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Abstract

Thi s docunent provides extensions to Generalized Milti-Protocol Labe
Switching (GWLS) signaling for control of Wavel ength Switched
Optical Networks (WSON). Such extensions are applicable in WSONs
under a nunber of conditions including: (a) when optiona

processi ng, such as regeneration, nmust be configured to occur at
specific nodes along a path, (b) where equi pnent nust be configured
to accept an optical signal with specific attributes, or (c) where
equi prent nust be configured to output an optical signal with
specific attributes. This docunent provides mechanisns to

support distributed wavel ength assignment with choice in distributed
wavel engt h assi gnment al gorithns.

Status of this Meno

This Internet-Draft is submitted to |ETF in full conformance with
the provisions 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 docunments as Internet-
Drafts.

Internet-Drafts are draft docunents valid for a maxi num of six

nmont hs and nay be updated, replaced, or obsol eted by other docunents
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
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The list of Internet-Draft Shadow Directories can be accessed at
http://ww.ietf.org/shadow. htm

This Internet-Draft will expire on Septenber 9, 2015.

Copyright Notice

Copyright (c) 2015 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

This docunment is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Docunents
(http://trustee.ietf.org/license-info) in effect on the date of
publication of this docunent. Please review these docunents
carefully, as they describe your rights and restrictions with
respect to this docunent. Code Conponents extracted fromthis
docunent nust include Sinplified BSD License text as described in
Section 4.e of the Trust Legal Provisions and are provided wi thout
warranty as described in the Sinplified BSD License.

Conventions used in this docunent

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

Thi s docunment provides extensions to Generalized Milti-Protocol Labe
Switching (GWLS) signaling for control of Wavel ength Sw t ched
Optical Networks (WBON). Fundanental extensions are given to pernit
si mul t aneous bidirectional wavel ength assi gnnent while nore advanced
extensions are given to support the networks described in [ RFC6163]
whi ch feature connections requiring configuration of input, output,
and general signal processing capabilities at a node along a Labe
Switched Path (LSP)

These extensions build on previous work for the control of |anbda
and G 709 based networKks.

Rel ated references with this document are [ RFC7446] that provides

a high-level information nodel and [ WSON- Encode] that provides
common encodi ngs that can be applicable to other protocol extensions
such as routing.

2. Term nol ogy
CWDM Coarse Wavel ength Division Miltiplexing.
DWM Dense Wavel ength Division Miltiplexing.
ROADM Reconfigurabl e Optical Add/Drop Miltiplexer. A reduced port
count wavel ength sel ective switching el enent featuring ingress and
egress line side ports as well as add/drop side ports.
RWA: Routing and Wavel ength Assi gnnent.
Wavel engt h Conversi on/ Converters: The process of converting
i nformati on bearing optical signal centered at a given
frequency (wavel ength) to one with "equival ent” content centered at
a different wavel ength. Wavel ength conversion can be inpl enent ed

via an optical-electronic-optical (OEQ process or via a strictly
optical process.

WM  Wavel engt h Di vi si on Mul tipl exing.
Wavel ength Switched Optical Networks (WSON): WDM based optica

networks in which switching is perforned selectively based on the
frequency of an optical signal
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AWG Arrayed Wavegui de Grati ng.
OXC. Optical Cross-Connect.

Optical Transmitter: A device that has both a | aser tuned on certain
wavel ength and el ectroni c conponents, which converts el ectronic
signals into optical signals.

Optical Receiver: A device that has both optical and el ectronic
components. It detects optical signals and converts optical signals
into electronic signals.

Optical Transponder: A device that has both an optical transmitter
and an optical receiver.

Optical End Node: The end of a wavel ength (optical | anbdas)
lightpath in the data plane. It nmay be equi pped with sone
optical /el ectronic devices such as wavel ength

mul ti pl exers/denul tiplexer (e.g. AWG, optical transponder, etc.,
which are enployed to transnit/term nate the optical signals for
data transm ssion.

FEC. Forward Error Correction. Forward error correction (FEC) is a
digital signal processing technique used to enhance data
reliability. It does this by introducing redundant data, called
error correcting code, prior to data transmi ssion or storage. FEC
provides the receiver with the ability to correct errors wthout a
reverse channel to request the retransm ssion of data.

3R Regeneration: The process of amplifying (correcting |oss),

reshaping (correcting noise and di spersion), retimng (synchronizing
with the network clock), and retransmitting an optical signal.

3. Requirements for WSON Signaling
The follow ng requirenents for GVWPLS based WSON signaling are in
addition to the functionality already provided by existing GWLS
si gnal i ng nechani sns.
3. 1. WBON Signal Characterization
WBON si gnal i ng needs to convey sufficient information characterizing

the signal to allow systens along the path to determ ne
compatibility and performany required | ocal configuration. Exanples
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of such systens include internmedi ate nodes (ROADMs, OXCs, Wavel ength
converters, Regenerators, OEO Switches, etc...), links (WDM systens)
and end systens (detectors, denpdulators, etc...). The details of
any local configuration processes are out of the scope of this
docunent .

From [ RFC6163] we have the following Iist of WBON signa
characteristic information

1. Optical tributary signal class (nodul ation format).

2. FEC. whether forward error correction is used in the digita

stream and what type of error correcting code is used

3. Center frequency (wavel ength)

4. Bit rate

5. GPID General Protocol Identifier for the information format

The first three itens on this |list can change as a WSON si gha
traverses a network with regenerators, OEO switches, or wavel ength
converters. These paraneters are sunmarized in the Optical Interface
Class as defined in the [RFC7446] and the assunption is that a

cl ass always includes signal conpatibility information

An ability to control wavel ength conversion already exists in GWLS
signaling along with the ability to share client signal type
information (GPID). In addition, bit rate is a standard GWLS
signaling traffic paraneter. It is referred to as Bandw dth Encodi ng
in [ RFC3471].

3.2. Per Node Processing Configuration
In addition to configuring a node along an LSP to input or output a
signal with specific attributes, we nmay need to signal the node to
perform specific processing, such as 3R regeneration, on the signa
at a particular node. [RFC6163] discussed three types of
processi ng:

(A) Regeneration (possibly different types)

(B) Fault and Perfornmance Monitoring

(O Attribute Conversion

The extensions here provide for the configuration of these types of
processing at nodes along an LSP

3.3. Bidirectional WSON LSPs

WSON si gnhal ing can support LSP setup consistent with the wavel ength
continuity constraint for bidirectional connections. The foll ow ng
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cases need to be separately supported:

(a) Were the sane wavelength is used for both upstream and
downstream di recti ons

(b) Were different wavel engths can be used for both upstream and
downstream di recti ons.

This docunent will review existing GWLS bidirectional solutions
according to WSON case.

3.4. Distributed Wavel engt h Assi gnment Sel ecti on Met hod

WEON si gnaling can support the selection of a specific distributed
wavel engt h assi gnnent net hod.

This method is beneficial in cases of equipnent failure, etc., where
fast provisioning used in quick recovery is critical to protect
carriers/users agai nst systemloss. This requires efficient

si gnal i ng which supports distributed wavel ength assignment, in
particul ar when the wavel ength assi gnnent capability is

not avail abl e.

As discussed in the [RFC6163] different conputational approaches for
wavel engt h assi gnment are available. One nmethod is the use of

di stributed wavel ength assignment. This feature would allow the
specification of a particular approach when nore than one is

i mpl emented in the systens al ong the path.

3.5. Optical Inpairments

This draft does not address signaling information related to optica
i mpai r ment s.

4. WBON Signal Traffic Parameters, Attributes and Processing

As discussed in [ RFC6163] single channel optical signals used in
WSONs are called "optical tributary signals" and come in a nunber of
cl asses characterized by nodul ation format and bit rate. Although
WEONs are fairly transparent to the signals they carry, to ensure
conmpati bility anmpongst various networks devices and end systens, it
can be inportant to include key lightpath characteristics as traffic
paraneters in signaling [ RFC6163].

LSPs si gnal ed through extensions provided in this docunent MJST
apply the follow ng signaling paraneters
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Swi tching Capability = WSON-LSC ([ WSON- OSPF] ) .
Encodi ng Type = Lanbda ([ RFC3471])
Label Format = as defined in [ RFC6205]

[ RFC6205] defines the label format as applicable to LSC capable
devi ce.

4.1. Traffic Parameters for Optical Tributary Signals

In [RFC3471] we see that the GPID (client signal type) and bit rate
(byte rate) of the signals are defined as paraneters and in

[ RFC3473] they are conveyed in the CGeneralized Label Request object
and the RSVP SENDER TSPEC/ FLOASPEC obj ects respectively.

4.2. WSON Processing Hop Attribute TLV

Section 3.1. provided the requirenents for signaling to indicate to
a particular node along an LSP what type of processing to performon
an optical signal or howto configure that node to accept or
transmit an optical signal with particular attributes

To target a specific node, this section defines a WSON Processi ng
Hop Attribute TLV. This TLV is encoded as an attributes TLV, see

[ RFC5420]. The TLV is carried in the ERO and RRO LSP Attribute
Subobj ects, and processed according to the procedures, defined in
[RSVP-RQ . The type value of the WSON Processing Hop Attribute TLV
is TBD by | ANA

The WSON Processing Hop Attribute TLV carries one or nore sub-TLVs
with the follow ng format:

0 1 2 3
01234567890123456789012345678901
B i i S S i I e i S S R L e e e e
I Type I Length I I
B o I NI S R S S R T S T S S |
/1 Val ue /1
| B i S S S i i T S N S
| . | Paddi ng |
B i i S S i I e i S S R L e e e e

Type
The identifier of the sub-TLV.

Length
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Indicates the total length of the sub-TLV in octets. That is,
the conbined | ength of the Type, Length, and Val ue fields,
i.e., two plus the length of the Value field in octets.

The entire sub-TLV MJUST be padded with zeros to ensure four-octet
al i gnment of the sub-TLV.

Val ue
Zero or nore octets of data carried in the sub-TLV.
Paddi ng: Vari abl e

Padding is used to ensure that the length of the WSON Processi ng Hop
Attribute TLV neets the nmultiple of 4 byte size requirenent.

Sub-TLV ordering is significant and MUST be preserved. Error
processing follows [RSVP-RQ .

The follow ng sub-TLV types are defined in this docunent:

Sub- TLV Nane Type Length
Resour ceBl ockl nfo 1 vari abl e
Wavel engt hSel ection 2 8 octets (2 octet padding)

The TLV can be represented in Reduced Backus- Naur Form ( RBNF)
[ RFC5511] syntax as:

<WSON Processing Hop Attribute> ::= <ResourceBl ockl nf o>
[ <Resour ceBl ockl nf o>] [ <Wavel engt hSel ecti on>]

4.2.1. ResourceBl ockl nfo Sub-TLV

The format of the ResourceBl ockl nfo sub-TLV value field is defined
in Section 4 of [WSON-Encode]. It is a list of available Optica
Interface O asses and processing capabilities.

At | east one ResourceBl ockl nfo sub-TLV MJST be present in the
WSON_ Processing Hop Attribute TLV. No nore than two
Resour ceBl ockl nfo sub-TLVs SHOULD be present. Any present
Resour ceBl ockl nfo sub-TLVs MJST be processed in the order received
and extra (unprocessed) SHOULD be ignored.

The ResourceBl ocklnfo field contains several information elenents as
defined by [ WSON-Encode]. The following rules apply to the sub-TLV:
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0 RB Set Field can carry one or nore RB Identifier. Only the first
of RB ldentifier listed in the RB Set Field SHALL be processed,
any others SHOULD be ignored.

0 In the case of unidirectional LSPs, only one ResourceBl ockl nfo
sub- TLV SHALL be processed and the | and O bits can be safely
i gnor ed.

o In the case of a bidirectional LSP, there MJST be either

(a) only one ResourceBl ockl nfo sub-TLV present in a
WSON_Processing Hop Attribute TLV, and the bits | and O both
set to 1, or

(b) two ResourceBl ockl nfo sub-TLVs present, one of which has only
the | bit set and the other of which has only the O bit set.

0 The rest of information carried within the ResourceBl ocklnfo
sub-TLV includes Optical Interface Cass List, Input Bit Rate
Li st and Processing Capability List. These lists MAY contain one
or nore elenents. These el enents apply equally to both
bi directional and unidirectional LSPs.

Any violation of these rules detected by a transit or egress node
SHALL be treated as an error and be processed per [RSVP-RJ.

A Resour ceBl ockl nfo sub-TLV can be constructed by a node and added
to a ERO Hop_ ATTRI BUTE subobject in order to be processed by
downstream nodes (transit and egress). As defined in [RSVP-RO, the
R bit reflects the LSP_REQU RED ATTRI BUTE and LSP_ATTRI BUTE semantic
defined in [ RFC5420] and SHOULD be set accordingly.

Once a node properly parses a ResourceBl ockl nfo Sub-TLV received in
an ERO Hop_ATTRI BUTE subobj ect (according to the rules stated above
and in [RSVP-R( ), the node allocates the indicated resources, e.g.
the sel ected regeneration pool, for the LSP. In addition, the node
SHOULD report conpliance by adding a RRO Hop_ATTRI BUTE subobj ect
with the WBON Processing Hop Attribute TLV (and its sub-

TLVS) indicating the utilized resources. ResourceBl ocklnfo Sub-TLVs
carried in a RRO Hop_ATTRI BUTE subobj ect are subject to [ RSVP-RO
and standard RRO processing, see [ RFC3209].

4.2.2. Wavel engt hSel ection Sub- TLV
Routing + Distributed Wavel ength Assignnent (R+tDWA) is one of the
options defined by the [RFC6163]. The output fromthe routing
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function will be a path but the wavelength will be selected on a
hop- by- hop basi s.

As discussed in [ RFC6163], the wavel ength assi gnnment can be either
for a unidirectional lightpath or for a bidirectional |ightpath
constrained to use the same |anbda in both directions.

In order to indicate wavel ength assignnment directionality and
wavel engt h assi gnnment net hod, the Wavel ength Sel ection, or

Wavel engt hSel ection, sub-TLV is defined to be carried in the WSON
Processing Hop Attribute TLV defined above.

The Wavel engt hSel ection sub-TLV value field is defined as:

0 1 2 3
01234567890123456789012345678901

B E e r e s i s i o T T s S S S S 2

[ VWA Met hod | Reserved [

B i s T T S T et S S T S I T s sl s ol ST S S S
Wher e:

W (1 bit): O denotes requiring the sane wavel ength in both
directions, 1 denotes that different wavel engths on both directions
are al | oned.

Wavel engt h Assi gnment (WA) Method (7 bits):
0 - unspecified (any); This does not constrain the WA nethod used by

a specific node. This value is inplied when the Wavel engt hSel ecti on
Sub-TLV i s absent.

1 - First-Fit. Al the wavel engths are nunbered and this WA net hod
chooses the avail abl e wavel ength with the | owest index.

2 - Random This WA net hod chooses an avail abl e wavel ength randon y.
3 - Least-Loaded (nulti-fiber). This WA nethod sel ects the

wavel ength that has the | argest residual capacity on the nost | oaded
link along the route. This nethod is used in nulti-fiber networks.

If used in single-fiber networks, it is equivalent to the FF WA

met hod.

4- 127: Unassi gned.
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The processing rules of this TLV are as foll ows:

If a receiving node does not support the attribute(s), its behaviors
are specified bel ow

- Whbit not supported: a PathErr MJST be generated with the Error
Code "Routing Problent (24) with error sub-code "Unsupported
Wavel engt hSel ecti on Symmetry val ue" (value to be assigned by | ANA
suggest ed val ue: 107).

- WA net hod not supported: a PathErr MJST be generated with the
Error Code "Routing Probleni (24) with error sub-code "Unsupported
Wavel engt h Assi gnment val ue" (value to be assigned by | ANA
suggest ed val ue: 108).

A Vavel engt hSel ecti on sub-TLV can be constructed by a node and added
to a ERO Hop_ATTRI BUTE subobject in order to be processed by
downstream nodes (transit and egress). As defined in [RSVP-RO, the
R bit reflects the LSP_REQU RED ATTRI BUTE and LSP_ATTRI BUTE semantic
defined in [ RFC5420] and SHOULD be set accordingly.

Once a node properly parses the Wavel engt hSel ecti on Sub-TLV received
in an ERO Hop_ATTRI BUTE subobj ect, the node use the indicated

wavel engt h assi gnment nmethod (at that hop) for the LSP. In addition
the node SHOULD report conmpliance by adding a RRO Hop_ATTRI BUTE
subobj ect with the WSON Processing Hop Attribute TLV (and its
sub-TLVs) indicated the utilized nethod. Wavel engt hSel ecti on
Sub-TLVs carried in a RRO Hop ATTRI BUTE subobj ect are subject to

[ RSVP- RO and standard RRO processing, see [ RFC3209].

5. Security Considerations

This docunent is built on the nmechanisnms defined in [ RFC3473], and
only differs in specific information comunicated. As such, this
docunent introduces no new security considerations to the existing
GWPLS signaling protocols. See [RFC3473], for details of the
supported security neasures. Additionally, [RFC5920] provides an
overvi ew of security vulnerabilities and protection nmechanisns for
the GWPLS control plane.

6. | ANA Consi derati ons
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Upon approval of this docunent, 1ANA is requested to make the
assignnent of a new value for the existing "Attributes TLV Space”
registry located at http://ww.iana. org/assi gnnents/rsvp-te-
paraneters/, as updated by [ RSVP-RQ:

Type Nane Al'lowed on Allowed on Al'l oned on Ref erence
LSP LSP REQUI RED RO LSP
ATTRI BUTES ATTRIBUTES Attribute
Subobj ect
TBA  WSON No No Yes [This.I-D
Processi ng
Hop
Attribute
TLV

Upon approval of this docunent, IANA is requested to create a new
regi stry named "Sub-TLV Types for WSON Processing Hop Attribute TLV"
| ocated at http://ww. i ana. org/ assi gnments/rsvp-te-paranmeters/.

The following entries are to be added:

Val ue Sub- TLV Type Ref erence
1 Resour ceBl ockl nfo [This.l-D]
2 Wavel engt hSel ecti on [This.|-D]

Al'l assignnments are to be performed via Standards Action or
Speci fication Required policies as defined in [ RFC5226
<http://tools.ietf.org/htm/rfc5226>].

Upon approval of this docunent, 1 ANA is requested to create a new
regi stry named "Val ues for Wavel ength Assignnent Method field in
Wavel engt hSel ecti on Sub- TLV' | ocated at

http://ww. i ana. or g/ assi gnment s/ rsvp-te-paraneters/.

The following entries are to be added:

Val ue Meani ng Ref erence
0 unspecified [This.l-D]
1 First-Fit [This.I-D
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2 Random [This.Il-Dj
3 Least-Loaded (nulti-fiber) [This.I|-D
4-127 unassi gned

Al'l assignments are to be perforned via Standards Action or
Speci fication Required policies as defined in [ RFC5226]. The
assi gnnent policy chosen for any specific code point nust be
clearly stated in the docunent that describes the code point so
that | ANA can apply the correct policy.

Upon approval of this docunent, | ANA is requested to nake the

assi gnnent of a new value for the existing "Sub-Codes . 24 Routing
Problemt registry located at http://ww.iana. org/assignnents/rsvp-
par anet ers/:

Val ue Description Ref erence
107 Unsupport ed Wavel engt hSel ecti on

synmetry val ue [This.I-D
108 Unsupported Wavel engt h Assi gnnent

val ue [This.I-D
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