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Abst r act

A Wavel ength Switched Optical Network (WSON) requires certain key
information fields be made available to facilitate path conputation
and the establishnent of Label Switched Paths (LSPs). The

i nformati on nodel described in "Routing and Wavel engt h Assi gnnent

I nformati on Model for Wavel ength Switched Optical Networks" (RFC
7446) shows what information is required at specific points in the
WSON. Part of the WBON i nformati on nodel contains aspects that nay
be of general applicability to other technol ogies, while other parts
are specific to W5ONs.

Thi s docunent provides efficient, protocol-agnostic encodings for the
WSON- specific infornmation fields. It is intended that protocol-
specific docunents will reference this nmeno to descri be how
information is carried for specific uses. Such encodings can be used
to extend GWPLS signaling and routing protocols. In addition, these
encodi ngs could be used by other mechanisnms to convey this sane
information to a Path Conputation El enent (PCE).

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

This docunent is a product of the Internet Engi neering Task Force
(IETF). It represents the consensus of the I ETF comunity. |t has
recei ved public review and has been approved for publication by the
I nternet Engineering Steering Goup (IESG. Further information on
Internet Standards is available in Section 2 of RFC 5741.

I nformation 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/rfc7581
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Copyright Notice

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

This docunent is subject to BCP 78 and the I ETF Trust’'s Lega
Provisions Relating to | ETF Docunents
(http://trustee.ietf.org/license-info) in effect on the date of
publication of this docunment. Please review these docunents
carefully, as they describe your rights and restrictions with respect
to this document. Code Conponents extracted fromthis docunment 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.
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1. Introduction

A Wavel ength Switched Optical Network (WSON) is a Wavel ength Division
Mul tiplexing (WDM optical network in which switching is perforned
sel ectively based on the center wavel ength of an optical signal

[ RFC6163] describes a framework for Generalized Miltiprotocol Labe

Swi tching (GWLS) and Path Conputation El enent (PCE) control of a

WSON. Based on this framework, [RFC7446] describes an information

nmodel that specifies what information is needed at various points in

a WBON in order to conpute paths and establish Label Sw tched Paths

(LSPs).

Thi s docunent provides efficient encodings of information needed by

the Routing and Wavel ength Assignment (RWA) process in a WSON.  Such

encodi ngs can be used to extend GVPLS signaling and routing

protocols. In addition, these encodings could be used by other

mechani snms to convey this sane infornation to a PCE. Note that since

t hese encodings are efficient, they can provide nore accurate

anal ysis of the control-plane comrmuni cati ons/processing |oad for

WSONs | ooking to utilize a GWLS control plane.

In parallel to this docunent, [RFC7579] provides efficient encodi ngs

of information needed by the routing and | abel assignment process

that are potentially applicable to a wi der range of technol ogi es.
1.1. Termnol ogy

Refer to [RFC6163] for definitions of the foll ow ng:

0 Coarse Wavel ength Division Miltiplexing (C\DM

0 Dense Wavel ength Division Miltiplexing (DWDM

o Routing and Wavel ength Assignnent (RWA)

o Wavel ength Division Miltiplexing (WM

Refer to Section 5 of [RFC7446] for definitions of the foll ow ng:

0 resource

0 resource block

0 resource pool
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The Optical Interface (O) Code Point is a unique nunber that
identifies all information related to optical characteristics of a
physi cal interface.

1.2. Conventions Used in This Docunent

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 RFC 2119 [ RFC2119].

2. Resources, Resource Bl ocks, and the Resource Poo

This section provides encodings for the infornation fields defined in
[ RFC7446] that have applicability to WBON. The encodi ngs are
designed to be suitable for use in the GWLS routing protocols OSPF

[ RFC4203] and |IS-1S [ RFC5307] and in the PCE Conmuni cati on Protocol
(PCEP) [ RFC5440]. Note that the information distributed in [ RFC4203]
and [ RFC5307] is arranged via the nesting of sub-TLVs within TLVs;

t hi s docunent defines elenents to be used within such constructs.
Specific constructs of sub-TLVs and the nesting of sub-TLVs of the
information fields defined by this docunent will be defined in the
respecti ve protocol enhancenent docunents

This docunent defines the following information fields pertaining to
resources within an optical node:

0 Resource Accessibility <ResourceAccessibility>
0 Resource Wavel ength Constraints <Resour ceWaveConstrai nt s>
0 Resource Bl ock Pool State <RBPool State>

0 Resource Bl ock Shared Access Wavel ength Availability
<RBShar edAccessWaveAvai l ability>

o0 Resource Block |Informati on <ResourceBl ockl nf o>
Each of these information fields works with one or nore sets of

resources rather than just a single resource block. This notivates
the field definition in Section 2.1.
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2.1. Resource Block Set Field

In a WSON node that includes resource bl ocks (RBs), denoting subsets
of these bl ocks allows one to efficiently describe comon properties
of the blocks and to describe the structure and characteristics, if
nontrivial, of the resource pool. The Resource Block Set (RB Set)
Field is defined in a simlar nmanner to the | abel set concept of

[ RFC3471] .

The information carried in an RB Set Field is defined as foll ows:

0 1 2 3
01234567890123456789012345678901
B Lt r s i i i o o T s ks S R S

| Action | C] Reserved | Length

B s T s s e T o e S T ks et s oot ST S S S o S S 3
| RB Identifier 1

B T S S e s e i s S i S S S S S S T S SR S S S i S S S

i e e i e i e S L e e o
| RB ldentifier n
B s T s s e T o e S T ks et s oot ST S S S o S S 3

Action: 8 bits
0 - Inclusive List

Indicates that the TLV contains one or nore RB el enents that
are included in the |ist.

1 - Inclusive Range(s)

I ndi cates that the TLV contains one or nore ranges of RBs.
Each individual range is denoted by two 32-bit RB identifiers.
The first 32 bits is the RBidentifier for the start of the
range, and the next 32 bits is the RBidentifier for the end
of the range. Note that the Length field is used to determ ne
t he nunber of ranges.

C (Connectivity bit)
Set to O to denote fixed (possibly nulticast) connectivity, and

set to 1 to denote potential (switched) connectivity. Used in
Resource Accessibility field. |Ignored el sewhere
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Reserved: 7 bits

This field is reserved. |t MJST be set to zero on transni ssion
and MUST be ignored on receipt.

Length: 16 bits
The total length of this field in bytes.
RB ldentifier:

The RB identifier represents the I D of the resource block, which
is a 32-bit integer. The scope of the RBidentifier is local to
the node on which it is applied.

Usage Note: The inclusive range "Action" can result in very conpact
encodi ng of resource sets, and it can be advant ageous to nunber
resource blocks in such a way so that status updates (dynanic

i nformati on) can take advantage of this efficiency.

3. Resource Accessibility/Availability

This section defines the information fields for dealing with
accessibility and availability of resource blocks within a pool of
resources. These include the <ResourceAccessibility>,

<Resour ceWaveConstrai nt s>, <RBPool State>, and

<RBShar edAccessWaveAvai l ability> fields.

3.1. Resource Accessibility Field

This information field describes the structure of the resource poo
inrelation to the switching device. |In particular, it indicates the
ability of an input port to reach sets of resources and the ability
of sets of resources to reach a particular output port. This is the
<Pool | nput Mat ri x> and <Pool Qut put Matri x> of [RFC7446].
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The Resource Accessibility field is defined as foll ows:

0 1 2 3
01234567890123456789012345678901
B T e o i S I i i S S N iy St S I S S

| Reserved(8bits)|C Reserved (23 bits)
e e i i e e T S i i sk ik s S S SN SR
| Input Link Set Field A #1 |

T S i o S S e i < S S S S S S S S S S
| RB Set Field A #1 |

B s S S i i i ks a ks st S S S S S S
| Addi tional Link set and RB set pairs as needed to

: speci fy Pool | nput Matri x :
R R e o i i i i i S i S S S e T T s i T S S S S e 5
| Qut put Link Set Field B #1

:|-- B s S S i i i s a s ST S S S S S S +-:|-
| RB Set B Field #1 (for output connectivity)

B T T T o o S S S e i S S Tk e e Y S
| Additional Link Set and RB set pairs as needed to

speci fy Pool Qut put Mat ri x
+++++++++++++++++++++++++++++++++

Wher e:

C (Connectivity bit): Connectivity indicates how the input/output
ports connect to the resource bl ocks.

0 - the device is fixed (e.g., a connected port nust go through
t he resource bl ock)

1 - the device is switched (e.g., a port can be configured to go
through a resource but isn’'t required)

For the Input and Qutput Link Set Fields, the Link Set Field encoding
defined in [RFC7579] is to be used.

Note that the direction parameter within the Link Set Field is used

to indicate whether the link set is an input or output link set, and
the bidirectional value for this paraneter is not pernmitted in this

field.

See Appendix A1 for an illustration of this encoding.
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3. 2.

Ber

Resource Wavel ength Constraints Field

Resources, such as wavel ength converters, etc., may have limted

i nput or output wavel ength ranges. Additionally, due to the
structure of the optical system not all wavel engths can necessarily
reach or leave all the resources. These properties are described by
usi ng one or nore Resource Wavel ength Constraints fields as defined
bel ow.

1 2 3
1234567890123456789012345678901
B ok T S S S e it S R R et et TEIE SRR SR S S S S S s i e o =
[ 1] 9 Bj Reser ved |
B Lt r s i i i o o T s ks S R S
| RB Set Field |

B T e o i S I i i S S N iy St S I S S
| | nput Wavel ength Constraints |

B Lt r s i i i o o T s ks S R S
| Qut put Wavel ength Constraints |

B S S T o S S S S s S S S S S S S

I (Input):
1 - indicates the presence of the Input Wavel ength Constraints
field
0 - indicates otherw se.
O (CQutput):
1 - indicates the presence of the Qutput Wavel ength Constraints
field
0 - indicates otherw se.
B (Both):
1 - indicates that a single Wavel ength Constraints field
represents both I nput and Qutput Wavel ength Constraints
fields.

Currently, the only valid conbinations of (I,QB) are (1,0,0),

(0,14,0), (1,1,0), and (0,0,1).
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RB Set Field:

A set of resource blocks (RBs) that have the same wavel ength
restrictions.

| nput WWavel ength Constrai nts:

I ndi cates the wavel ength input restrictions of the RBs in the
corresponding RB set. This field is encoded via the Label Set
Field of [RFC7579].

Qut put Wavel engt h Constrai nts:

I ndi cates the wavel ength output restrictions of RBs in the
corresponding RB set. This field is encoded via the Label Set
Field of [RFC7579].

3.3. Resource Block Pool State Field

The state of the pool is given by the nunber of resources avail able
with particular characteristics. A resource block set is used to
encode all or a subset of the resources of interest. The usage state
of resources within a resource block set is encoded as either a |ist
of 16-bit integer values or a bitmap indicating whether a single
resource is available or in use. The bitnap encoding is appropriate
when resource bl ocks consist of a single resource. This information
can be relatively dynanmic, i.e., can change when a connection (LSP)
is established or torn down.

0 1 2 3
01234567890123456789012345678901
B S s i i L i i S il i SN S
| Action | Reserved |
B s T s s e T o e S T ks et s oot ST S S S o S S 3
| RB Set Field |

B s S S i i i ks a ks st S S S S S S
| RB Usage State |

.+- B S e s i T S S I T it T T ais sl i ST S S R S +-.+
Wer e:
Action = 0 denotes a list of 16-bit integers, and Action = 1 denotes
a bitmap. Action = 0 covers the case where there are nultiple

el ements for each resource block. Action = 1 covers the case where
each resource block only contains a single el enent.
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In both cases, the elements of the RB Set Field are in a one-to-one
correspondence with the values in the RB Usage State area.

0 1 2 3
01234567890123456789012345678901
i S S S T i i S S i i S S S S R T T

| Action =0 | Reser ved |
B Lt r s i i i o o T s ks S R S

| RB Set Field |

B T e o i S I i i S S N iy St S I S S
| RB#1 State | RB#2 State |
B e i S T e i T e S R S e e e s i i T S

i T o T e e e et o S s S R R SR
| RB#n-1 State | RB#n St ate or Paddi ng |
B T e o i S I i i S S N iy St S I S S

RB#i State (16 bits, unsigned integer): |Indicates the nunber of
resources available in Resource Bl ock #i.

Whet her the last 16 bits is a wavel ength converter (RB) state or
padding is determ ned by the nunber of elements in the RB Set Field.

0 1 2 3

01234567890123456789012345678901
i T o T e e e et o S s S R R SR
| Action =1 | Reserved |
B T e o i S I i i S S N iy St S I S S
| RB Set Field |

B S s i i L i i S il i SN S
| RB Usage State Bitnmap |

B T e o i S I i i S S N iy St S I S S
lf | Paddi ng Bits |
B e i S T e i T e S R S e e e s i i T S

RB Usage State Bitmap: Variable length but nust be a multiple of 4
byt es.

Each bit indicates the usage status of one RBwith 0 indicating the
RB is available and 1 indicating the RBis in use. The sequence of
the bitrmap is ordered according to the RB Set Field with this

el ement .

Paddi ng bits: Variable length
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3.4. Resource Block Shared Access Wavel ength Availability Field

Resource bl ocks nmay be accessed via a shared fiber. |If this is the
case, then wavel ength availability on these shared fibers is needed
to understand resource availability.

1 2 3
12345678901234567890123456789¢01
Rk i e B e o i s I S i e S
[ 119 B Reserved |
+- +
|

B i s s i S S i S T ai i S SRS S S
RB Set Field |

T T R o o i e S  E  E e e s o i N SR
| | nput Avai |l abl e Wavel ength Set Field |
: (Optional) :

:|-- B i T o S o i S S i s S S S S S S
| Qut put Avail abl e Wavel ength Set Field |
: (Optional) :

T T S It T it S S S S S T S i S S S A S

I (Input):
1 - indicates the presence of the Input Avail abl e Wavel ength Set
Fi el d.
0 - indicates the absence of the Input Avail abl e Wavel ength Set
Fi el d.
O (Cutput):
1 - indicates the presence of the Qutput Avail able Wavel ength Set
Fi el d.
0 - indicates the absence of the Qutput Avail able Wavel ength Set
Fi el d.
B (Both):

1 - indicates that a single Avail able Wavel ength Set Field
represents both Input and Qutput Avail able Wavel ength Set
Fi el ds.

Currently, the only valid conmbinations of (I,QB) are (1,0,0),
(0,1,0), (1,1,0), and (0,0,1).

Bernstein, et al. St andards Track [ Page 12]



RFC 7581 WSON | nf or mati on Encodi ng June 2015

RB Set Field:

A resource block set in which all the nmenbers share the sane input
or output fiber or both.

| nput Avail abl e Wavel ength Set Field:

I ndi cates the wavel engths currently avail able (not being used) on
the input fiber to this resource block. This field is encoded via
the Label Set Field of [RFC7579].

Qut put Avail abl e Wavel ength Set Fi el d:

I ndi cates the wavel engths currently avail able (not being used) on
the output fiber fromthis resource block. This field is encoded
via the Label Set Field of [RFC/579].

4. Resource Block Information Field

As defined in [ RFC7446], the Resource Block Information

<ResourceBl ocklnfo> field is used to represent resource signa

constraints and processing capabilities of a node.

The fundanmental properties of a resource block are:

0 Optical Interface Oass List(s)

0 Acceptable dient Signal (shared input, nodulation, Forward Error
Correction (FEC), bit rate, and Ceneralized Protocol Identifier
(GPID)

o Input Bit Rate

0 Processing Capabilities (nunber of resources in a block
regeneration, performance nonitoring, vendor specific)

<ResourceBl ocklnfo> fields are used to convey relatively static
i nformati on about individual resource bl ocks, including the resource
bl ock properties and the nunber of resources in a block

When nore than one <ResourceBl ocklnfo> field is used, there are no
ordering requirements anongst these fields. The length of the
<ResourceBl ocklnfo> field is determined fromthe | ength of the object
that includes it.
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The <ResourceBl ocklnfo> field has the follow ng fornat:
0 1 2 3
01234567890123456789012345678901
B T e o i S I i i S S N iy St S I S S
| RB Set Field
:|-- R R R R L E et et o o S S S N e e +-:|-
[1]Q B Reserved
B s T s s e T o e S T ks et s oot ST S S S o S S 3
| Optional Subfield 1

B e i S T e i T e S R S e e e s i i T S
B T S St i i T s T e o S S i St SN
Optional Subfield N
B e i S T e i T e S R S e e e s i i T S
The RB Set Field is described in Section 2.1.

The shared input or output indication is indicated by the first bit
(1), the second bit (O, and the third bit (B)

I (I'nput):

1 - indicates if the resource blocks identified in the RB Set
Field utilized a shared fiber for input access.

0 - indicates otherw se.
O (CQutput):
1 - indicates if the resource blocks identified in the RB Set

Field utilized a shared fiber for output access.

0 - indicates otherw se.
B (Both):

1 - indicates if the resource blocks identified in the RB Set
Field utilized a shared fiber for both input and out put
access.

0 - indicates otherw se.
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Currently, the only valid conbinations of (I,QB) are (1,0,0),
(0,1,0), (1,1,0), and (0,0,1).

Zero or nore Optional Subfields MAY be present. Optional Subfields
have the follow ng format:

0 1 2 3

01234567890123456789012345678901
T i i S i i S S e b s
| Type | Length |
B T e o i S I i i S S N iy St S I S S
| Val ue. .. |

T S i o S S e i < S S S S S S S S S S

The Length field defines the length of the value portion in bytes
(thus, a subfield with no value portion would have a |l ength of zero).
The subfield is padded to 4-byte alignment; padding is not included
in the Length field (so a 3-byte value would have a I ength of three,
but the total size of the subfield would be 8 bytes). Unrecognized
types are not processed. |If nultiple subfields of the sane type are
present, only the first of the type SHOULD be processed.

The follow ng sub-TLV types are defi ned:

Val ue Length Sub- TLV Type
1 vari abl e Optical Interface O ass List
2 vari abl e Acceptable Cient Signal List
3 vari abl e Input Bit Rate List
4 vari abl e Processing Capability List

See the | ANA Consi derations section for allocation of new types.
4.1. Optical Interface Cass List Subfield

The Optical Interface Class List subfield has the follow ng fornmat:
0 1 2 3
01234567890123456789012345678901
B s S S i i i ks a ks st S S S S S S
| Reser ved [11qa
R R R R e e s o S e R S S S S S S e e e e e

| Optical Interface C asses |

i S S S T i i S S i i S S S S R T T
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The following I and O conbi nation are defi ned:

0 0 Invalid

1 0 Optical Interface O ass List acceptable in input
0 1 Optical Interface Cass List available in output

1 1 Optical Interface O ass List available on both input and
out put .

The resource bl ock MAY contain one or nore lists according to the
i nput/out put flags.

The Optical Interface Classes format is defined as foll ows:

+ N
+ w
+opr
+ow

89
- - -

+ ©

123456738 234567829 1
T S S L i S SRS S A
|

+
|

1
+= 4 e

]
+
]
+
]
+
]
+
]

B i i S S B i S I T i St S
al Interface d ass |

2
6 7 01
+- + -4+
Reser ved A Code Points
+- + -+ +
tic
+

]

+
]

+
]

B e i o e S e e ik i T e R S e e S e S ol o
Optical Interface dass (Cont.) |
B i T S e S i e el R e S R R it Ik e TR S R e S

+—+—+—+00O
(0))]

VWhere the first 32 bits of the encoding shall be used to identify the
semantics of the Optical Interface Cass in the follow ng way:

S (Standard bit):
S=0: identifies non-1TU code points
S=1: identifies I TU application codes

Wth S=0, the O Code Points field can take the follow ng val ue:
0: reserved

Future work may add support for vendor-specific application codes
once the ITU-T has conpleted its work in that area.
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Wth S=1, the O Code Points field can take the foll owi ng val ues:

0: reserved

1: [G 698.1] application code

2: [G 698.2] application code

3: [G 959.1] application code

4: [G 695] application code
In the case of | TU application codes, the napping between the string
defining the application code and the 64 bits inplenmenting the
optical interface class is given in the follow ng sections.

4.1.1. ITUT G 698.1 Application Code Mapping

[ G 698.1] defines the follow ng application codes: DScWytz(v) and
B-DScWytz(v). \here:

B: nmeans Bidirectional
D: neans a DWDM application

S: takes values N (narrow spectral excursion) or W(w de spectra
excur si on)

c: Channel Spacing (Gz)
W takes values S (short-haul) or L (long-haul)
y: takes values 1 (NRZ 2.5G or 2 (NRZ 10Q

t: only Dvalue is defined (link does not contain optica
anplifier)

z: takes values 2 ([G 652] fibre), 3 ([G653] fibre), or 5
([G 655] fibre)

v: takes values S (Short wavel ength), C (Conventional), or L (Long
wavel engt h)

The F flag indicates the presence or absence of an optional FEC
encodi ng suffix.
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These get mapped into the 64-bit Optical Interface Class field as
fol | ows:

56
-+ -
|
+

Where (val ues between parent heses refer to | TU-defined val ues as
reported above):

B: 1 bidirectional, O otherw se

D (prefix): O reserved, 1 (D)

S 0 (N, 1 (W

c: Channel Spacing, 4 bits mapped according to the same definition
as in the third figure in Section 3.2 of [RFC6205] (note that
DWDM spaci ng applies here).

W O reserved, 2 (S), 3 (L)

y: O reserved, 1 (1), 2 (2)

t: O reserved, 4 (D)

z: 0 reserved, 2 (2), 3 (3), 5 (5

v: O reserved, 1 (S), 2 (O, 3 (L)

F (suffix): 0O No FEC encoding suffix present, 1 FEC encodi ng
suffix present

Val ues not nentioned here are not allowed in this application code;
the last 32 bits are reserved and shall be set to zero.

4.1.2. ITU-T G 698.2 Application Code Mapping

[ G 698.2] defines the follow ng application codes: DScWytz(v) and
B-DScWytz(v). \ere:

B: neans Bidirectional

D: neans a DWDM application
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S. takes values N (narrow spectral excursion) or W(w de spectra
excur si on)
c: Channel Spacing (GHz)

W takes values C (link is dispersion conpensated) or U (link is
di spersi on unconpensat ed)

y: takes values 1 (NRZ 2.5G or 2 (NRZ 10Q
t: takes value A (link rmay contains optical anplifier)

z: takes values 2 ([G 652] fibre), 3 ([G653] fibre), or 5
([ G 655] fibre)

v: takes values S (Short wavel ength), C (Conventional), or L (Long
wavel engt h)

An optional F can be added to indicate a FEC encodi ng.

These get mapped into the 64-bit Optical Interface Class field as
fol | ows:

+I\)

3 6
- +- +-
B D

- +-

S

+—-+|A

+
+-— +-h

5 9
- +- - +-
| |
- +- - +-

reserved

0
0
+
+
B S e e s e T i S i R SN RS

Where (val ues between parentheses refer to | TU-defined val ues as
reported above):

B: 1 bidirectional, O otherw se

D (prefix): 0 reserved, 1 (D)

S0 (N, 1 (W

c: Channel Spacing, 4 bits mapped according to the same definition
as inthe third figure in Section 3.2 of [RFC6205] (note that
DWDM spaci ng applies here).

W O reserved, 10 (C), 11 (V)

y: O reserved, 1 (1), 2 (2)
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t: O reserved, 1 (A

z: 0 reserved, 2 (2), 3 (3), 5 (5

v: O reserved, 1 (S), 2 (O, 3 (L)

F (suffix): O reserved, 1 FEC encoding

Val ues not nentioned here are not allowed in this application code.
The last 32 bits are reserved and shall be set to zero.

4.1.3. ITU-T G 959.1 Application Code Mapping

[G 959.1] defines the follow ng application codes: PnWk-ytz and
BnWk-ytz. \Were:

P, B: when present, indicate Plural or Bidirectional

n: maxi mum nunber of channel s supported by the application code
(i.e., an integer nunber)

W takes values |I (intra-office), S (short-haul), L (long-haul), V
(very long-haul), or U (ultra |ong-haul)

X: maxi mum nunber of spans allowed within the application code
(i.e., an integer nunber)

y: takes values 1 (NRZ 2.5G, 2 (NRZ 10G, 9 (NRzZ 25G, 3 (NRz
40Q9, or 7 (Rz 40Q

t: takes values A (power levels suitable for a booster anplifier
in the originating ONE and power |evels suitable for a pre-
anplifier in the ternmnating ONE), B (booster anplifier only),
C (pre-anplifier only), or D (no anplifiers)

z: takes values 1 (1310 nmsources on [G 652] fibre), 2 (1550 nm
sources on [G 652] fibre), 3 (1550 nm sources on [G 653]
fibre), or 5 (1550 nm sources on [ G 655] fibre).

The following list of suffixes can be added to these application
codes:

F: FEC encodi ng
D: Adaptive dispersion conpensation

E: receiver capable of dispersion conpensation
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r: reduced target distance
a: power |evels appropriate to APD receivers
b: power levels appropriate to PIN receivers

These val ues are encoded as fol | ows:

0 1 2 3
01234567890123456789012345678901
B e s i e e e s i i ST RIE CRIE TR TR TR S T S S S s sl S S S
| p| P | n | w | X | reserved

B e i S T e i T e S R S e e e s i i T S
| y | t | z | suffix | reserved

s i e S e S T S S S e O i i R S NI S e R S S

Where (val ues between parentheses refer to | TU defined val ues as
reported above):

p (prefix): 0 otherwise, 1 Bidirectional (B)

P (optional): 0 not present, 2 (P)

n: maxi mum nunber of channels (10 bits, up to 1023 channel s)
W O reserved, 1 (I), 2 (S), 3 (L), 4 (V), 5 (VY

X: nunmber of spans (6 bits, up to 64 spans)

y: O reserved, 1 (1), 2 (2), 3(3), 7 (7), 9 (9

t: O reserved, 1 (A, 2 (B, 3 (0O, 4 (D

z: 0 reserved, 1 (1), 2 (2), 3 (3), 5 (5)

suffix: a 6-bit bitmap, where a "1" in the appropriate sl ot
i ndi cates that the correspondi ng suffix has been added.
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4.1.4. |ITU-T G 695 Application Code Mapping

[ G 695] defines the follow ng application codes: CnW-ytz
B- ChWk-ytz, and S- CnW-yt z.

Where the optional prefixes are:
B: Bidirectiona
S: a systemusing a black |ink approach

And the rest of the application code is defined as:
C. COADM (Coarse WDM) application

n: maxi mum nunber of channel s supported by the application code
(i.e., an integer nunber)

W takes values S (short-haul) or L (long-haul)

X: maxi mum nunber of spans al |l owed

y: takes values 0 (NRZ 1.25G, 1 (NRZ 2.5@, or 2 (NRZ 10G.

t: takes value D (link does not contain any optical anplifier).

z: takes values 1 (1310 nmregion for [G 652] fibre), 2 (ITUT
[G652] fibre), 3 ([G 653] fibre), or 5 ([G 655] fibre)

The following list of suffixes can be added to these application
codes:

F: FEC encodi ng
Since the application codes are very sinmlar to the ones fromthe

[G 959.1] section, nost of the fields are reused. The 64-bit Optica
Interface Class field is encoded as foll ows:

0 1 2 3
01234567890123456789012345678901
B e s i e e e s i i ST RIE CRIE TR TR TR S T S S S s sl S S S
| p| C | n | w | X | reserved

B e i S T e i T e S R S e e e s i i T S
| y | t | z | suffix | reserved

s i e S e S T S S S e O i i R S NI S e R S S
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Where (val ues between parent heses refer to | TU defined val ues as
reported above):

p: 0 no prefix, 1 (B) bidirectional, 2 (S) black Iink

C. 0 reserved, 3 (O

n: maxi mum nunber of channels (10 bits, up to 1023 channel s)
W O reserved, 1 reserved, 2 (S), 3 (L), > 3 reserved

X: nunmber of spans (6 bits, up to 64 spans)

y: 0 (0), 1 (1), 2 (2), > 2 reserved

t: 4 (D), all other values are reserved

z: O reserved, 1 (1), 2 (2), 3 (3

suffix: a 6-bit bitmap, where a "1" in the appropriate slot
i ndi cates that the correspondi ng suffix has been added.

012345

+-+-+ +
| FI Of |
+-+-+ +

+- +
| 0l
+-+

o
o
o
o

+
|
- +- +

4.2. Acceptable Cient Signal List Subfield

This subfield contains a |list of acceptable input client signal
types.

The acceptable client signal list is a list of Generalized Protocol
Identifiers (G PlIDs).

0 1 2 3
01234567890123456789012345678901
T I T S D i it S S S S S R S o S S A S

| Reserved | Nunmber of G Pl Ds |
B T S St i i T s T e o S S i St SN
| G PID #1 | G PID #2 |

T T S S

T S T S S T S T e S S S S s i U
G PID #N |

T T S T o S S A C T
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Number of G PIDs: an integer greater than or equal to one

G PI Ds: assigned by 1ANA.  Many are defined in [RFC3471] and
[ RFC4328] .

4.3. Input Bit Rate List Subfield

This subfield contains a list of bit rates of each input client
signal type specified in the Input dient Signal List.

The nunber of Input Bit Rates MJUST match the nunber of G PIDs.
0 1 2 3
01234567890123456789012345678901
B e e i o e S e e i S S T e R i ik T TR o S S S e
| Input Bit Rate of G PID #1
B e i ol i i i e S S S e e e T i T sl st ST O S N I S S S SR
:|--+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-:i-
| Input Bit Rate of G PID #N
B e e i o e S e e i S S T e R i ik T TR o S S S e

Input Bit Rates are in | EEE 754 floating point format [I|EEF].

4.4. Processing Capability List Subfield

The Processing Capability List subfield is a list of capabilities
that can be achieved through the referred resources:

1. Regeneration capability
2. Fault and performance nonitoring
3. Vendor-specific capability

Fault and perfornmance nonitoring and vendor-specific capability have
no additional capability parameters.
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The Processing Capability List subfield is defined as:

0

1

2 3

01234567890123456789012345678901
B S S T o S S S S s S S S S S S S

Reserved |

Processing Cap ID |

B s S S i i i ks a ks st S S S S S S
Possi bl e additi onal capability paranmeters dependi ng upon |
s i e S e S T S S S e O i i R S NI S e R S S

the processing ID

e i S i S S i St S S S S s S S S

The Processing Cap ID field defines the followi ng processing

capabi
0:
1
2:
3:

When t

foll owi ng additional

lities:

Reserved

Regenerati on capability

Faul t and perfornmance nonitoring

Vendor -specific capability

he Processing Cap ID is "Regeneration capability", the

follow ng field:

0

1

capability paranmeters are provided in the

2 3

01234567890123456789012345678901

- -

T
-4

+— +

Wher e

T=0:
T=1:
T=2:

T=3:

Ber nst ei n,

T e i e b i s it SR SN S S

T e I S T i S S e T I s

+- 4 4=+
| C| Reser ved

+- - - -

the T bit indicates the type of regenerator:

Reserved
1R Regener at or
2R Regener at or

3R Regener at or

et al. St andards Track
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And where the C bit indicates the capability of the regenerator
C=0: Reserved
C=1: Fi xed Regeneration Point
C=2: Sel ective Regeneration Pools

Note that when the capability of the regenerator is indicated to be
"Sel ective Regeneration Pool s", regeneration pool properties such as
i nput and output restrictions and availability need to be specified.
These properties will be encoded in the field providing additiona
capability paranmeters, starting with the bits narked Reserved in the
figure imedi ately above. An additional specification describing the
encodi ng of these paraneters is required before the value C=2 can be
used.

5. Security Considerations

Thi s docunent defines protocol -i ndependent encodi ngs for WSON
i nformati on and does not introduce any security issues.

However, other documents that nmake use of these encodings wthin
prot ocol extensions need to consider the issues and risks associ ated
with inspection, interception, nodification, or spoofing of any of
this information. It is expected that any such docunments will
descri be the necessary security measures to provi de adequate
protection. A general discussion on security in GWLS networks can
be found in [ RFC5920].

6. | ANA Consi derati ons

Thi s docunent introduces a new top-level registry for GWLS routing
paraneters for WSON encoding. This new | ANA registry has been
created to make the assignment of a new type and new val ues for the
new "GWLS Routing Paraneters for WBON' registry. Note that this
registry is only used in routing, not in signaling.

6.1. Types for Subfields of WSON Resource Bl ock Infornmation

Under the new "GVPLS Routing Paraneters for WSON' registry, a new

| ANA subregistry has been created for nested subfields of the
Resource Block Information field to create a new secti on naned "Types
for Subfields of WSON Resource Bl ock Information Registry". This
registry will be maintained via Standards Action as defined by

[ RFC5226] .
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The initial values in the registry are as foll ows:

Val ue Length Descri ption Ref erence
0 Reserved

1 vari abl e Optical Interface O ass List [ RFC7581]
2 vari abl e Acceptable Cient Signal List [ RFC7581]
3 vari abl e Input Bit Rate List [ RFC7581]
4 vari abl e Processing Capability List [ RFC7581]
5- 65535 Unassi gned
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Appendi x A.  Encodi ng Exanpl es

A. 1. Vavel ength Converter Accessibility Field

Figure 1 shows a wavel ength converter pool architecture known as

"shared per fiber". |In this case, the input and output pool matrices
are sinply:
+oeem - + +oeem - +
| 11 | 10
W =| . VE = |
| 11| | 01
Fommnn + Fommnn +
I + oo +
| |- > |
| |~ > C |
| R RRRREE > o |
[ Dt- - - > [-----mmm e > m |
+ e+--- >| | | b | —======>
========>| M | Optical | Fom e + | i | Port OL
Port 11 + u+--->] Swtch | | WC Pool | | n
\ - - - > I R | e |
o R e T EEE S I
| | e SRR +
| . | SREEEE +
A N et | |
| D+-- - >| +----+->|WC #2|--+---->] C |
+ et o> | bt | o |
========>| M | | R + | m | =======>
Port 12 + u+---> | | b | Port Q2
\ X+-- - > [----mmmm - > |
oo |- > no |
| |- > e |
| | e > ]
Fom e oo - + Hom - - +
Figure 1: An Optical Switch Featuring a Shared Per-Fi ber \Wavel ength
Converter Pool Architecture
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The wavel ength converters are resource bl ocks and the wavel ength

converter pool is a resource block pool. This can be encoded as
fol | ows:
0 1 2 3

01234567890123456789012345678901
T T i e i i e T e b s S S SN S
| Reserved | 1] Reserved |
T T i i o e e e S e s t o S R TR R R SR
Note: 11,12 can connect to either WC1 or WC2
B T e o i S I i i S S N iy St S I S S
| Action=0 | 0] Reserved | Length = 12 |
T e e i i e e ettt i s s S R S
| Li nk Local ldentifier = #1 |
i T i i o e e e e e e et i S S S R R SR
| Li nk Local ldentifier = #2 |
B T e o i S I i i S S N iy St S I S S
L.
L.
L.

+ 1

+
Act i on=0 | 1] Reserved | Length = 8 |
B s S e O i et S R e i ol st S S S S S S S
RB ID = #1 |
B e o s o T Tt sl i sl S S S S S S S S
RB ID = #2 |
i e i e o I I e e S e e el e e ol I I R i i e e el o
Note: WCLl can only connect to OL

T T i e i i e S e o S h SR SN SR
| Action=0 | 1] Reserved | Length = 8 |
i T i e S e e R i s o S R R TR R R SR
| Li nk Local ldentifier = #1 |
B T e o i S I i i S S N iy St S I S S
| Action=0 | 0] Reserved | Length = 8 |
T e e i i e e ettt i s s S R S
| RB ID = #1 |
i T i i o e e e e e e et i S S S R R SR

Note: WC2 can only connect to Q2
B T e o i S I i i S S N iy St S I S S
| Action=0 | 1] Reserved | Length = 8 |
T R O e i e e R e e e e s s sl i R SR R e S
| Li nk Local Identifier = #2 |
T T T o e e i i e e e i i o
| Action=0 | Of | Length = 8 |
B T e o i S I i i S S N iy St S I S S
| RB ID = #2 |
T R e e e e e e e e s s i SR SR RS S
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A 2.

A 3.

Ber

Wavel engt h Conversi on Range Field

Thi s exanpl e, based on Figure 1, shows how to represent the

wavel engt h conversion range of wavel ength converters. Suppose the
wavel engt h range of input and output of WC1 and WC2 are {L1, L2, L3,
L4} :

0 1 2 3
01234567890123456789012345678901
Not e: WC Set
B T e o i S I i i S S N iy St S I S S
| Action=0 | 1] Reserved | Length = 8 |
T e e i i e S e st i s s SN SR
| WC ID = #1 | WC ID = #2 |
T T i i e e e e e E et e i s s SR R SR
Not e: wavel ength i nput range

B T e o i S I i i S S N iy St S I S S
| 2 | Num Wavel engths = 4 | Length = 8 |
B s S S i i i ks a ks st S S S S S S
|Gid] CS | Reserved | n for lowest frequency =1 |
R R R R e e s o S e R S S S S S S e e e e e
Not e: wavel engt h out put range
B T e o i S I i i S S N iy St S I S S
| 2 | Num Wavel engths = 4 | Length = 8 |
B s S S i i i ks a ks st S S S S S S
|Gid] CS | Reserved | n for lowest frequency =1 |
R R R R e e s o S e R S S S S S S e e e e e

An OCEO Switch with DWDM Opti cs
Figure 2 shows an el ectronic switch fabric surrounded by DWM optics.
In this exanple, the electronic fabric can handle either G 709 or
Synchronous Digital Hi erarchy (SDH) signals only (2.5 or 10 Gops).
To describe this node, the followi ng information i n Reduced Backus-
Naur Form (RBNF) form [ RFC5511] is needed:
<Node_Info> ::= <Node_ | D>

[ her GWPLS info-el emrent s]

[ <ConnectivityMatrix>...]

[ <Resour cePool >]

[ <RBPool St at e>]
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<ConnectivityMatri x> is not
sufficient ports to handle al

el enent

Hence,

<Resour cePool > :

/] +

[ D+--->

+ e+--->
::::::::>| M |
Port 11 + u+--->
\ X+--->

\ I

I

A I

| D+- - - >

+ e+--->
::::::::>| M |
Port 12 + u+--->
\ X+--->

\ I

I

/1 I

[ D+--->

+ e+--->
::::::::>| M |
Port I3 + u+--->
\ X4 - - >

\ +

Figure 2: An Optica

The resource block information will
constraints of the receivers,
The resource availability information,
signals nmust traverse the electronic fabric (fixed
The resource wavel ength constraints are not needed

swi tch.
tells us that all
connectivity).

i's not needed.

the attention wll

required.

there is conplete port-to-port connectivity,
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The <ResourceBl ockl nfo> is encoded as foll ows:

0 1 2 3

01234567890123456789012345678901
B T e o i S I i i S S N iy St S I S S

RB Set Field |

(only one resource block in this exanple with shared |

| i nput/out put case) |
R R R R e e s o S e R S S S S S S e e e e e

| 1] 1] O] Reserved |
B T e o i S I i i S S N iy St S I S S

| Optical Interface Cass List(s) |

T T R o o i e S  E  E e e s o i N SR
| Input Cient Signal Type |
: (GPIDs for SDH and G 709) :
B e s i e e e s i i ST RIE CRIE TR TR TR S T S S S s sl S S S
| I nput Bit Rate Range Li st |
: (2.5 Ghps, 10 Ghps) :
e e e e e e e b e e e e e e e e e e e A e e e e e e e e e e e e
| Processing Capabilities List |
: Fi xed (non optional) 3R regeneration :

i S S S T i i S S i i S S S S R T T

Since there is fixed connectivity to resource blocks (the electronic
switch), the <RBAccessibility> is:

0 1 2 3
01234567890123456789012345678901
B e e i S e e T s i i S T R SR S S S S T S i
Connecti vi t y=0| Reser ved |
B i T e e S i i i TR S S e e i Tt RIS S T S R S
Input Link Set Field A #1 |
(AI'l input links connect to resource) :
e i el T I N N e e T ik IR R R R R RN i el R NI N R R R i el S
| RB Set Field A #1 |
: (trivial set only one resource bl ock) :
s i e S e S T S S S e O i i R S NI S e R S S
| Qutput Link Set Field B #1 |
: (Al'l output links connect to resource) :
e i el T I N N e e T ik IR R R R R RN i el R NI N R R R i el S

—+
|
+-
|
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