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Abst r act

The Hierarchical Path Conputation El enent (H PCE) architecture,
defined in the conpanion framework docunment [RFC6805], provides a
mechanismto all ow the opti mum sequence of domains to be sel ected,
and the opti mum end-to-end path to be derived through the use of a
hi erarchi cal rel ationship between donains.

Thi s docunent defines the Path Conputation El ement Protocol (PCEP)

ext ensions for the purpose of inplenenting H erarchical PCE

procedures which are described in the aforenenti oned docunent.
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 docunments of the Internet Engineering
Task Force (IETF). Note that other groups may also distribute
wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.
Internet-Drafts are draft docunments valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."
This Internet-Draft will expire on August 29, 2013.
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docunment authors. All rights reserved.

This docunment is subject to BCP 78 and the | ETF Trust’s Lega
Provisions Relating to | ETF Docunents
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include Sinplified BSD License text as described in Section 4.e of
the Trust Legal Provisions and are provided without warranty as
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1. Introduction

[ RFC6805] describes a Hierarchical PCE (H PCE) architecture which can
be used for conputing end-to-end paths for inter-domain MPLS Traffic
Engi neering (TE) and GWLS Label Switched Paths (LSPs).

Wthin the hierarchical PCE architecture, the parent PCE is used to
compute a multi-domain path based on the domain connectivity
information. A child PCE may be responsible for a single domain or
multiple donmains, it is used to conpute the intra-domain path based
on its donain topology information.

The H PCE end-to-end domain path conputation procedure is described
bel ow.

0 A path conputation client (PCC) sends the inter-domain path
conmputation requests to the child PCE responsible for its donain;

o The child PCE forwards the request to the parent PCE

0 The parent PCE conputes the likely domain paths fromthe ingress
domain to the egress donmi n;

0 The parent PCE sends the intra-donmain path conputation requests
(between the donmai n border nodes) to the child PCEs which are
responsi ble for the domains al ong the domai n path;

0 The child PCEs return the intra-domain paths to the parent PCE

0 The parent PCE constructs the end-to-end inter-donmain path based
on the intra-domain paths

0 The parent PCE returns the inter-domain path to the child PCE

o0 The child PCE forwards the inter-donmain path to the PCC

In addition, the parent PCE may be requested to provide only the
sequence of domains to a child PCE so that alternative inter-domain
pat h conputati on procedures, including Per Dormain (PD) [RFC5152] and
Backwar ds Recursive Path Conputation (BRPC) [ RFC5441] may be used.
Thi s docunment defines the PCEP extensions for the purpose of

i mpl ementing Hierarchical PCE procedures, which are described in
[ RFC6805] .
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1.1. Scope
The follow ng functions are out of scope of this docunent.
o Finding end point addresses;
o Parent Traffic Engineering Dabase (TED) nethods;
o Domain connectivity;
The docunent al so uses a nunber of [editor notes] to describe options
and alternative solutions. These options and notes will be renoved
bef ore publication once agreenent is reached.

1.2. Term nol ogy

Thi s docunent uses the term nol ogy defined in [ RFC4655], [ RFC5440]
and the additional terns defined in section 1.4 of [RFC6805].

1.3. Requirenents Language
The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunment are to be interpreted as described in [ RFC2119].

2. Requirenments for H PCE

This section conpiles the set of requirenents of the PCEP protocol to
support the H PCE architecture and procedures.

[ RFC6805] identifies high-level requirenents of PCEP extensions
required to support the hierarchical PCE nodel

2.1. PCEP Requests

The PCReq nessages are used by a PCC or PCE to nake a path

computation request to a PCE. In order to achieve the ful
functionality of the H PCE procedures, the PCReq nessage needs to
i ncl ude:

0 Qualification of PCE Requests.
0o Milti-domain Cbjective Functions (OF).

o Milti-domain Metrics.
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2

2

1.

1.

1. «Qualification of PCEP Requests

As described in section 4.8.1 of [RFC6805], the H PCE architecture
i ntroduces new request qualifications, which are:

o It MIST be possible for a child PCE to indicate that a request it
sends to a parent PCE should be satisfied by a domai n sequence
only, that is, not by a full end-to-end path. This allows the
child PCE to initiate a per-domain (PD) [RFC5152] or a backward
recursive path conputation (BRPC) [ RFC5441].

0 As stated in [ RFC6805], section 4.5, if a PCC knows the egress
domain, it can supply this information as the path conputation
request. It SHOULD be possible to specify the destination domain
information in a PCEP request, if it is known.

2. Milti-domain Objective Functions

For inter-domain path conputation, there are two new objective
functions which are defined in section 1.3.1 and 4.1 of [RFC6805]:

0 Mnimze the nunber of dommins crossed. A domain can be either an
Aut ononobus System (AS) or an Internal Gateway Protocol (IGP) area
dependi ng on the type of nulti-donmain network hierarchical PCE is
applied to.

o Disallow domain re-entry.[Editor’s note: Disallow domain re-entry
may not be an objective function, but an option in the request].

Duri ng the PCEP session establishnment procedure, the parent PCE needs
to be capabl e of indicating the Objective Functions (OF) capability
in the Open nessage. This capability information may then be
announced by child PCEs, and used for selecting the PCE when a PCC
wants a path that satisfies one or nultiple inter-domain objective
functions.

When a PCC requests a PCE to conpute an inter-domain path, the PCC
needs al so to be capable of indicating the new objective functions
for inter-domain path. Note that a given child PCE may al so act as a
parent PCE

For the reasons described previously, new OF codes need to be defined
for the new inter-donmain objective functions. Then the PCE can
notify its new inter-domain objective functions to the PCC by
carrying themin the OF-list TLV which is carried in the OPEN object.
The PCC can specify which objective function code to use, which is
carried in the OF object when requesting a PCE to conpute an inter-
domai n pat h.
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The proposed solution may need to differentiate between the OF code
that is requested at the parent level, and the OF code that is
requested at the intra-domain (child domain).

A parent PCE MJUST be capabl e of ensuring honbgeneity, across donains,
when appl yi ng OF codes for strict OF intra-donmain requests.

2.1. 3. Mul ti-domain Metrics

For inter-domain path conputation, there are several path netrics of
interest [Editor’s note: Current franmework only nentions netric
objectives. The nmetric itself should be al so defined]:

0 Domain count (nunber of domains crossed).
o Border Node count.

A PCC may be able to limt the nunber of domains crossed by applying
alinmt on these netrics.

2.2. Parent PCE Capability D scovery

Parent and child PCE rel ationships are likely to be confi gured.
However, as mentioned in [ RFC6805], it would assist network operators
if the child and parent PCE could indicate their H PCE capabilities.

During the PCEP session establishnment procedure, the child PCE needs
to be capable of indicating to the parent PCE whether it requests the
parent PCE capability or not. Also, during the PCEP session

est abl i shnent procedure, the parent PCE needs to be capabl e of

i ndi cating whether its parent capability can be provided or not.

2.3. PCE Domain and PCE ID Discovery

A PCE donmain is a single domain with an associated PCE. Although it
is possible for a PCE to nanage multiple domains. The PCE domai n nmay
be an | GP area or AS.

The PCE IDis an IPv4 and/or | Pv6 address that is used to reach the
parent/child PCE. It is RECOMVENDED to use an address that is always
reachable if there is any connectivity to the PCE

The PCE ID information and PCE domain identifiers nay be provided

during the PCEP session establishment procedure or the domain
connectivity information collection procedure.
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3. PCEP Extensions (Encoding)

3. 1.

3.1. 1.

OPEN obj ect

OF Codes

There are two new OF codes defined here for H PCE

3.1. 2.

MID
* Nanme: Mnimze the nunber of Transit Donai ns.

* (bjective Function Code: (to be assigned by | ANA, recomended
12).

* Description: Find a path P such that it passes through the
| nunber of transit domains.

MBN
* Nanme: Mnimze the nunber of border nodes.

* (bjective Function Code: (to be assigned by | ANA, recomended
13).

* Description: Find a path P such that it passes through the
| east nunber of border nodes.

DDR
* Nane: Disallow Domain Re-entry (DDR)

* (bjective Function Code: (to be assigned by I ANA, recomended
14)

* Description: Find a path P such that does not entry a donain
nmore than once

OPEN nhj ect Fl ags

There are two OPEN object flags defined here for H PCE

(0]

Zhang,

Parent PCE Request bit (to be assigned by | ANA, recomended bit
0): if set, it would signal that the child PCE wi shes to use the
peer PCE as a parent PCE

Parent PCE Indication bit (to be assigned by | ANA, reconmended bit
1): if set, it would signal that the PCE can be used as a parent
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PCE by the peer PCE
3.1.3. Dommin-1D TLV

The type of Donmain-I1D TLV is to be assigned by | ANA (recommended 7).
The length is variable. The format of this TLV is defined bel ow

0 1 2 3
01234567890123456789012345678901
B T i S S i S T h T i S S S S e
| Domai n Type | Reserved |
B E e r e s i s i o T T s S S S S 2
| Donmain I D |
/1 /1
| |

B T i S S i S T h T i S S S S e
Figure 1: Donmain-1D TLV

Domain Type (8 bits): Indicates the domain type. Two types of domain
are currently defined:

0 Type=1l: the Donmain ID field carries an |GP Area | D
0 Type=2: the Donain ID field carries an AS nunber.

Domain ID (variable): Indicates an I1GP Area ID or AS nunber. It can
be 2 bytes, 4 bytes or 8 bytes | ong depending on the donain
identifier used.

[Editor’s note: draft-dhody-pce-pcep-donai n-sequence, section 3.2
deals with the encoding of domai n sequences, using ERO subobjects.
Wirk is ongoing to define domain identifiers for OSPF-TE areas, 1S 1S
area (which are variable sized), 2-byte and 4-byte AS nunber, and any
other domain that nmay be defined in the future. It uses RSVP-TE
subobj ect discrininators, rather than new type 1/ type 2. A domain
sequence nmay be encoded as a route object. The "VALUE" part of the
TLV coul d foll ow conmon RSVP-TE subobj ect format:
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0 1 2 3
01234567890123456789012345678901
B i S S T s i S T st i S S S S S S S S i
| O] Type [ Length [ Reserved [
B e i i e o e e S T S e e s i i TR S
[ AS Id (4 bytes) |
B e o i T o S e i T e e e S i s ot o S R TR S

0 1 2 3
01234567890123456789012345678901
B i i S S i I e i S S R L e e e e
| O] Type | Length | AS Id (2 bytes) |
R R e R e s s e o S S e R e o o

Figure 2: Alternative Domain-1D TLV
3.1.4. PCE-ID TLV

The type of PCE-ID TLV is to be assigned by | ANA (recommended 8).
The length is variable. The format of this TLV is defined bel ow

0 1 2 3
01234567890123456789012345678901
B E e r e s i s i o T T s S S S S 2
[ Addr ess Type [ Reserved [
B i s T T S T et S S T S I T s sl s ol ST S S S

| |
/1 PCE | P Address /1

T T e o e e S S e e TR E
Figure 3: PCE-1D TLV

Address Type (16 bits): Indicates the address type of PCE | P Address.
1 neans | Pv4 address type, 2 neans | Pv6 address type.

PCE | P Address: Indicates the reachabl e address of a PCE

[Editor’s note: [RFC5886] already defines the PCE-1D object. If a
semantically equivalent PCE-1D TLV is needed (to avoid nodi fying
message gramars to include the object), it can align with the PCEP
object: in any case, the length (4 / 16 bytes) can be used to know
whether it is an IPv4 or an | Pv6 PCE, the address type is not
needed. ]
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3.2. RP object
3.2.1. RP (Object Flags

The following flags are defined:

0 Domein Path Request bit (to be assigned by | ANA, reconmended bit
17): if set, it means the child PCE wi shes to get the domain
sequence.

0 Destination Donmain Query bit (to be assigned by | ANA reconmended
bit 16): if set, it neans the parent PCE wi shes to get the
destination domain ID

3.2.2. Donmain-1D TLV

The format of this TLV is defined in Section 3.1.3. This TLV can be

carried in an OPEN object to indicate a (list of) managed domai ns, or

carried in a RP object to indicate the destination domain |ID when a

child PCE responds to the parent PCE s destination domain query by a

PCRep nmessage

[Editors note. |In some cases, the Parent PCE may need to allocate a
node which is not necessarily the destination node.]

3.3. Metric nject
There are two new netrics defined in this document for H PCE
o Domain count (nunber of dommins crossed).
0 Border Node Count (nunber of border nodes crossed).

3.4. PCEP- ERROR obj ect

3.4.1. Hi erarchy PCE Error-Type

A new PCEP Error-Type is allocated for hierarchy PCE (to be assigned
by I ANA, recomended 19):

S S NS +
| Error-Type | Meaning [
T T NS +
| 19 | H-PCE error Error-value=1l: parent PCE capability |
| | cannot be provided |
Fom e e o o mm o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ee oo +

H- PCE error table
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3. 5.

4.

4.

1.

NO- PATH Obj ect

To comuni cate the reason(s) for not being able to find a nulti-
domai n path or domain sequence, the NO PATH object can be used in the
PCRep nmessage. [RFC5440] defines the format of the NO PATH object.
The object nmay contain a NO PATH VECTOR TLV to provi de additiona

i nformati on about why a (domain) path conputation has failed

Three new bit flags are defined to be carried in the Flags field in
t he NO PATH VECTOR TLV carried in the NO PATH nject.

0o Bit 23(to be assigned by I ANA): Wen set, the parent PCE indicates
that destination domai n unknown;

0o Bit 22(to be assigned by I ANA): Wen set, the parent PCE indicates
un-responsive child PCE(s);

0o Bit 21(to be assigned by I ANA): Wen set, the parent PCE indicates
no avail abl e resource available in one or nore donain(s).

H PCE Procedures
OPEN Procedure between Child PCE and Parent PCE

If a child PCE wants to use the peer PCE as a parent, it can set the
parent PCE request bit in the OPEN object carried in the Open nessage
during the PCEP session creation procedure. |If the peer PCE does not
want to provide the parent function to the child PCE, it nust send a
PCErr message to the child PCE and clear the parent PCE indication
bit in the OPEN object.

If the parent PCE can provide the parent function to the peer PCE, it
may set the parent PCE indication bit in the OPEN object carried in
the Open nmessage during the PCEP session creation procedure.

The PCE may al so report its PCE ID and list of domain ID to the peer
PCE by specifying themin the PCE-1D TLV and List of Domain-ID TLVs
in the OPEN object carried in the Open nmessage during the PCEP
session creation procedure.

The OF codes defined in this docunent can be carried in the OF-1ist
TLV of the OPEN object. If the OF-list TLV carries the OF codes, it
means that the PCE is capable of inplenenting the corresponding

obj ective functions. This information can be used for selecting a
proper parent PCE when a child PCE wants to get a path that satisfies
a certain objective function.
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When a specific child PCE sends a PCReq to a peer PCE that requires
parental activity and the peer PCE does not want to act as the parent
for it, the peer PCE should send a PCErr nessage to the child PCE and
specify the error-type (I ANA) and error-value (1) in the PCEP- ERROR
obj ect.

4.2. Procedure to obtain Domai n Sequence

If achild PCE only wants to get the domain sequence for a multi-
domai n path conputation froma parent PCE, it can set the Donmain Path
Request bit in the RP object carried in a PCReq nessage. The parent
PCE whi ch receives the PCReq nessage tries to conpute a donain
sequence for it. |f the donmain path conputation succeeds the parent
PCE sends a PCRep nessage which carries the domain sequence in the
ERO to the child PCE. The domain sequence is specified as AS or AREA
ERO sub-obj ects (type 32 for AS [ RFC3209] or a to-be-defined IGP area
type). Oherwise it sends a PCReq nessage which carries the NO PATH
object to the child PCE

5. Error Handling

A PCE that is capable of acting as a parent PCE night not be
configured or willing to act as the parent for a specific child PCE
This fact could be determ ned when the child sends a PCReq that
requires parental activity (such as querying other child PCEs), and
could result in a negative response in a PCEP Error (PCErr) message
and indicate the hierarchy PCE error types.

Additionally, the parent PCE may fail to find the nulti-donmain path
or domai n sequence due to one or nore of the follow ng reasons:

0o A child PCE cannot find a suitable path to the egress;
0 The parent PCE do not hear froma child PCE for a specified tineg;

o The objective functions specified in the path request cannot be
met .

In this case, the parent PCE MAY need to send a negative path
conmputation reply specifying the reason. This can be achi eved by

i ncl udi ng NO PATH object in the PCRep nessage. Extension to NO PATH
obj ect is needed to include the aforenentioned reasons.

6. Manageability Considerations

TBD.
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7. | ANA Consi derati ons

As per [RFC5226], IANA is requested to create/update the foll ow ng
registries

7.1. bjective Function (OF) codes

o m oo - [ B +
| Value | Meaning | Ref er ence

E SR E S S +
| 12 | MBN | This docunent |
| 13 | MID | This document |
| 14 | DDR | This document |
o m oo - [ B +

7.2. OPEN nhject Flags

TS o e e e e e aa oo o e oo +
| Bit Nunber | Meani ng | Ref erence

B RS B B +
| 0 | Parent PCE Request | This docunent

[ 1 | Parent PCE Indication | This docunment |
TS o m e e e e oo o e oo +

7.3. RP (bject Flags

Fom e e o e e e e e e e e o e e e o +
| Bit Nunber | Meani ng [ Ref erence

TS oo o e oo +
| 17 | Dormain Path Request | This docunent |
S Fom e e e oo T +

I . S . +
| Val ue | Meani ng [ Ref erence [
oo - e N e +
| X | I nterdomain Link | Thi s docunment (section Section |
[ [ TLV [ 3.3.2) [
[ X [ I nt erdomai n Node | Thi s docunent (section Section [
| | TLV | 3.3.3) |
N T T e +
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7.5. PCEP PCEP- ERROR types

February 2013

Type Val ue Meani ng
H PCE Error 19 1 parent PCE capability cannot be provided
2 TBD
3 TBD

7.6. New No- Pat h Reasons

Fom e e o o e e e e e e e e e e e e e e e e e e eo oo
| Bit Nunber | Narme

N . T
| 23 | destination domai n unknown

| 22 | un-responsive child PCE(s)

| 21 | no resource available in sone

[ [ domai ns

S .

8. Security Considerations

To be added.
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