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Abst r act

Poi nt-to-point Miltiprotocol Label Switching (MPLS) and CGenerali zed

MPLS (GWLS) Traffic Engi neering Label Sw tched Paths (TE LSPs) may

be established using signaling techniques, but their paths may first
need to be determned. The Path Conputation El enent (PCE) has been

identified as an appropriate technology for the determ nation of the
pat hs of point-to-nultipoint (P2MP) TE LSPs.

Thi s docunent describes extensions to the PCE comruni cati on Protocol
(PCEP) to handl e requests and responses for the conputation of paths
for P2MP TE LSPs.

Status of This Meno
This is an Internet Standards Track document.

Thi s docunent is a product of the Internet Engineering Task Force
(ITETF). It represents the consensus of the IETF community. It has
recei ved public review and has been approved for publication by the
Internet Engineering Steering Group (IESG. Further information on
Internet Standards is available in Section 2 of RFC 5741

I nformati on about the current status of this docunent, any errata,

and how to provide feedback on it nmay be obtained at
http://ww.rfc-editor.org/info/rfc6006
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1. I nt roduction

The Path Conputation Elenent (PCE) defined in [RFC4655] is an entity
that is capable of conputing a network path or route based on a

net wor k graph, and applying conputational constraints. A Path
Conputation Cient (PCC) nmay nmeke requests to a PCE for paths to be
comput ed.

[ RFC4875] describes how to set up point-to-nultipoint (P2MP) Traffic

Engi neering Label Switched Paths (TE LSPs) for use in Miltiprotoco
Label Switching (MPLS) and Generalized MPLS (GWLS) net works.
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The PCE has been identified as a suitable application for the
comput ation of paths for P2MP TE LSPs [ RFC5671].

The PCE communi cation Protocol (PCEP) is designed as a communication
protocol between PCCs and PCEs for point-to-point (P2P) path
conputations and is defined in [ RFC5440]. However, that

speci fication does not provide a mechanismto request path
comput ati on of P2MP TE LSPs.

A P2MP LSP is conprised of nultiple source-to-leaf (S2L) sub-LSPs.
These S2L sub-LSPs are set up between ingress and egress Labe
Switching Routers (LSRs) and are appropriately overlaid to construct
a P2MP TE LSP. During path conputation, the P2MP TE LSP nmay be
determned as a set of S2L sub-LSPs that are conmputed separately and
conmbined to give the path of the P2MP LSP, or the entire P2MP TE LSP
may be determned as a P2MP tree in a single conputation

Thi s docunent relies on the nmechani snms of PCEP to request path
computation for P2MP TE LSPs. One path conputation request nessage
froma PCC may request the conputation of the whole P2MP TE LSP, or
the request may be Iimted to a sub-set of the S2L sub-LSPs. 1In the
extrene case, the PCC may request the S2L sub-LSPs to be conputed
individually with it being the PCC s responsibility to deci de whether
to signal individual S2L sub-LSPs or conbine the conputation results
to signal the entire P2MP TE LSP. Hence the PCC nay use one path
comput ati on request nmessage or may split the request across multiple
pat h conput ati on nessages.

1.1. Term nol ogy
Term nol ogy used in this docunent:

TE LSP: Traffic Engineering Label Sw tched Path.
LSR: Label Switching Router
OF: bj ective Function: A set of one or nore optimization criteria
used for the conputation of a single path (e.g., path cost
m nimzation), or for the synchroni zed conputation of a set of
paths (e.g., aggregate bandw dth consunption m nim zation).
P2MP:  Point-to-Mil tipoint.
P2P: Poi nt -t o- Poi nt .

Thi s docunent al so uses the term nol ogy defined in [ RFC4655],
[ RFC4875], and [ RFC5440].
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1.2. Requirenents Language
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [ RFC2119].

2. PCC- PCE Comuni cation Requirenents
This section summari zes the PCC- PCE conmuni cation requirements for
P2MP MPLS-TE LSPs described in [ RFC5862]. The nunbering system
corresponds to the requirenent nunbers used in [ RFC5862].

1. The PCC MJUST be able to specify that the request is a P2MP path
conput ati on request.

2. The PCC MUST be able to specify that objective functions are to
be applied to the P2MP path conputation request.

3. The PCE MJST have the capability to reject a P2MP path request
and i ndi cate non-support of P2MP path conputation

4. The PCE MJST provide an indication of non-support of P2MP path
conput ati on by back-1evel PCE inplenentations.

5. A P2MP path conputation request MJST be able to list multiple
destinations.

6. A P2MP path conputation response MJST be able to carry the path
of a P2MP LSP

7. By default, the path returned by the PCE SHOULD use the
compressed format.

8. It MJST be possible for a single P2MP path conputation request or
response to be conveyed by a sequence of nessages.

9. It MJST NOT be possible for a single P2MP path conputation
request to specify a set of different constraints, traffic
paraneters, or quality-of-service requirenents for different
destinations of a P2MP LSP

10. P2MP path nodification and P2MP path diversity MJST be supported.

11. It MIST be possible to reoptimze existing P2MP TE LSPs.

12. It MJST be possible to add and renove P2MP destinations from
exi sting paths.
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13. It MIST be possible to specify a list of applicable branch nodes
to use when conputing the P2MP pat h.

14. It MIST be possible for a PCC to discover P2MP path conputation
capability.

15. The PCC MJUST be able to request diverse paths when requesting a
P2MP pat h.

3. Protocol Procedures and Extensions

The foll owi ng section describes the protocol extensions required to
satisfy the requirenents specified in Section 2 ("PCC PCE
Conmruni cati on Requi rements") of this docunent.

3.1. P2MP Capability Advertisenent
3.1.1. P2MP Computation TLV in the Existing PCE D scovery Protoco

[ RFC5088] defines a PCE Discovery (PCED) TLV carried in an OSPF
Router Information Link State Adverti senent (LSA) defined in

[ RFC4970] to facilitate PCE discovery using OSPF. [ RFC5088]
specifies that no new sub-TLVs nay be added to the PCED TLV. This
docunent defines a new flag in the OSPF PCE Capability Flags to

i ndicate the capability of P2MP computation

Simlarly, [RFC5089] defines the PCED sub-TLV for use in PCE

Di scovery using IS-1S. This docunent will use the sane flag
requested for the OSPF PCE Capability Flags sub-TLV to allow IS- IS to
i ndicate the capability of P2MP conputation

The | ANA assignment for a shared OSPF and |S-1S P2MP Capability Flag
is docunented in Section 6.9 ("OSPF PCE Capability Flag") of this
docunent .

PCEs wi shing to advertise that they support P2MP path conputation
woul d set the bit (10) accordingly. PCCs that do not understand this
bit will ignore it (per [RFC5088] and [ RFC5089]). PCEs that do not
support P2MP will leave the bit clear (per the default behavior
defined in [ RFC5088] and [ RFC5089]).

PCEs that set the bit to indicate support of P2MP path conputation

MUST foll ow the procedures in Section 3.3.2 ("The New P2MP END- PO NTS
hject") to further qualify the level of support.
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3.1.2. Open Message Extension

Based on the Capabilities Exchange requirenment described in

[ RFC5862], if a PCE does not advertise its P2MP capability during

di scovery, PCEP should be used to allow a PCC to discover, during the
Open Message Exchange, which PCEs are capabl e of supporting P2MP path
comput ati on.

To satisfy this requirement, we extend the PCEP OPEN obj ect by
defining a new optional TLV to indicate the PCE s capability to
perform P2MP pat h conput ati ons

| ANA has all ocated value 6 fromthe "PCEP TLV Type |ndi cators" sub-
registry, as docunented in Section 6.1 ("PCEP TLV Type | ndicators").
The description is "P2MP capable”, and the length value is 2 bytes.
The value field is set to default value O.

The inclusion of this TLV in an OPEN object indicates that the sender
can perform P2MP path conput ati ons.

The capability TLV is neaningful only for a PCE, so it will typically
appear only in one of the two Open nessages during PCE session
establishnent. However, in case of PCE cooperation (e.g.,

i nter-domain), when a PCE behaving as a PCC initiates a PCE session
it SHOULD al so indicate its path conmputation capabilities.

3. 2. Efficient Presentation of P2MP LSPs

When speci fying additional |eaves, or optimzing existing P2MP TE
LSPs as specified in [ RFC5862], it nmay be necessary to pass existing
P2MP LSP route information between the PCC and PCE in the request and
reply messages. In each of these scenarios, we need new path objects
for efficiently passing the existing P2MP LSP between the PCE and
PCC

We specify the use of the Resource Reservation Protocol Traffic

Engi neering (RSVP-TE) extensions Explicit Route Object (ERO to
encode the explicit route of a TE LSP t hrough the network. PCEP ERO
sub- obj ect types correspond to RSVP-TE ERO sub-object types. The
format and content of the ERO object are defined in [ RFC3209] and

[ RFC3473] .

The Secondary Explicit Route Cbject (SERO) is used to specify the
explicit route of a S2L sub-LSP. The path of each subsequent S2L
sub-LSP is encoded in a P2MP_SECONDARY_EXPLI CI T_ROUTE obj ect SERO
The format of the SERO is the sane as an ERO defined in [ RFC3209] and
[ RFC3473] .
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The Secondary Record Route Object (SRRO is used to record the
explicit route of the S2L sub-LSP. The class of the P2MP SRRO i s the
same as the SRRO defined in [ RFC4873].

The SERO and SRRO are used to report the route of an existing TE LSP
for which a reoptimzation is desired. The format and content of the
SERO and SRRO are defined in [ RFC4875].

A new PCEP obj ect class and type are requested for SERO and SRRO

oj ect-C ass Val ue 29

Nanme SERO
oj ect - Type 1: SERO
2-15: Unassi gned
Ref er ence RFC 6006
oj ect-C ass Val ue 30
Nanme SRRO
oj ect - Type 1: SRRO
2-15: Unassi gned
Ref er ence RFC 6006

The | ANA assignnment is docunented in Section 6.5 ("PCEP Objects").

Since the explicit path is available for imediate signaling by the
MPLS or GWLS control plane, the meanings of all of the sub-objects
and fields in this object are identical to those defined for the ERO

3.3. P2MP Path Conputation Request/Reply Message Extensions

Thi s docunent extends the existing P2P RP (Request Paraneters) object
so that a PCC can signal a P2MP path conputation request to the PCE
receiving the PCEP request. The END- PO NTS object is al so extended
to inprove the efficiency of the nessage exchange between PCC and PCE
in the case of P2MP path conputati on.

3.3.1. The Extension of the RP (bject

The PCE path computation request and reply nessages will need the
followi ng additional paraneters to indicate to the receiving PCE that
the request and reply nmessages have been fragnented across nultiple
messages, that they have been requested for a P2MP path, and whet her
the route is represented in the conpressed or unconpressed fornmat.

Thi s docunent adds the following flags to the RP hject:
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The F-bit is added to the flag bits of the RP object to indicate to
the receiver that the request is part of a fragnented request, or is
not a fragmented request.

o F (RP fragnentation bit - 1 bit):

0: This indicates that the RP is not fragnmented or it is the |ast
pi ece of the fragmented RP

1: This indicates that the RP is fragmented and this is not the
| ast piece of the fragnented RP. The receiver needs to wait
for additional fragments until it receives an RP with the sane
RP-1D and with the F-bit set to O.

The N-bit is added in the flag bits field of the RP object to signa
the receiver of the nessage that the request/reply is for P2MP or is
not for P2MP.

o N (P2MP bit - 1 bit):

0: This indicates that this is not a PCReq or PCRep nessage for
P2MP

1. This indicates that this is a PCReq or PCRep nessage for P2MP
The E-bit is added in the flag bits field of the RP object to signa
the receiver of the nmessage that the route is in the conpressed
format or is not in the conpressed format. By default, the path
returned by the PCE SHOULD use the conpressed fornat.

0 E (ERO-conpression bit - 1 bit):
0: This indicates that the route is not in the conpressed format.

1. This indicates that the route is in the conpressed fornat.

The | ANA assignhment is docunented in Section 6.2 ("Request Paraneter
Bit Flags") of this docunent.

3.3.2. The New P2MP END- PO NTS Obj ect

The END- PO NTS object is used in a PCReq nessage to specify the
source | P address and the destination |IP address of the path for
which a path conmputation is requested. To represent the end points
for a P2MP path efficiently, we define two new types of END PO NTS
obj ects for the P2MP path:
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0o dd | eaves whose path can be nodified/reoptimn zed,

o dd | eaves whose path nust be | eft unchanged.

Wth the new END- PO NTS obj ect, the PCE path conputation request
message i s expanded in a way that allows a single request nessage to
list nmultiple destinations.

In total, there are now 4 possible types of |eaves in a P2MP request:
0 New |l eaves to add (leaf type = 1)

o Od leaves to remove (leaf type = 2)

0o dd | eaves whose path can be nodified/reoptimzed (|l eaf type = 3)
0 dd | eaves whose path nust be | eft unchanged (|l eaf type = 4)

A gi ven END- PO NTS obj ect gathers the | eaves of a given type. The
type of leaf in a given END-PO NTS object is identified by the END
PO NTS object |leaf type field.

Usi ng the new END- PO NTS obj ect, the END- PO NTS portion of a request
message for the nmultiple destinations can be reduced by up to 50% f or
a P2MP path where a single source address has a very | arge nunber of
destinati ons.

Note that a P2MP path conputation request can mx the different types
of leaves by including several END PO NTS objects per RP object as

shown in the PCReq Routing Backus-Naur Form (RBNF) [RFC5511] fornmat
in Section 3.4 ("Request Message Format").
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The format of the new END- PO NTS obj ect body for |Pv4d (Cbject-Type 3)
is as foll ows:

0 1 2 3

01234567890123456789012345678901
I S i o T s S S S e s s T
| Leaf type |
B I i st ST S I S S S S S S S S e S S S S ik o S N S S S
| Source | Pv4 address |
el i I e i it T e e e e i i T o S e e S e T R R
| Destination | Pv4 address |
I S i o T s S S S e s s T
B I i st ST S I S S S S S S S S e S S S S ik o S N S S S
| Destination | Pv4 address |
el i I e i it T e e e e i i T o S e e S e T R R

Figure 1. The New P2MP END- PO NTS (bj ect Body Format for |Pv4

The format of the END- PO NTS object body for IPv6 (Object-Type 4) is
as follows:

8123456789(%123456789312345678931
i s i T S e S T T il o S R S S S
| Leaf type |
T S T I Al ol ST SN S S S S S S S S S i S SIS SN S O Y
I Source | Pv6 address (16 bytes) I
I+- i i S T i S S i S S S I S +-|+
I Destination | Pv6 address (16 bytes) I
L—- T S S i S i i Ak S S S o S e S +-!|-
:- e T HI R S .+.- .+- e R e i T I SN R S +-:
I Destination | Pv6 address (16 bytes) I
L—- T S S i S i i Ak S S S o S e S +-!|-

Figure 2. The New P2MP END- PO NTS hj ect Body Format for |Pv6
The END- PO NTS obj ect body has a variable length. These are

multiples of 4 bytes for IPv4, and nultiples of 16 bytes, plus 4
bytes, for |Pv6.
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3.4. Request Message For mat

The PCReq message is encoded as follows using RBNF as defined in
[ RFC5511] .

Bel ow i s the nessage format for the request nessage:

<PCReq Message>::= <Comopn Header >

<r equest >
wher e:
<request >:: = <RP>

<end-point-rro-pair-list>
[ <OF>]
[ <LSPA>]
[ <BANDW DTH>]
[<metric-list>]
[ <I RO>]
[ <LOAD- BALANCI NG>]

wher e:
<end-point-rro-pair-list>:=
<END- PO NTS>[ <RRO- Li st >] [ <BANDW DTH>]
[<end-point-rro-pair-Ilist>]

<RRO Li st >: : =<RRO>[ <BANDW DTH>] [ <RRO- Li st >]
<metric-list> :=<METRIC[<netric-1|ist>]

Figure 3. The Message Fornat for the Request Message
Note that we preserve conpatibility with the [ RFC5440] definition of
<request>. At |east one instance of <endpoints> MJST be present in

this nessage

We have docunented the | ANA assignnent of additional END PO NTS
oj ect-Types in Section 6.5 ("PCEP Objects") of this docunent.

3.5. Reply Message For mat

The PCRep nessage is encoded as follows using RBNF as defined in
[ RFC5511] .
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Bel ow i s the nessage format for the reply nessage:

<PCRep Message>::= <Comopn Header >
<r esponse>
<response>: : =<RP>
[ <end- point-path-pair-1ist>]
[ <NO- PATH>]
[<attribute-Ilist>]

wher e:

<end-point-path-pair-list>::=
[ <END- PO NTS>] <pat h>[ <end- poi nt - pat h-pai r-1i st >]

<pat h> ::= (<ERC>| <SERC>) [ <pat h>]

<attribute-list>::=[<OF>]
[ <LSPA>]
[ <BANDW DTH>]
[<nmetric-list>]
[ <I RO>]

Figure 4. The Message Format for the Reply Message
The optional END- PO NTS object in the reply nmessage is used to
speci fy which paths are renoved, changed, not changed, or added for
the request. The path is only needed for the end points that are
added or changed.

If the E-bit (ERO Conpress bit) was set to 1 in the request, then the
path will be formed by an ERO foll owed by a |ist of SERGCs.

Note that we preserve conmpatibility with the [ RFC5440] definition of
<response> and t he optional <end-point-path-pair-list> and <pat h>

3.6. P2MP (bjective Functions and Metric Types
3.6.1. New Objective Functions

Si x objective functions have been defined in [ RFC5541] for P2P path
conput ati on.

Thi s docunent defines two additional objective functions -- nanely,
SPT (Shortest Path Tree) and MCT (M ni num Cost Tree) that apply to
P2MP path computation. Hence two new objective function codes have
to be defined.

The description of the two new objective functions is as follows.
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oj ective Function Code: 7
Nane: Shortest Path Tree (SPT)

Description: Mnimze the naxi mum source-to-|eaf cost with respect
to a specific netric or to the TE netric used as the default
metric when the metric is not specified (e.g., TE or IGP netric).

oj ective Function Code: 8
Nane: M ni num Cost Tree (MCT)

Description: Mnimze the total cost of the tree, that is the sum
of the costs of tree links, with respect to a specific metric or
to the TE nmetric used as the default netric when the netric is not
speci fi ed.

Processing these two new objective functions is subject to the rules
defined in [ RFC5541].

3.6.2. New Metric Cbject Types

There are three types defined for the <METRI C> object in [RFC5440] --
namely, the 1GP nmetric, the TE netric, and the hop count netric.

Thi s docunent defines three additional types for the <METRI C object:
the P2MP I GP netric, the P2MP TE netric, and the P2MP hop count
metric. They encode the sumof the netrics of all links of the tree.
We propose the follow ng values for these new netric types:

o P2MP IGP netric: T=8

o P2MP TE netric: T=9

o P2MP hop count netric: T=10

3.7. Non-Support of P2MP Path Conputation

o |If a PCE receives a P2MP path request and it understands the P2MP
flag in the RP object, but the PCE is not capable of P2MP
conputation, the PCE MUST send a PCErr nessage with a PCEP- ERROR
obj ect and corresponding Error-Value. The request MJST then be
cancelled at the PCC. New Error-Types and Error-Val ues are
requested in Section 6 ("I ANA Consi derations") of this docunent.

o If the PCE does not understand the P2MP flag in the RP object,

then the PCE MUST send a PCErr nessage with Error-val ue=2
(capability not supported).

Zhao, et al. St andards Track [ Page 14]



RFC 6006 Extensions to PCEP for P2MP TE LSPs Sept enber 2010

3.8. Non-Support by Back-Level PCE | nplenmentations

If a PCE receives a P2MP request and the PCE does not understand the
P2MP flag in the RP object, and therefore the PCEP P2MP ext ensi ons,
then the PCE SHOULD reject the request.

3.9. P2MP TE Path Reoptimn zati on Request

A reoptim zation request for a P2MP TE path is specified by the use
of the R-bit within the RP object as defined in [ RFC5440] and is
simlar to the reoptimzation request for a P2P TE path. The only
difference is that the user MUST insert the list of RROs and SRRGCs
after each type of END-PO NTS in the PCReq nessage, as described in
the "Request Message Format" section (Section 3.4) of this docunent.

An exanpl e of a reoptim zation request and subsequent PCReq nessage
i s described bel ow

Common Header

RP with P2MP flag/R-bit set

END- PO NTS for |eaf type 3
RRO |i st

OF (optional)

Figure 5. PCReq Message Exanple 1 for Optim zation

In this example, we request reoptimzation of the path to all |eaves
wi t hout adding or pruning |l eaves. The reoptim zation request would
use an END-PO NT type 3. The RRO list would represent the P2MP LSP
before the optim zation, and the nodifiable path | eaves woul d be
indicated in the END- PO NTS obj ect.

It is also possible to specify distinct | eaves whose path cannot be
nmodi fied. An exanple of the PCReq nessage in this scenario would be:

Common Header
RP with P2MP flag/ R-bit set
END- PO NTS for |eaf type 3

RRO |i st
END- PO NTS for |eaf type 4
RRO |i st

OF (optional)

Figure 6. PCReq Message Exanple 2 for Optimzation
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3.10. Adding and Pruning Leaves to/fromthe P2MP Tree

When addi ng new | eaves to or renoving old | eaves fromthe existing
P2MP tree, by supplying a list of existing |leaves, it SHOULD be
possible to optimize the existing P2MP tree. This section explains
the methods for adding new | eaves to or renmoving old | eaves fromthe
exi sting P2MP tree.

To add new | eaves, the user MJST build a P2MP request using END
PO NTS with | eaf type 1.

To renove ol d | eaves, the user must build a P2MP request using END
PONTS with leaf type 2. |If no type-2 END- PO NTS exist, then the PCE
MJUST send an error type 17, value=1l: The PCE is not capabl e of
satisfying the request due to no END-PO NTS with | eaf type 2.

When addi ng new | eaves to or renoving old | eaves fromthe existing
P2MP tree, the PCC nust also provide the list of old | eaves, if any,
including END-PO NTS with | eaf type 3, leaf type 4, or both. New
PCEP- ERROR obj ects and types are necessary for reporting when certain
conditions are not satisfied (i.e., when there are no END- PO NTS with
| eaf type 3 or 4, or in the presence of END-PO NTS with | eaf type 1
or 2). A generic "Inconsistent END-PO NT" error will be used if a
PCC receives a request that has an inconsistent ENDPONT (i.e., if a
| eaf specified as type 1 already exists). These | ANA assignnents are
docunented in Section 6.6 ("PCEP-ERROR (bjects and Types") of this
docunent .

For old | eaves, the user MJST provide the old path as a |list of RRCs
that imediately foll ows each END- PO NTS object. This docunent
specifies error values when specific conditions are not satisfied.

The foll owi ng exanpl es denonstrate full and partial reoptimzation of
exi sting P2MP LSPs:

Case 1: Adding leaves with full reoptimzation of existing paths
Conmon Header

RP with P2MP flag/R-bit set
END- PO NTS for |eaf type 1

RRO |i st
END- PO NTS for |eaf type 3
RRO |i st

OF (optional)
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Case 2: Adding leaves with partial reoptimnzation of existing paths

Conmon Header

RP with P2MP flag/ R-bit set
END- PO NTS for |eaf type 1
END- PO NTS for |eaf type 3

RRO |i st
END- PO NTS for |eaf type 4
RRO | i st

OF (optional)
Case 3: Adding | eaves without reoptimzation of existing paths
Conmon Header

RP with P2MP flag/R-bit set
END- PO NTS for |eaf type 1

RRO |i st
END- PO NTS for |leaf type 4
RRO |i st

OF (optional)
Case 4: Pruning Leaves with full reoptimzation of existing paths
Common Header

RP with P2MP flag/ R-bit set
END- PO NTS for |eaf type 2

RRO |i st
END- PO NTS for |eaf type 3
RRO |i st

OF (optional)
Case 5: Pruning leaves with partial reoptimzation of existing paths
Comon Header

RP with P2MP flag/ R-bit set
END- PO NTS for |eaf type 2

RRO |i st

END- PO NTS for |eaf type 3
RRO |i st

END- PO NTS for |eaf type 4
RRO |i st

OF (optional)
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Case 6: Pruning | eaves without reoptinzation of existing paths

Conmon Header
RP with P2MP flag/ R-bit set
END- PO NTS for |eaf type 2

RRO |i st
END- PO NTS for |eaf type 4
RRO | i st

OF (optional)

Case 7: Adding and pruning leaves with full reoptinzation of
exi sting paths

Cormon Header

RP with P2MP flag/R-bit set
END- PO NTS for |eaf type 1
END- PO NTS for |eaf type 2

RRO |i st
END- PO NTS for |eaf type 3
RRO | i st

OF (optional)

Case 8: Adding and pruning |leaves with partial reoptinzation of
exi sting paths

Comrmon Header

RP with P2MP flag/R-bit set
END- PO NTS for |eaf type 1
END- PO NTS for |eaf type 2

RRO | i st

END- PO NTS for |eaf type 3
RRO |i st

END- PO NTS for |eaf type 4
RRO |i st

OF (optional)

Case 9: Adding and pruning | eaves w thout reoptim zation of existing
pat hs

Comon Header

RP with P2MP flag/ R-bit set
END- PO NTS for leaf type 1
END- PO NTS for |eaf type 2

RRO |i st
END- PO NTS for |eaf type 4
RRO | i st

OF (optional)
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3.11. Discovering Branch Nodes

Bef ore conputing the P2MP path, a PCE may need to be provi ded neans
to know which nodes in the network are capable of acting as branch
LSRs. A PCE can discover such capabilities by using the nechanisns
defined in [ RFC5073].

3.11.1. Branch Node Object

The PCC can specify a list of nodes that can be used as branch nodes
or a list of nodes that cannot be used as branch nodes by using the
Branch Node Capability (BNC) Object. The BNC Object has the sane
format as the Include Route bject (RO defined in [ RFC5440], except
that it only supports IPv4 and | Pv6 prefix sub-objects. Two Object-
types are al so defi ned:

o Branch node list: List of nodes that can be used as branch nodes.

0 Non-branch node list: List of nodes that cannot be used as branch
nodes.

The object can only be carried in a PCReq nessage. A Path Request
may carry at nost one Branch Node bject.

The Obj ect-C ass and bj ect-types have been allocated by | ANA. The
I ANA assignment is docunented in Section 6.5 ("PCEP Objects").

3.12. Synchroni zation of P2MP TE Path Conputati on Requests
There are cases when multiple P2MP LSPs’ conputations need to be
synchroni zed. For exanple, one P2MP LSP is the designated backup of
another P2MP LSP. In this case, path diversity for these dependent
LSPs may need to be considered during the path conputation

The synchroni zati on can be done by using the existing Synchronization
VECtor (SVEC) functionality defined in [ RFC5440].
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An exampl e of synchroni zing two P2MP LSPs, each having two | eaves for
Pat h Conmput ati on Request Messages, is illustrated bel ow

Comon Header

SVEC for sync of LSPl and LSP2
OF (optional)

END- PO NTS1 for P2MP

RROL |i st
END- PO NTS2 for P2MP
RRQ2 |i st

Figure 7. PCReq Message Exanple for Synchroni zation

Thi s specification also defines two new flags to the SVEC Object Fl ag
Field for P2MP path dependent computation requests. The first new
flag is to allow the PCC to request that the PCE should conpute a
secondary P2MP path tree with partial path diversity for specific

| eaves or a specific S2L sub-path to the primary P2MP path tree. The
second flag, would allow the PCC to request that partial paths should
be link direction diverse.

The following flags are added to the SVEC object body in this
docunent :

o P (Partial Path Diverse bit - 1 bit):

When set, this would indicate a request for path diversity for a
specific leaf, a set of |leaves, or all |eaves.

o D (Link Direction Diverse bit - 1 bit):

When set, this would indicate a request that a partial path or
pat hs should be link direction diverse.

The | ANA assignnment is referenced in Section 6.8 of this docunent.
3.13. Request and Response Fragnentation

The total PCEP message |ength, including the cormon header, is

16 bytes. In certain scenarios the P2MP conputation request nmay not

fit into a single request or response nessage. For exanple, if a

tree has many hundreds or thousands of |eaves, then the request or
response may need to be fragnented into multiple nessages.
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The F-bit has been outlined in "The Extension of the RP Object"
(Section 3.3.1) of this docunent. The F-bit is used in the RP object
header to signal that the initial request or response was too | arge
to fit into a single nessage and will be fragnented into nmultiple
messages. |In order to identify the single request or response, each
message will use the sane request |D.

3.13.1. Request Fragnentation Procedure

If the initial request is too large to fit into a single request
message, the PCC will split the request over multiple nessages. Each

message sent to the PCE, except the last one, will have the F-bit set
in the RP object to signify that the request has been fragmented into
multiple messages. In order to identify that a series of request

messages represents a single request, each nessage will use the sane
request | D.

The assunption is that request nessages are reliably delivered and in
sequence, since PCEP relies on TCP

3.13.2. Response Fragnentation Procedure

Once the PCE conputes a path based on the initial request, a response
is sent back to the PCC. If the response is too large to fit into a
singl e response nessage, the PCE will split the response over
mul ti pl e messages. Each nessage sent to the PCE, except the |ast

one, will have the F-bit set in the RP object to signify that the
response has been fragnented into nmultiple nessages. In order to
identify that a series of response nessages represents a single
response, each nessage will use the sane response |D.

Agai n, the assunption is that response nmessages are reliably
delivered and in sequence, since PCEP relies on TCP

3.13.3. Fragnentation Exanpl es

The followi ng exanple illustrates the PCC sending a request nessage
with Reg-1Dl to the PCE, in order to add one |leaf to an existing tree
with 1200 | eaves. The assunption used for this exanple is that one
request nessage can hold up to 800 leaves. 1In this scenario, the
original single nessage needs to be fragnented and sent using two
smal | er nessages, which have the Req-1Dl1 specified in the RP object,
and with the F-bit set on the first nmessage, and cl eared on the
second nessage
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Common Header
RP1 with Reg-1D1 and P2MP=1 and F-bit=1
OF (optional)
END- PO NTS1 for P2MP
RROL |i st

Common Header
RP2 with Reg-1D1 and P2MP=1 and F-bit=0
OF (optional)
END- PO NTS1 for P2MP
RROL |i st

Sept enber 2010

Figure 8. PCReq Message Fragnentation Exanpl e

To handl e a scenario where the |ast fragnented nessage piece is |lost,
the receiver side of the fragnented nessage may start a tiner once it
receives the first piece of the fragnented nessage.
and it has not received the | ast piece of the fragnented

it should send an error nmessage to the sender to signal that
it has received an inconplete nessage. The relevant error nessage is

expires
nmessage,

docunented in Secti

3.14. UNREACH DESTI NATI ON (pbj ect

The PCE

pat h conputation request nay fail because al

the destinations are unreachabl e.

In such a case,

When the tiner

on 3.15 (" P2MP PCEP- ERROR (hjects and Types").

or a subset of

t he UNREACH- DESTI NATI ON obj ect allows the PCE to

optionally specify the list of unreachabl e destinations.

Thi s object can be present in PCRep nessages. There can be up to one
such object per RP

The foll owi ng UNREACH- DESTI NATI ON obj ects will

UNREACH- DESTI NATI ON Obj ect-Cl ass is 28.
UNREACH- DESTI NATI ON Obj ect - Type for 1Pv4 is 1.
UNREACH- DESTI NATI ON Cbj ect - Type for IPv6 is 2
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The format of the UNREACH DESTI NATI ON obj ect body for |IPv4 (hject-
Type=1) is as follows:

0 1 2 3
01234567890123456789012345678901
I S i o T s S S S e s s T
| Destination | Pv4 address |
B i aT T e e o S o S S S I T et sl o ST S S S S S S

B T S i T s i i e e SEI S
Destinati on | Pv4 address
R i T I e T S S e S TR S T e i I S e S e e e e o o

Figure 9. UNREACH- DESTI NATI ON Obj ect Body for |Pv4

The format of the UNREACH DESTI NATI ON obj ect body for |Pv6 (Qbject-
Type=2) is as follows:

0 1 2 3
01234567890123456789012345678901
I i S T i S S e e I A ST S A S S

+-
I o I
| Destination | Pv6 address (16 bytes) |
I I
I I
B i aT T e e o S o S S S I T et sl o ST S S S S S S
B Tk sl T S S N S +.- +- B e T S o e T
I I
| Destination | Pv6 address (16 bytes) |
I I
I I
B i s T T i i o S o T Ji I

Figure 10. UNREACH DESTI NATI ON Ohj ect Body for |Pv6
3.15. P2MP PCEP- ERROR hjects and Types

To indicate an error associated with policy violation, a new error

val ue "P2MP Path conputation not all owed" should be added to the

existing error code for policy violation (Error-Type=5) as defined in
[ RFC5440] :
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Error-Type=5; Error-Value=7: if a PCE receives a P2MP path

comput ation request that is not conpliant with admnistrative
privileges (i.e., "The PCE policy does not support P2MP path
conputation"), the PCE MUST send a PCErr nmessage with a PCEP- ERROR
obj ect (Error-Type=5) and an Error-Value (Error-Value=7). The
correspondi ng P2MP path conputati on request MJST al so be cancel | ed.

To indicate capability errors associated with the P2MP path request,
a new Error-Type (16) and subsequent error-values are defined as
follows for inclusion in the PCEP- ERROR object:

Error-Type=16; Error-Value=1l: if a PCE receives a P2MP path request
and the PCE is not capable of satisfying the request due to
insufficient menory, the PCE MJUST send a PCErr message with a PCEP-
ERROR obj ect (Error-Type=16) and an Error-Value (Error-Value=1). The
correspondi ng P2MP path conputati on request MJST al so be cancel |l ed.

Error-Type=16; Error-Value=2: if a PCE receives a P2MP path request
and the PCE is not capable of P2MP conputation, the PCE MJUST send a
PCErr message with a PCEP- ERROR object (Error-Type=16) and an Error-
Val ue (Error-Value=2). The correspondi ng P2MP path conputati on
request MJST al so be cancel | ed.

To indicate P2MP nessage fragnentation errors associated with a P2M
path request, a new Error-Type (17) and subsequent error-values are
defined as follows for inclusion in the PCEP-ERROR object:

Error-Type=18; Error-Value=1l: if a PCE has not received the |ast

pi ece of the fragnented nessage, it should send an error nessage to
the sender to signal that it has received an inconpl ete nessage
(i.e., "Fragmented request failure"). The PCE MJST send a PCErr
message with a PCEP- ERROR object (Error-Type=18) and an Error-Val ue
(Error-Val ue=1).

3.16. PCEP NO PATH I ndi cat or

To comuni cate the reasons for not being able to find P2MP path
comput ati on, the NO PATH object can be used in the PCRep nessage

One new bit is defined in the NO PATH VECTOR TLV carried in the
NO PATH Obj ect :

bit 24: when set, the PCE indicates that there is a reachability
problemwith all or a subset of the P2MP destinations. Optionally,
the PCE can specify the destination or list of destinations that are
not reachabl e using the new UNREACH DESTI NATI ON obj ect defined in
Section 3. 14.
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4. Manageability Considerations

[ RFC5862] descri bes various manageability requirenents in support of
P2MP pat h conput ati on when applying PCEP. This section describes how
manageabi l ity requirenments nentioned in [ RFC5862] are supported in
the context of PCEP extensions specified in this docunent.

Not e that [ RFC5440] describes various manageability considerations in
PCEP, and nost of the manageability requirenments nentioned in
[ RFC5862] are already covered there.

4.1. Control of Function and Policy

In addition to PCE configuration parameters listed in [ RFC5440], the
foll owi ng additional paranmeters mght be required

o0 The ability to enable or disable P2MP path conputations on the
PCE.

o The PCE may be configured to enable or disable the advertisenent
of its P2MP path conputation capability. A PCE can advertise its
P2MP capability via the I GP discovery mechani smdi scussed in
Section 3.1.1 ("P2MP Conputation TLV in the Existing PCE D scovery
Protocol "), or during the Open Message Exchange di scussed in
Section 3.1.2 ("Open Message Extension").

4. 2. I nformati on and Dat a Model s

A nunber of M B objects have been defined for general PCEP contro
and nonitoring of P2P conputations in [PCEP-M B]. [RFC5862]
specifies that M B objects will be required to support the contro
and nonitoring of the protocol extensions defined in this docunent.
A new docurent will be required to define MB objects for PCEP
control and nonitoring of P2MP conputati ons.

4.3. Liveness Detection and Mnitoring

There are no additional considerations beyond those expressed in
[ RFC5440], since [RFC5862] does not address any additiona
requirenents.

4.4. Verifying Correct Operation

There are no additional requirenments beyond those expressed in

[ RFC4657] for verifying the correct operation of the PCEP sessions.

It is expected that future MB objects will facilitate verification
of correct operation and reporting of P2MP PCEP requests, responses,
and errors.
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4.5. Requirenments for Oher Protocols and Functional Conponents
The nethod for the PCE to obtain informati on about a PCE capabl e of
P2MP path computations via OSPF and IS-1S is discussed in
Section 3.1.1 ("P2MP Conputation TLV in the Existing PCE D scovery
Protocol ") of this docunent.

The subsequent | ANA assignnments are docunented in Section 6.9 ("GOSPF
PCE Capability Flag") of this docunent.

4.6. Inpact on Network Operation

It is expected that the use of PCEP extensions specified in this

docunent will not significantly increase the |evel of operationa
traffic. However, conputing a P2MP tree may require nore PCE state
conpared to a P2P conputation. In the event of a major network

failure and nultiple recovery P2MP tree conputation requests being
sent to the PCE, the |oad on the PCE may al so be significantly
i ncreased.

5. Security Considerations

As described in [ RFC5862], P2MP path conputation requests are nore
CPU-intensive and also utilize nore |ink bandwidth. |In the event of
an unaut hori zed P2MP path computation request, or a denial of service
attack, the subsequent PCEP requests and processing rmay be disruptive
to the network. Consequently, it is inmportant that inplenentations
conformto the relevant security requirenents of [RFC5440] that
specifically help to minimze or negate unauthorized P2MP path

conmput ation requests and denial of service attacks. These nechani sns
i ncl ude:

0 Securing the PCEP session requests and responses using TCP
security techniques (Section 10.2 of [RFC5440]).

0 Authenticating the PCEP requests and responses to ensure the
message is intact and sent from an authorized node (Section 10.3
of [ RFC5440]).

o0 Providing policy control by explicitly defining which PCCs, via IP
access-lists, are allowed to send P2MP path requests to the PCE
(Section 10.6 of [RFC5440]).

PCEP operates over TCP, so it is also inportant to secure the PCE and
PCC agai nst TCP deni al of service attacks. Section 10.7.1 of

[ RFC5440] outlines a nunber of nechanisns for minimzing the risk of
TCP based deni al of service attacks agai nst PCEs and PCCs.
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PCEP i nmpl enent ati ons SHOULD consi der the additional security provided
by the TCP Authentication Option (TCP-AO [RFC5925].

6. | ANA Consi derations

I ANA nmaintains a registry of PCEP paranmeters. A number of | ANA
consi derati ons have been highlighted in previous sections of this
docunent. | ANA has made the follow ng all ocations.

6.1. PCEP TLV Type Indicators

As described in Section 3.1.2., the newWy defined P2MP capability TLV
allows the PCE to advertise its P2MP path computation capability.

I ANA has nmade the followi ng allocation fromthe "PCEP TLV Type

I ndi cators” sub-registry.

Ref er ence
RFC 6006

Val ue Description
6 P2MP capabl e

6.2. Request Parameter Bit Flags
As described in Section 3.3.1, three new RP (bj ect Flags have been

defined. |ANA has nade the followi ng allocations fromthe PCEP "RP
Obj ect Flag Field" sub-registry:

Bit Descri ption Ref erence
18 Fragnmentation (F-bit) RFC 6006
19 P2MP (N-bit) RFC 6006
20 ERO- conpression (E-bit) RFC 6006

6.3. (bjective Functions

As described in Section 3.6.1, two new Cbjective Functi ons have been
defined. |ANA has nade the follow ng allocations fromthe PCEP
"Cbj ective Function" sub-registry:

Code Poi nt Nane Ref er ence
7 SPT RFC 6006
8 MCT RFC 6006

6.4. Metric ohject Types

As described in Section 3.6.2, three new netric object T fields have
been defined. |1ANA has nmade the following allocations fromthe PCEP
"METRIC Object T Field" sub-registry:
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Val ue Descri ption Ref er ence
8 P2MP I GP netric RFC 6006
9 P2MP TE netric RFC 6006
10 P2MP hop count netric RFC 6006

6.5. PCEP bjects

As discussed in Section 3.3.2, two new END- PO NTS (bj ect-Types are
defined. |ANA has nade the follow ng Object-Type allocations from
the "PCEP (bj ects" sub-registry:

oj ect-d ass Val ue
Name
oj ect - Type

Ref er ence

4

END- PO NTS

3: IPv4

4: | Pv6

5-15: Unassi gned
RFC 6006

As described in Section 3.2, Section 3.11.1, and Section 3.14, four
PCEP (bj ect-C asses and si x PCEP (Obj ect-Types have been defi ned.
| ANA has nmade the following allocations fromthe "PCEP Ohjects" sub-

registry:
oj ect-d ass Val ue
Name
oj ect - Type
Ref er ence
hj ect - A ass Val ue
Name
oj ect - Type
Ref er ence
hj ect - A ass Val ue
Name
oj ect - Type

Ref er ence

Zhao, et al.
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UNREACH- DESTI NATI ON
1. 1Pv4d

2: 1Pv6

3-15: Unassi gned
RFC 6006

29

SERO

1. SERO

2-15: Unassi gned
RFC 6006

30

SRRO

1: SRRO

2-15: Unassi gned
RFC 6006
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oj ect-d ass Val ue 31
Narme Branch Node Capability Object
oj ect - Type 1: Branch node |i st
2: Non-branch node |i st
3-15: Unassi gned
Ref er ence RFC 6006

6.6. PCEP-ERROR Objects and Types

As described in Section 3.15, a nunber of new PCEP- ERROR bject Error
Types and Val ues have been defined. |ANA has nade the follow ng

al l ocations fromthe PCEP "PCEP- ERROR Object Error Types and Val ues"
sub-registry:

Error
Type Meaning Ref erence
5 Policy violation

Error-val ue=7: RFC 6006
P2MP Pat h computation is not all owed

16 P2MP Capability Error
Error-Val ue=0: Unassi gned RFC 6006
Error-Val ue=1: RFC 6006
The PCE is not capable to satisfy the request
due to insufficient nenory
Error - Val ue=2: RFC 6006
The PCE is not capabl e of P2MP conputation

17 P2MP END- PO NTS Error

Error- Val ue=0: Unassi gned RFC 6006

Error-Val ue=1: RFC 6006
The PCE is not capable to satisfy the request
due to no END-PONTS with |eaf type 2

Err or - Val ue=2: RFC 6006
The PCE is not capable to satisfy the request
due to no END-PONTS with |l eaf type 3

Error-Val ue=3: RFC 6006
The PCE is not capable to satisfy the request
due to no END-PONTS with | eaf type 4

Err or - Val ue=4: RFC 6006
The PCE is not capable to satisfy the request
due to inconsistent END PO NTS

18 P2MP Fragnentation Error
Error-Val ue=0: Unassi gned RFC 6006
Err or - Val ue=1: RFC 6006
Fragnmented request failure
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6.

6.

6.

8.

8.

7. PCEP NO PATH I ndi cat or
As discussed in Section 3.16, a new NO PATH VECTOR TLV Fl ag Fi el d has
been defined. |1ANA has nmade the followi ng allocation fromthe PCEP
"NO PATH VECTOR TLV Flag Fi el d" sub-registry:
Bi t Descri ption Ref er ence
24 P2MP Reachability Problem RFC 6006
8. SVEC Ohject Flag
As discussed in Section 3.12, two new SVEC Object Flags are defined.

| ANA has rmade the followi ng allocation fromthe PCEP "SVEC (bject
Flag Field" sub-registry:

Bit Description Ref erence
19 Partial Path D verse RFC 6006
20 Link Direction Diverse RFC 6006

9. OSPF PCE Capability Flag
As discussed in Section 3.1.1, a new OSPF Capability Flag is defined
to indicate P2MP path conputation capability. |ANA has made the
foll owi ng assignnent fromthe OSPF Paraneters "Path Conputation
El ement (PCE) Capability Flags" registry:
Bit Description Ref erence
10 P2MP path conputation RFC 6006
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