Energy Consunption

The Path Node Maxi mum Unit Energy Consunption of the METRI C object
in PCEP represents the sum of the Node Maxi mum Unit Energy
Consunption of all links along a point-to-point path.

Specifically, extending on the above-nentioned term nol ogy:

0 A Link Node Maxi mum Unit Energy Consunption of link L is
denoted Q(L).

0 A Path Node Maxi mum Unit Energy Consunption for the P2P path P
= Sum{Q Lpi), (i=1l...K)}.

A PCC MAY use the Path Node Maxi num Unit Energy Consunption in a
Pat h Conputati on Request (PCReq) nessage to request a path neeting
t he end-to-end Node Maxi mum Unit Energy Consunption requirenment. In
this case, the B bit MJST be set to suggest a bound (a maximmn for
the Pat h Node Maxi mum Unit Energy Consunption that must not be
exceeded for the PCC to consider the conputed path as acceptabl e.
The Node Maximum Unit Energy Consunption nmust be | ess than or equal
to the value specified in the netric-value field.

A PCC can also use this netric to ask PCE to optim ze the path Node
Maxi mum Unit Energy Consunption during path conputation. In this
case, the B bit MJST be cl eared.

A PCE MAY use the Path Node Maxi num Unit Energy Consunption in a
Pat h Conputation Reply (PCRep) nessage al ong with a NO PATH obj ect
in the case where the PCE cannot conpute a path nmeeting this
constraint. A PCE can also use this netric to send the conputed
Pat h Node Maxi mum Unit Energy Consunption to the PCC.

energy consunption value range (0 - 4,294,967,295), in a 32-bit
field.

3.1.4. Path Node Real -Tinme Unit Energy Consunption
The Node Real -Tinme Unit Energy Consunption of the METRI C object in
PCEP represents the sum of the Node Real -Tinme Unit Energy
Consunption of all links along a point-to-point path.

Specifically, extending on the above-nentioned term nol ogy:

0 A Link Node Real -Tine Unit Energy Consunption of link L is
denoted L).
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0 A Path Node Real -Tine Unit Energy Consunption for the P2P path
P = Sum {QLpi), (i=1...K)}.

A PCC MAY use the Path Node Real -Tinme Unit Energy Consunption in a
Pat h Conput ati on Request (PCReq) nessage to request a path neeting
the end-to-end Node Real -Tine Unit Energy Consunption requirenent.
In this case, the B bit MJST be set to suggest a bound (a maxi num
for the Path Node Real -Tinme Unit Energy Consunption that nmust not be
exceeded for the PCC to consider the conputed path as acceptabl e.
The Node Real -Tinme Unit Energy Consunption nust be | ess than or
equal to the value specified in the nmetric-value field.

A PCC can also use this netric to ask PCE to optim ze the path Node
Real -Time Unit Energy Consunption during path conputation. In this
case, the B bit MJST be cl eared.

A PCE MAY use the Path Node Real -Tine Unit Energy Consunption in a
Pat h Conmputation Reply (PCRep) nessage along with a NO PATH obj ect
in the case where the PCE cannot conpute a path nmeeting this
constraint. A PCE can also use this netric to send the conputed
Path Node Real -Tinme Unit Energy Consunption to the PCC.

energy consunption value range (0 - 4,294,967,295), in a 32-bit
field.

3.1.5. Path Node Average Unit Energy Consunption
The Path Node Average Unit Energy Consunption of the METRI C object
in PCEP represents the sumof the Node Average Unit Energy
Consunption of all links along a point-to-point path.
Specifically, extending on the above-nentioned term nol ogy:

0 A Link Node Average Unit Energy Consunption of link L is
denoted Q(L).

0 A Path Node Average Unit Energy Consunption for the P2P path P
= Sum{QLpi), (i=1l...K}.

A PCC MAY use the Path Node Average Unit Energy Consunption in a
Pat h Conputation Request (PCReq) nessage to request a path neeting
the end-to-end Node Average Unit Energy Consunption requirenment. In
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this case, the B bit MJST be set to suggest a bound (a nmaxinmmn) for
the Pat h Node Average Unit Energy Consunption that must not be
exceeded for the PCC to consider the conputed path as acceptabl e.
The Node Average Unit Energy Consunption nmust be | ess than or equal
to the value specified in the netric-value field.

A PCC can also use this netric to ask PCE to optim ze the path Node
Node Average Unit Energy Consunption during path conmputation. In
this case, the B bit MJST be cl eared.

A PCE MAY use the Path Node Average Unit Energy Consunption in a
Pat h Conputation Reply (PCRep) nessage al ong with a NO PATH obj ect
in the case where the PCE cannot conpute a path neeting this
constraint. A PCE can also use this nmetric to send the conputed
Pat h Node Node Average Unit Energy Consunption to the PCC.

energy consunption value range (0 - 4,294,967,295), in a 32-bit
field.

3.1.6. Path Interface Maxi mum Unit Energy Consunption

The Path Interface Maxi mum Unit Energy Consunption of the METRIC
object in PCEP represents the sumof the Interface Maxi mum Unit
Energy Consunption of all |inks along a point-to-point path.

Specifically, extending on the above-nentioned term nol ogy:

0 A Link Interface Maxi mum Unit Energy Consunption of link L is
denoted Q(L).

o0 A Path Interface Maxi nrum Unit Energy Consunption for the P2P
path P = Sum { Lpi), (i=1l...K)}.

A PCC MAY use the Path Interface Maxi mum Unit Energy Consunption in
a Pat h Conputati on Request (PCReq) nessage to request a path neeting
the end-to-end Interface Maxi mum Unit Energy Consunption
requirenent. In this case, the B bit MJST be set to suggest a bound
(a maximum) for the Path Interface Maxi mum Unit Energy Consunption
that nust not be exceeded for the PCC to consider the conputed path
as acceptable. The Interface Maxi nrum Unit Energy Consunption nust be
| ess than or equal to the value specified in the netric-value field.

A PCC can also use this netric to ask PCE to optim ze the path

Interface Maxi mum Unit Energy Consunption during path conputation.
In this case, the B bit MJST be cl eared.
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A PCE MAY use the Path Interface Maxi mum Unit Energy Consunption in
a Path Conputation Reply (PCRep) message al ong with a NO PATH obj ect
in the case where the PCE cannot conpute a path nmeeting this
constraint. A PCE can also use this netric to send the conputed
Path Interface Maxi mum Unit Energy Consunption to the PCC.

energy consunption value range (0 - 4,294,967,295), in a 32-bit
field.

3.1.7. Path Interface Real-Tinme Unit Energy Consunption

The Path Interface Real-Tine Unit Energy Consunption of the METRI C
object in PCEP represents the sumof the Interface Real-Time Unit
Ener gy Consunption of all |inks along a point-to-point path.

Specifically, extending on the above-nentioned term nol ogy:

o0 A Link Interface Real -Time Unit Energy Consunption of link L
is denoted G(L).

0 A Path Interface Real -Tine Unit Energy Consunption for the P2P
path P = Sum {Q Lpi), (i=1...K)}.

A PCC MAY use the Path Interface Real -Tine Unit Energy Consunption
in a Path Conputation Request (PCReq) nessage to request a path
nmeeting the end-to-end Interface Real-Tinme Unit Energy Consunption
requirenent. In this case, the B bit MJST be set to suggest a bound
(a maxinmum) for the Path Interface Real -Tine Unit Energy Consunption
that must not be exceeded for the PCC to consider the conputed path
as acceptable. The Interface Real -Time Unit Energy Consunption nust
be less than or equal to the value specified in the metric-val ue
field.

A PCC can also use this netric to ask PCE to optim ze the path
Interface Real -Time Unit Energy Consunption during path conputation.
In this case, the B bit MJST be cl eared.

A PCE MAY use the Path Interface Real -Tine Unit Energy Consunption
in a Path Conputation Reply (PCRep) nessage along with a NO PATH
object in the case where the PCE cannot conpute a path nmeeting this
constraint. A PCE can also use this nmetric to send the conputed
Path Interface Real -Tinme Unit Energy Consunption to the PCC.

energy consunption value range (0 - 4,294,967,295), in a 32-bit
field.
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3.1.8. Path Interface Average Unit Energy Consunption

The Path Interface Average Unit Energy Consunption of the METRI C
object in PCEP represents the sumof the Interface Average Unit
Energy Consunption of all |inks along a point-to-point path.

Specifically, extending on the above-nentioned term nol ogy:

0o A Link Interface Average Unit Energy Consunption of link L is
denoted Q(L).

0 A Path Interface Average Unit Energy Consunption for the P2P
path P = Sum{QLpi), (i=1...K)}.

A PCC MAY use the Path Interface Average Unit Energy Consunption in
a Pat h Conputati on Request (PCReq) nessage to request a path neeting
the end-to-end Interface Average Unit Energy Consunption
requirenent. In this case, the B bit MJST be set to suggest a bound
(a maximum) for the Path Interface Average Unit Energy Consunption
that nust not be exceeded for the PCC to consider the conputed path
as acceptable. The Interface Average Unit Energy Consunption nust be
| ess than or equal to the value specified in the netric-value field.

A PCC can also use this netric to ask PCE to optim ze the path
Interface Average Unit Energy Consunption during path conputation
In this case, the B bit MJST be cl eared.

A PCE MAY use the Path Interface Average Unit Energy Consunption in
a Path Conputation Reply (PCRep) nmessage al ong with a NO PATH obj ect
in the case where the PCE cannot conpute a path nmeeting this
constraint. A PCE can also use this netric to send the conputed
Path Interface Average Unit Energy Consunption to the PCC

energy consunption value range (0 - 4,294,967,295), in a 32-bit
field.

3.1.9. Non-Understanding / Non-Support of energy consunption

If a PCE receives a PCReq nessage containing a METRIC object with a
type defined in this docunment, and the PCE does not understand or
support that nmetric type, and the P bit is clear in the METRIC

obj ect header, then the PCE SHOULD sinply ignore the METRI C object
as per the processing specified in [ RFC5440].
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I f the PCE understands but does not support the new METRIC type, and
the P bit is set in the METRI C obj ect header, then the PCE MJST send
a PCErr message containing a PCEP-ERROR (bject with Error-Type = 4
(Not supported object) with Error-value = 5 (Unsupported network
performance constraint). The path conputation request MJST then be
cancel ed.

If the PCE does not understand the new METRIC type, and the P bit is
set in the METRI C object header, then the PCE MJST send a PCEP Error
(PCErr) nessage containing a PCEP-ERROR (bject with Error-Type = 4
(Not supported object) and Error-value = 4 (Unsupported paraneter)

[ RFC5440] [ RFC5441] .

If the PCE understands the new METRIC type, but the |ocal policy has
been configured on the PCE to not allow network energy consunption
constraint, and the P bit is set in the METRI C object header, then
the PCE MUST send a PCErr nessage contai ning a PCEP- ERROR Obj ect
with Error-Type = 5 (Policy violation) with Error-value = 8 (Not

al | oned network perfornance constraint). The path conputation
request MJST then be cancel ed.

3.1.10. Mode of Qperation

As explained in [ RFC5440], the METRIC object is optional and can be
used for several purposes. In a PCReq nmessage, a PCC MAY insert one
or nmore METRI C objects:

0 To indicate the netric that MJST be optim zed by the path
conputation al gorithm (path Node Maxi mum Energy Consunpti on).

o0 To indicate a bound on the METRIC (path Node Maxi mum Ener gy
Consunption) that MJST NOT be exceeded for the path to be considered
as acceptabl e by the PCC.

In a PCRep nessage, the PCE MAY insert the METRIC object with an
Explicit Route Object (ERO) so as to provide the METRI C (path Node
Maxi mum Ener gy Consunption) for the conputed path. The PCE MAY al so
insert the METRIC object with a NO PATH object to indicate that the
metric constraint could not be satisfied.

The path conputation algorithm c aspects used by the PCE to optim ze
a path with respect to a specific nmetric are outside the scope of
this docunent.

Al the rules of processing the METRI C object as explained in
[ RFC5440] are applicable to the new netric types as well.
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3.1.10.1. Exanples

If a PCC sends a path conmputation request to a PCE where the nmetric
to optimze is the path Node Maxi num Energy Consunption and the path
Node Maxi mum Energy Consunption must not exceed the value of M then
a METRIC object is inserted in the PCReq nessage:

o METRIC object with B=1, T=(TBDl), netric-val ue=M

As per [RFC5440], if a path satisfying the set of constraints can be
found by the PCE and there is no policy that prevents the return of
the computed netric, then the PCE inserts one METRI C object with
B=0, T=Node Maxi mum Energy Consunption(TBDl), metric-val ue= conputed
pat h Node Maxi mum Ener gy Consunption Metric.

3.1.11. Point-to-Miltipoint (P2MP) Path Node Maxi mum Energy Consunption

The P2MP Pat h Node Maxi mum Energy Consunption type of the METRIC
obj ect in PCEP encodes the Path Node Maxi num Energy Consunption for
the destination that observes the worst Node Maxi mum Ener gy
Consunpti on among all destinations of the P2MP tree. Specifically,
ext endi ng on the above-nenti oned term nol ogy:

0 A P2MP tree T conprises a set of Mdestinations {Dest_j,

(i=1...M}.

0 The P2P Path Node Maxi mum Energy Consunption of the path to
destination Dest j is denoted by PDM Dest j).

o The P2MP Pat h Node Maxi mnum Energy Consunption for the P2MP
tree T = Maxi num

{PDM Dest_j), (j=1...M}.

The value for the P2MP Pat h Node Maxi mum Energy Consunption type (T)
= (TBD9).

3.1.12. Point-to-Miltipoint (P2MP) Path Node Real - Ti me Energy
Consunpti on

The P2MP Pat h Node Real - Ti me Energy Consunption Consunption type of
the METRI C object in PCEP encodes the Path Node Real - Ti ne Energy
Consunption for the destination that observes the worst Node Real -
Ti me Energy Consunption anong all destinations of the P2MP tree.
Specifically, extending on the above-nentioned term nol ogy:
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0 A P2MP tree T conprises a set of Mdestinations {Dest_j,

(i=1...M}.

0 The P2P Path Node Real - Ti me Energy Consunption of the path to
destination Dest_j is denoted by PDM Dest_j).

o The P2MP Path Node Real -Ti me Energy Consunption for the P2MP
tree T = Maxi num

{PDM Dest_j), (j=1...M}.

The value for the P2MP Pat h Node Real - Ti ne Energy Consunption type
(T) = (TBD10).

3.1.13. Point-to-Miltipoint (P2MP) Path Node Maxi mum Unit Energy
Consunpti on

The P2MP Pat h Node Maxi mum Unit Energy Consunption type of the

METRI C obj ect in PCEP encodes the Path Node Maxi mum Unit Energy
Consunption for the destination that observes the worst Node Maxi mum
Unit Energy Consunption anmong all destinations of the P2MP tree.
Specifically, extending on the above-nentioned term nol ogy:

0 A P2MP tree T conprises a set of Mdestinations {Dest_j,
(j=1...M}.

0 The P2P Path Node Maxi mum Unit Energy Consunption of the path
to destination Dest_j is denoted by PDM Dest _j).

o The P2MP Path Node Maxi mum Unit Energy Consunption for the
P2MP tree T = Maxi mum

{PDMDest _j), (j=1...M}.

The val ue for the P2MP Pat h Node Maxi mum Unit Energy Consunption
type (T) = (TBD11).

3.1.14. Point-to-Miltipoint (P2MP) Path Node Real -Time Unit Energy
Consunpti on

The P2MP Path Node Real -Tinme Unit Energy Consunption type of the
METRI C obj ect in PCEP encodes the Path Node Real -Tinme Unit Energy
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Consunption for the destination that observes the worst Node Real -
Time Unit Energy Consunption anong all destinations of the P2MP
tree. Specifically, extending on the above-nentioned term nol ogy:

0 A P2MP tree T conprises a set of Mdestinations {Dest_j,

(i=1...M}.

o The P2P Path Node Real -Time Unit Energy Consunption of the
path to destination Dest | is denoted by PDM Dest j).

0 The P2MP Path Node Real -Tine Unit Energy Consunption for the
P2MP tree T = Maxi mum

{PDM Dest j), (j=1...M}.

The value for the P2MP Path Node Real -Tine Unit Energy Consunption
type (T) = (TBD12).

3.1.15. Point-to-Miltipoint (P2MP) Path Node Average Unit Energy
Consunpti on

The P2MP Path Node Average Unit Energy Consunption type of the

METRI C obj ect in PCEP encodes the Path Node Average Unit Energy
Consunption for the destination that observes the worst Node Average
Unit Energy Consunption anong all destinations of the P2MP tree.
Specifically, extending on the above-nentioned term nol ogy:

0 A P2MP tree T conprises a set of Mdestinations {Dest_j,
(j=1...M}.

o0 The P2P Path Node Average Unit Energy Consunption of the path
to destination Dest_j is denoted by PDM Dest_j).

o The P2MP Path Node Average Unit Energy Consunption for the
P2MP tree T = Maxi mum

{PDM Dest_j), (j=1...M}.

The value for the P2MP Pat h Node Average Unit Energy Consunption
type (T) = (TBD13).
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3.1.16. Point-to-Miltipoint (P2MP) Path Interface Maxi mum Unit Energy
Consunpti on

The P2MP Path Interface Maxi mum Unit Energy Consunption type of the
METRI C obj ect in PCEP encodes the Path Interface Maxi mum Unit Energy
Consunption for the destination that observes the worst Interface
Maxi mum Unit Energy Consunption anong all destinations of the P2MP
tree. Specifically, extending on the above-nentioned term nol ogy:

0 A P2MP tree T conprises a set of Mdestinations {Dest_j,

(i=1...M}.

o The P2P Path Interface Maxi num Unit Energy Consunption of the
path to destination Dest_j is denoted by PDM Dest j).

0 The P2MP Path Interface Maxi mum Unit Energy Consunption for
the P2MP tree T = Maxi mum

{PDM Dest j), (j=1...M}.

The value for the P2MP Path Interface Maxi mum Unit Energy
Consunption type (T) = (TBD14).

3.1.17. Point-to-Miltipoint (P2MP) Path Interface Real -Time Unit Energy
Consunpti on

The P2MP Path Interface Real -Tinme Unit Energy Consunption type of
the METRI C object in PCEP encodes the Path Interface Real -Tine Unit
Ener gy Consunption for the destination that observes the worst
Interface Real -Tinme Unit Energy Consunption among all destinations
of the P2MP tree. Specifically, extending on the above-nentioned

t erm nol ogy:

0 A P2MP tree T conprises a set of Mdestinations {Dest_j,
(j=1...M}.

0 The P2P Path Interface Real -Time Unit Energy Consunption of
the path to destination Dest_j is denoted by PDMDest_j).

o The P2MP Path Interface Real-Time Unit Energy Consunption for
the P2MP tree T = Maxi mum

{PDM Dest_j), (j=1...M}.
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The value for the P2MP Path Interface Real-Time Unit Energy
Consunption type (T) = (TBD15).

3.1.18. Point-to-Miltipoint (P2MP) Path Interface Average Unit Energy
Consunpti on

The P2MP Path Interface Average Unit Energy Consunption type of the
METRI C obj ect in PCEP encodes the Path Interface Average Unit Energy
Consunption for the destination that observes the worst Interface
Average Unit Energy Consunption anong all destinations of the P2MP
tree. Specifically, extending on the above-nentioned term nol ogy:

0 A P2MP tree T conprises a set of Mdestinations {Dest_j,
(j=1...M}.

0 The P2P Path Interface Average Unit Energy Consunption of the
path to destination Dest _j is denoted by PDM Dest j).

0 The P2MP Path Interface Average Unit Energy Consunption for
the P2MP tree T = Maxi mum

{PDMDest _j), (j=1...M}.

The value for the P2MP Path Interface Average Unit Energy
Consunption type (T) = (TBD16).

3.1.19. Capability Advertisenent
During the PCEP initialization phase, PCEP speakers (PCE or PCC)
announce their support for the energy consunption feature. A PCEP
speaker includes the ENERGY- CONSUMPTI ON- CAPABI LI TY TLV in the OPEN
object to indicate its support for PCEP Gwetric. The presence of the
ENERGY- CONSUMPTI ON- CAPABI LI TY TLV in the OPEN object signifies
support for the energy consunption feature as described in this
docunent .
0 1 2 3
01234567890123456789012345678901
B T S i T s i i e e SEI S

| Type=TBD17 | Lengt h=4 |
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B i s sl o S S S S N i e ik T SEIE TR e Sl R R i S S e e i e i
Fl ag

T I T S S i T T S AR

Fi gure: ENERGY- CONSUMPTI ON- CAPABI LI TY TLV For mat
4. Stateful PCE and PCE Initiated LSPs

[ RFC8231] specifies a set of extensions to PCEP to enable statefu
control of MPLS-TE and GWLS LSPs via PCEP and the naintai ni ng of
these LSPs at the stateful PCE. It further distinguishes between an
active and a passive stateful PCE. A passive stateful PCE uses LSP
state information |l earned from PCCs to optim ze path conputations
but does not actively update LSP state. In contrast, an active
stateful PCE utilizes the LSP del egati on mechani smto update LSP
paraneters in those PCCs that del egated control over their LSPs to

t he PCE.

[ PCE- I NI TI ATED] describes the setup, mmintenance, and teardown of
PCE-initiated LSPs under the stateful PCE nbdel. The docunent
defines the PClnitiate nmessage that is used by a PCE to request a
PCC to set up a new LSP.

The new netric type and objective functions defined in this docunent
can al so be used with the stateful PCE extensions. The format of
PCEP nessages described in [RFC8231] and [PCE-I N TI ATED] uses
<intended-attribute-list> and <attribute-list> respectively, (where
the <intended-attribute-list>is the attribute-list defined in
Section 6.5 of [RFC5440] and extended in Section 5.2 of this
docunent) for the purpose of including the service-aware paraneters.

The stateful PCE inplenentation MAY use the extension of PCReq and

PCRep messages as defined in Sections 5.1 and 5.2 to enable the use
of service-aware paraneters during passive stateful operations.

5. | ANA Consi derations
5.1. METRI C Types
I ANA nmai ntains the "Path Conputation El enment Protocol (PCEP)

Nunbers" registry at <http://ww.iana. org/assi gnnents/pcep> Wthin
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I ANA naintains a subregistry for "METRIC Cbject T

The new netric types are defined in this docunent for the METRIC
obj ect (specified in [ RFC5440]).

lin,

Val ue

Descri ption
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TBD3
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et al.

Pat h Node Maxi nmum

Ener gy Consunpti on

Pat h Node Real - Ti me

Ener gy Consunption

Pat h Node Maxi mum Uni t
Ener gy Consunpti on

Path Node Real -Tine Unit
Ener gy Consunpti on

Pat h Node Average Unit

Ener gy Consunption

Path Interface Maxi num Unit
Ener gy Consunpti on

Path Interface Real -Tinme Unit
Ener gy Consunpti on

Path Interface Average Unit

Ener gy Consunption
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Ener gy Consunption
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TBD10 P2MP Pat h Node Real - Ti ne Thi s Docunent
Ener gy Consunpti on

TBD11 P2MP Pat h Node Maxi mum Uni t Thi s Docunent
Ener gy Consunpti on

TBD12 P2MP Path Node Real -Tinme Unit Thi s Docunent
Ener gy Consunption

TBD13 P2MP Pat h Node Average Unit Thi s Docunent
Ener gy Consunpti on

TBD14 P2MP Path Interface Maxi num Thi s Docunent
Unit Energy Consunption

TBD15 P2MP Path Interface Real -Tine Thi s Docunent
Unit Energy Consunption

TBD16 P2MP Path Interface Average Thi s Docunent

Unit Energy Consunption

5. 2. ENERGY- CONSUMPTI ON- CAPABI LI TY
| Val ue | Description
[ ey Ll

| TBD17 | ENERGY- CONSUMPTI ON- CAPABI LI TY

6. Security Considerations

TBD.
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