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Abstract

Thi s docunent provides the Path Conputation El enent Communi cation
Prot ocol (PCEP) extensions for the support of Routing and Spectrum
Assignnent (RSA) in Flexible Gid networks.

Status of This Meno
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Internet-Drafts are working documents of the Internet Engineering
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wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at https://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 1 April 2026.
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Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Documents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these docunents carefully, as they describe your rights
and restrictions with respect to this docunent. Code Conponents
extracted fromthis docunment nust include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded without warranty as described in the Revised BSD License.
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1.

Ter mi nol ogy

Thi s docunent uses the term nol ogy defined in [ RFC4655], [RFC5440],
and [ RFC7698] .

Requi renent s Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMVENDED', "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
capitals, as shown here.

I nt roducti on

[ RFC4655] defines a Path Conputation Elenment (PCE) based path
conputation architecture and explains how a Path Conputation El enent
(PCE) may conpute Label Switched Paths (LSP) in Miltiprotocol Label
Switching Traffic Engineering (MPLS-TE) and Generalized MPLS ( GVPLS)
networ ks at the request of Path Computation Clients (PCCs). A PCCis
said to be any network conponent that nakes such a request and may
be, for instance, an Optical Switching Elenent within a Wavel ength
Division Miultiplexing (WDM network. The PCE, itself, can be |ocated
anywhere within the network, and may be within an optical sw tching
el ement, a Network Managenent System (NMS) or Operational Support
System (OSS), or may be an independent network server.

The PCE communi cations Protocol (PCEP) is the comrunication protocol
used between a PCC and a PCE, and can al so be used between
cooperating PCEs. [RFC4657] sets out the common protocol
requirenents for PCEP. Additional application-specific requirenments
for PCEP are deferred to separate documents.

[ RFC8780] provides the PCEP extensions for the support of Routing and
Wavel engt h Assi gnment (RWA) in Wavel ength Switched Optical Networks
(WSON) based on the requirenents specified in [ RFC6163] and

[ RFC7449] .
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To allow efficient allocation of optical spectral bandw dth for
systens that have high bit-rates, the International Tel ecomruni cation
Uni on Tel ecomuni cati on Standardi zati on Sector (1 TU-T) has extended
its Recommendations [ITU-T _G 694.1] to include a new Dense Wavel ength
Division Multiplexing (DADM grid by defining a set of nom na

central frequencies, channel spacings, and the concept of the
"frequency slot". In such an environnent, a data-plane connection is
swi tched based on all ocated, variabl e-sized frequency ranges within
the optical spectrum creating what is known as a flexible grid
(flexi-grid). [RFC7698] provides Franework and Requirenents for
GWPLS- Based Control of Flexi-Gid Dense Wavel ength Di vi sion

Mul tipl exi ng (DWDM Net wor ks.

The ternms "Routing and Spectrum Assi gnnent” (RSA) is introduced in

[ RFC7698] to refer to the process determines a route and frequency
slot for an LSP. Hence, when a route is conputed, the spectrum

assi gnnent process determ nes the central frequency and slot w dth.
The term "Spectrum Swi tched Optical Networks" is also introduced in
[RFC7698] to refer to a flexi-grid enabl ed DADM networ k, whi ch can be
controlled by a GWLS or PCE control plane.

Thi s docunent provi des PCEP extensions to support RSA in Flexi-grid
net wor ks.

Figure 1 shows one typical PCE based inpl enentation, which is
referred to as the Combi ned Routing and Spectrum Assi gnment ( RSA)
[RFC7698]. Wth this architecture, the two processes of routing and
spect rum assi gnnment are accessed via a single PCE. This architecture
is the base architecture fromwhich the PCEP extensions are specified
in this document.

o oo +
+--m - - + | Fommm e + +- -+ |
I I I | Rout i ng| | SAl I
| PCC|<----- >| S + +- -+ |
I I I I
+----- + | PCE |

o oo +

Fi gure 1: Conbi ned Routing and Spectrum Assignment Architecture
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4.

Spectrum Assi gnnent (SA) Obj ect

Thi s docunent aligns with GVWPLS extensions for PCEP [ RFC8779] for
generic property such as | abel, |abel-set and | abel assignnent noting
that frequency is a type of label. Frequency restrictions and
constraints are also fornulated in terns of |abels per [RFC7579].

Spectrum al | ocati on can be perforned by the PCE by different neans:

a. By nmeans of Explicit Label Control (ELC) where the PCE allocates
which | abel to use for each interface/node al ong the path.

b. By neans of a Label Set where the PCE provides a range of
potential frequency slots to allocate by each node al ong the
pat h.

Option b. allows distributed spectrum allocation (perfornmed during
signaling) to conplete spectrum assignnent. Additionally, given a
range of potential spectrunms to allocate, a PC Request SHOULD convey
the heuristic / nechanismto the allocation

The format Routing Backus-Naur Form (RBNF) [ RFC5511] of a PCReq
message per [ RFC5440] after incorporating the Spectrum Assi gnnent
(SA) nject is as follows:

<PCReq Message> ::= <Common Header >
[ <svec-li st >]
<request-list>

Wher e:
<request-1list>::=<request>[<request-Ilist>]
<request >: : = <RP>

<GENERAL| ZED ENDPQO NTS>
[ <SA>]

[ot her optional objects...]
If the SA bject is present in the PCReq nmessage, it MJST be encoded
after the GENERALI ZED ENDPO NTS (bj ect .

The SA hject-Class is TBD1 (to be assigned by ANA). The SA hject-
Type is 1.

The format of the Spectrum Assignment (SA) Object body is as shown in
Fi gure 2.
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+

Figure 2: SA bject
Reserved (16 bits)
Flags (16 bits)
One Flag bit is allocated as foll ows:
M (Mde - 1 bit): Mbit is used to indicate the node of spectrum
assignnent. When the Mbit is set to 1, this indicates that the
spect rum assi gned by the PCE nmust be explicit. That is, the selected

way to convey the allocated spectrumis by neans of Explicit Labe
Control (ELC) [RFC4003] for each hop of a conmputed LSP. O herw se,

the spectrum assigned by the PCE needs not be explicit (i.e., it can
be suggested in the formof Label Set (bjects in the correspondi ng
response, to allow distributed SA. 1n such case, the PCE MIJST return

a Label Set Field as described in Section 2.6 of [RFC7579] in the
response. See Section 5 of this docunent for the encodi ng di scussion
of a Label Set Field in a PCRep nessage.

4.1. Frequency Slot Selection TLV

The Frequency Slot Selection TLV is used to indicate the frequency
sl ot selection constraint in regard to the order of frequency sl ot
assignnent to be returned by the PCE. This TLV is only applied when
the Mbit is set in the SA Object specified in Section 4. This TLV
SHOULD NOT be present and MJST be ignored when the Mbit is clear

The Frequency Slot Selection TLV value field is defined as:

0 1 2 3
01234567890123456789012345678901
B T I e R i i i T S S e e I e ik oI I S S e S S
| S| FSA Method | Reserved |
el i I e i it T e e e e i i T o S e e S e T R R
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4.

2

Frequency Sl ot Assignnent (FSA) Method (7 bits):

* 0: unspecified (any); This does not constrain the SA nethod used
by a PCC This value is inplied when the Frequency Sl ot Sel ection
TLV is absent.

* 1. First-Fit. Al the feasible frequency slots are nunbered
(based on 'n’ paraneter), and this SA nethod chooses the avail able
frequency slot with the | owest index, where 'n’ is the parameter
inf =193.1 THz + n x 0.00625 THz where 193.1THz is the ITUT
"anchor frequency’ and 'n’ is a positive integer including O
[ RFC7698] .

* 2: Random This SA method chooses a feasible frequency slot val ue
of 'n’ randomy

* 3-127: Unassi gned.

S (Symretry, 1 bit): This flag is only neani ngful when the request is
for a bidirectional LSP (see [ RFC5440]). O denotes requiring the same
frequency slot in both directions; 1 denotes that different spectruns
on both directions are all owed.

The Frequency Slot Selection TLV type is TBD2 (to be assigned by
| ANA) .

If a PCE does not support the attribute(s), its behavior is specified
bel ow:

* S bit clear not supported: a PathErr MJUST be generated with the
Error Code "Routing Probleni (24) with error sub-code "Unsupported
Frequency Slot Selection Symmretry val ue" (TBD3).

* FSA met hod not supported: a PathErr MJST be generated with the
Error Code "Routing Problent (24) with error sub-code "Unsupported
Frequency Sl ot Assignnent val ue" (TBD4).

Frequency Slot Restriction Constraint TLV

For any request that contains a frequency slot assignnent, the
requester (PCC) nust be able to specify a restriction on the
frequency slots to be used. This restriction is to be interpreted by
the PCE as a constraint on the tuning ability of the origination

| aser transmitter or on any other maintenance related constraints.
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The Frequency Slot Restriction Constraint TLV type is TBD5 (to be
assigned by 1ANA). This TLV MAY appear nore than once to be able to
specify multiple restrictions. The TLV data is defined as shown in
Fi gure 3.

0 1 2 3
01234567890123456789012345678901
B i s T T i i o S o T Ji I
Action | Count | Reserved |
B S S i i i i T T a ik S S S S S

Link Identifiers |

I S I ih (i S S U Y S T ST S ST S S S i S S S S e
Frequency Slot Restriction Field |

o /1
T I T S S i T T S AR

+— +—

~
~

Figure 3: Spectrum Restriction Constraint TLV Encodi ng

The fields in the TLV are as foll ows:

*

Zheng,

Action: 8 bits.

0 - Inclusive List indicates that one or nore link identifiers
are included in the Link Set. Each identifies a separate |ink
that is part of the set.

1 - Inclusive Range indicates that the Link Set defines a range
of links. It contains two link identifiers. The first
identifier indicates the start of the range (inclusive). The
second identifier indicates the end of the range (inclusive).
Al links with nuneric val ues between the bounds are consi dered
to be part of the set. A value of zero in either position
indicates that there is no bound on the correspondi ng portion
of the range. Note that the Action field can be set to 0 when
unnunbered link identifier is used.

Count: The nunber of the link identifiers (8 bhits).

Reserved: Reserved for future use (16 bits).

Link Identifiers: Identifies each link ID for which restriction is
applied. The length is dependent on the Iink format and the Count
field. See Section 4.3.1 in [RFC8780] for Link ldentifier

encodi ng.
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A PCC MAY add a frequency slot restriction that applies to all links
by setting the Count field to zero and specifying just a set of
frequency sl ots.

Note that all link identifiers in the sanme |ist nust be of the same
t ype.

4.2.1. Frequency Slot Restriction Field

5.

The Frequency Slot Restriction Field of the Frequency sl ot
restriction TLV is encoded as defined in Section 4.2 of [RFC8363].

Encodi ng of an RSA Path Reply

This section provides the encoding of an RSA Path Reply, in the
PCRep/ PCUpd nessage, for frequency slot allocation as discussed in
Section 4. The Spectrum Al location TLV type is TBD6 (to be assigned
by 1ANA). The TLV data is defined as shown in Figure 4.

[ RFC7570] describes how an attribute TLV ([ RFC5420]) can be carried
in an ERO as a TLV within an LSP Attribute Subobject to provide a
per-hop description of an LSP attribute. The Spectrum Assi gnment TLV
can be carried in the LSP Attribute Subobject to indicate the
spectrumto be assigned on the identified I|ink.

0 1 2 3
0123456789012345678901234567890
i i S S e s o i s S S S S S SR S N S
| Type | Lengt h

i e e T i o S e o o s e SR SR R SR
| Link Identifier

L- B e T T R T i i S i S S i S S
| Al l ocat ed Spectrum

11

s T o T e e i T S S S e S e T S TR S e S R
Figure 4: Spectrum Allocation TLV Encodi ng

* Type (16 bits): The type of the TLV (TBD6).

* Length (15 bits): The length of the TLV including the Type and
Length fields.

* M (Mde): 1 bit

Zheng, et al. Expires 1 April 2026 [ Page 9]

1
+-+

M

+-+
I
|

+-+

I
11
+-+



I nternet-Draft PCEP Ext for Flexi-grid Sept enber 2025

5.

5

1.

2

- O indicates the allocation is under Explicit Label Control
- 1 indicates the allocation is expressed in Label Sets.

* Link ldentifiers: Identifies each link ID for which restriction is
applied. The length is dependent on the Iink format and the Count
field. See Section 4.3.1 in [RFC8780] for Link Identifier
encodi ng.

* Allocated Spectrum (variable): Indicates the spectrumallocated to
the link identifier. See Section 4.3 of [RFC7699] for encoding
details.

Note that all link identifiers in the sane |list nmust be of the sane
t ype.

Error |ndicator

To indicate errors associated with the RSA request, a new Error Type
(TDB) and subsequent error-values are defined as follows for
inclusion in the PCEP- ERROR bj ect:

A new Error-Type (TBD7) and subsequent error-values are defined as
fol | ows:

* Error-Type=TBD7; Error-value=1l: if a PCE receives an RSA request
and the PCE is not capable of processing the request due to
insufficient menory, the PCE MJUST send a PCErr nmessage with a
PCEP- ERROR (nj ect (Error-Type=TDB) and an Error-val ue(Error-
val ue=1). The PCE stops processing the request. The
correspondi ng RSA request MJST be cancell ed at the PCC

* Error-Type=TBD7; Error-value=2: if a PCE receives an RSA request
and the PCE is not capable of RSA conputation, the PCE MJST send a
PCErr message with a PCEP- ERROR Object (Error-Type=TDB) and an
Error-value (Error-value=2). The PCE stops processing the
request. The correspondi ng RSA conputati on MJUST be cancel |l ed at
the PCC.

NO- PATH | ndi cat or

To comuni cate the reasons for not being able to find RSA for the
pat h request, the NO PATH Object can be used in the corresponding
response. The format of the NO PATH bject body is defined in
[ RFC5440]. The object may contain a NO PATH VECTOR TLV to provide
additional information about why a path conputation has fail ed.
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One new bit flag is defined to be carried in the Flags field in the
NO PATH VECTOR TLV carried in the NO PATH Obj ect.

* Bit TBD8: When set, the PCE indicates no feasible route was found
that neets all the constraints (e.g., spectrumrestriction, etc.)
associ ated with RSA.

6. Manageability Considerations

Manageabi lity of flexi-grid Routing and Spectrum Assi gnnent (RSA)
with PCE nmust address the follow ng considerations:

6.1. Control of Function and Policy

In addition to the paraneters already listed in Section 8.1 of
[ RFC5440], a PCEP i npl enentati on SHOULD al | ow configuring the
foll owi ng PCEP session paraneters on a PCC.

* The ability to send a Flexi-Gid RSA request.

In addition to the paraneters already listed in Section 8.1 of
[ RFC5440], a PCEP i npl enentati on SHOULD al | ow configuring the
foll owi ng PCEP session paranmeters on a PCE:

* The support for Flexi-Gid RSA

* A set of Flexi-&Gid RSA specific policies (authorized sender,
request rate limter, etc).

These paraneters nay be configured as default paraneters for any PCEP
session the PCEP speaker participates in, or may apply to a specific
session with a given PCEP peer or a specific group of sessions with a
specific group of PCEP peers.

6.2. Information and Data Mbdel s

Extensi ons to the PCEP YANG nodul e may include to cover the Flexi-
Gid RSA information introduced in this docunent. Liveness Detection
and Monitoring Mechani snms defined in this document do not inply any
new | i veness detection and nonitoring requirenents in addition to
those already listed in Section 8.3 of [RFC5440].

6.3. Verifying Correct Operation
Mechani sns defined in this docunent do not inply any new verification

requirenents in addition to those already listed in section 8.4 of
[ RFC5440] .
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6.4. Requirenments on Oher Protocols and Functional Conponents

The PCE Di scovery mechani snms ([ RFC5088] and [ RFC5089]) may be used to
advertise Flexi-Gid RSA path conputation capabilities to PCCs.

6.5. Inpact on Network Operation

Mechani sns defined in this docunent do not inply any new network
operation requirenents in addition to those already listed in
Section 8.6 of [RFC5440].

7. Inplenmentation Status

[ NOTE TO RFC EDI TOR This whol e section and the reference to
[ RFC7942] is to be renpbved before publication as an RFC

This section records the status of known inplenmentations of the
protocol defined by this specification at the tinme of posting of this
Internet-Draft, and is based on a proposal described in [ RFC7942].

The description of inplenentations in this section is intended to
assist the |ETF in its decision processes in progressing drafts to
RFCs. Please note that the listing of any individual inplenmentation
here does not inply endorsenent by the | ETF. Furthernore, no effort
has been spent to verify the information presented here that was
supplied by I ETF contributors. This is not intended as, and nust not
be construed to be, a catalog of available inplenentations or their
features. Readers are advised to note that other inplenentations may
exi st.

According to [ RFC7942]], "this will allow reviewers and wor ki ng
groups to assign due consideration to docunments that have the benefit
of running code, which may serve as evidence of val uable
experinmentation and feedback that have nade the inplenented protocols
nmore mature. It is up to the individual working groups to use this
informati on as they see fit".

7.1. Huawei Technol ogi es
At the time of posting the -10 version of this docunent, Huawei has

i npl emented sone of the features specified in this docunent, on the
WDM network. Details are as follow
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Organi zati on: Huawei Technol ogi es Co., Ltd.

| mpl enent ati on: Huawei’ s WDM syst ens

Description: supporting PCE Protocol wth WM ext ensi ons
Maturity Level: supported features

Coverage: Parti al

Cont act: zhenghaom an@uawei . com

8. Security Considerations

Thi s docunent has no requirenment for a change to the security nodels
within PCEP. However, the additional information distributed in
order to address the RSA problemrepresents a disclosure of network
capabilities that an operator may wi sh to keep private.

Consi deration should be given to securing this information

9. | ANA Consi derations

Thi s docunent requests | ANA actions to allocate code points for the
obj ects and sub-registries defined in this docunent.

9.1. New PCEP nj ect

As described in Section 4, a new PCEP hject is defined to carry
frequency slot assignnent related constraints. |ANA is requested to
all ocate the following from’ PCEP Cbjects’ sub-registry

(http://ww. i ana. or g/ assi gnnent s/ pcep/ pcep. xht ml #pcep- obj ects):

Obj ect d ass Narme oj ect Ref erence
Val ue Type
TBD1 SA 1: Spectrum Assignnent [This.|-D

9.2. New PCEP TLV: Frequency Slot Selection TLV

As described in Section 4.1, a new PCEP TLV is defined to indicate
spectrum sel ection constraints. |1ANA is requested to allocate this
new TLV fromthe ' PCEP TLV Type Indicators’ subregistry
(http://ww.iana. org/assi gnment s/ pcep/ pcep. xht m #pcep-tlv-type-

i ndi cators).
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Val ue Descri ption Ref erence

TBD2 Spectrum Sel ecti on [ This.|-DO

9.3. New PCEP TLV: Frequency Slot Restriction Constraint TLV

As described in Section 4.2, a new PCEP TLV is defined to indicate
wavel ength restriction constraints. |1ANA is requested to allocate
this new TLV fromthe ' PCEP TLV Type Indicators’ subregistry
(http://ww.iana. org/ assi gnment s/ pcep/ pcep. xht m #pcep-tlv-type-

i ndi cators).

Val ue Description Ref erence

TBD5 Frequency Slot Restriction [ This.|-DO
Constrai nt

9.4. New PCEP TLV: Spectrum All ocation TLV

As described in Section 5, a new PCEP TLV is defined to indicate the
al l ocation of freg-slots(s) by the PCE in response to a request by
the PCC. [1ANA is requested to allocate this new TLV fromthe "PCEP
TLV Type Indicators" subregistry
(http://ww.iana. org/ assi gnment s/ pcep/ pcep. xht m #pcep-tlv-type-

i ndi cators).

Val ue Descri ption Ref er ence

TBD6 Spectrum Al |l ocati on [ This.|-DO

9.5. New No- Pat h Reasons

As described in Section 5.2, a new bit flag are defined to be carried
in the Flags field in the NO PATH VECTOR TLV carried in the NO PATH
oject. This flag, when set, indicates that no feasible route was
found that neets all the RSA constraints (e.g., spectrumrestriction,
signal conpatibility, etc.) associated with an RSA path conputation
request.
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I ANA is requested to allocate this new bit flag fromthe "PCEP NO
PATH VECTOR TLV Fl ag Fi el d" subregistry
(http://ww.iana. or g/ assi gnment s/ pcep/ pcep. xht m #no- pat h-vector-tlv).

Bi t Descri ption Ref er ence

TBD8 No RSA constraints net [ This.|1-D

9.6. New Error-Types and Error-Val ues

As described in Section 5.1, new PCEP error codes are defined for
WSON RWA errors. | ANA is requested to allocate fromthe ' PCEP- ERROR
oj ect Error Types and Val ues’ sub-registry

(http://ww.iana. org/ assi gnment s/ pcep/ pcep. xht m #pcep- error-obj ect)

Error- Meani ng Error-Val ue Ref er ence

Type

TBD7 Flexi-Grid RSA Error 1: Insufficient [ This.|-D
Menory

2: RSA conputation [This.I|-D
Not supported
9.7. New Error-Values for Existing Error Type (24)
As discussed in Section 4.1, IANA is requested to allocate two new

Pat hErr values for the Existing Error Type (24):

Meani ng Error-Val ue Ref erence

Unsupported Frequency Sl ot TBD3 [ This. -0
Sel ection Symretry val ue

Unsupported Frequency Sl ot TBD4 [This.1-D
Assi gnnent val ue
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