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A YANG Data Mddel for Layer 0 Types
Abst r act

Thi s docunent defines a collection of compn data types and groupi ngs
in the YANG data nodeling | anguage. These derived comopn types and
groupings are intended to be inported by nodul es that nodel Layer O
optical Traffic Engineering (TE) configuration and state capabilities
such as Wavel ength Switched Optical Networks (WSONs) and flexi-grid
Dense Wavel ength Division Miltiplexing (DADM networKks.

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

Thi s docunent is a product of the Internet Engineering Task Force
(IETF). It represents the consensus of the |IETF comunity. It has
recei ved public review and has been approved for publication by the
Internet Engineering Steering Goup (IESG. Further information on
Internet Standards is available in Section 2 of RFC 7841

I nformati on about the current status of this docunent, any errata,
and how to provide feedback on it nay be obtained at
https://wwv rfc-editor.org/info/rfc9093

Copyright Notice

Copyright (c) 2021 | ETF Trust and the persons identified as the
docunment authors. All rights reserved.

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. Please review these docunents
carefully, as they describe your rights and restrictions with respect
to this docunent. 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 without warranty as
described in the Sinplified BSD License.
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I ntroduction

YANG [ RFC7950] is a data nodeling | anguage used to nobde
configuration data, state data, Renote Procedure Calls, and
notifications for network management protocols such as the Network
Configuration Protocol (NETCONF) [ RFC6241]. The YANG | anguage
supports a small set of built-in data types and provi des nechani sns
to derive other types fromthe built-in types

Thi s docunent introduces a collection of conmmon data types derived
fromthe built-in YANG data types. The derived types and groupi ngs
are designed to be the common types applicable for nodeling Traffic
Engi neering (TE) features as well as non-TE features (e.g., physica
network configuration aspects) for Layer O optical networks in

nodel (s) defined outside of this docunent. The applicability of
Layer O types specified in this docunent includes Wavel ength Sw t ched
Optical Networks (WBONs) [ RFC6163] [I TU-Tg6982] and flexi-grid Dense
Wavel ength Division Miltiplexing (DADM networ ks [ RFC7698]

[1 TU Tg6941] .

.1. Termninol ogy and Not ations

Refer to [ RFC7446] and [ RFC7581] for the key ternms used in this
docunent, and the term nology for describing YANG data nodel s can be
found in [ RFC7950].

The YANG data npbdel in this docunent confornms to the Network
Managenent Datastore Architecture defined in [ RFC8342].

.2. Prefix in Data Node Nanes
In this docunment, nanes of data nodes and other data nodel objects

are prefixed using the standard prefix associated with the
correspondi ng YANG i nported nodul es.

B bbb oo oo s sl
| Prefix | YANG nodul e | Reference

[ gttty ey pl e —p——————
| 10-types | ietf-layerO-types | RFC 9093 |
R I I I R I +

Tabl e 1: Data Node Nanes

The YANG nodule "ietf-layer0O-types" (defined in Section 3) references
[ RFC4203], [RFC6163], [RFC6205], [RFC7698], [RFC7699], [RFC8363],
[1 TU Tg6941], and [ITU Tg6942].

Layer 0 Types Mddul e Contents

Thi s docunent defines a YANG nodul e for common Layer 0 types, ietf-

| ayerO-types. This nmodule is used for WSON and flexi-grid DWM
networks. The "ietf-layerO-types" nmodul e contains the follow ng YANG
reusabl e types and groupi ngs:

| O-grid-type:
A base YANG identity for the grid type as defined in [ RFC6163] and
[ RFC7698] .

dwdm ch-spc-type



A base YANG identity for the DWM channel - spaci ng type as defined
in [ RFC6205] .

cwdm ch-spc-type
A base YANG identity for the Coarse Wavel ength Division
Mul tipl exi ng (CWDM channel - spaci ng type as defined in [ RFC6205].

wson- | abel -start-end:
The WBON | abel range was defined in [ RFC6205], and the generic
t opol ogy nodel defines the |abel-start/|abel-end in [ RFC8795].
Thi s groupi ng shows the WSON-specific | abel-start and | abel -end
i nformati on.

wson- | abel - hop
The WBON | abel range was defined in [ RFC6205], and the generic
t opol ogy nodel defines the |abel-hop in [RFC8795]. This grouping
shows the WSON-specific |abel-hop information.

| 0-1 abel -range-i nf o:
A YANG groupi ng that defines the Layer 0 | abel range infornmation
applicable for WBON as defined in [RFC6205]. This grouping is
used in the flexi-grid DADM by adding nore flexi-grid-specific
par amet ers

wson- | abel - st ep:
A YANG groupi ng that defines | abel steps for WBON as defined in
[ RFC8776] .

flexi-grid-I|abel-start-end:
The flexi-grid | abel range was defined in [RFC7698], and the
generic topol ogy nodel defines the |abel-start/label-end in
[ RFC8795]. This grouping shows the flexi-grid-specific |abel-
start and | abel -end infornation.

flexi-grid-1abel-hop:
The flexi-grid | abel range was defined in [RFC7698], and the
generic topol ogy nodel defines the |abel-hop in [ RFC8795]. This
groupi ng shows the WSON-specific | abel-hop infornmation

fl exi-grid-1|abel -range-info:
A YANG groupi ng that defines flexi-grid |abel range information as
defined in [ RFC7698] and [ RFC8363].

flexi-grid-Iabel-step:
A YANG groupi ng that defines flexi-grid | abel steps as defined in
[ RFC8776] .

YANG Modul e for Layer 0O Types

<CODE BEG NS> file "ietf-layer0O-types@021-08-13. yang"
nmodul e ietf-layer0O-types {
yang-version 1.1;
nanespace "urn:ietf:parans: xnl:ns:yang:ietf-Iayer0-types"”
prefix |0-types;

organi zati on
"I ETF CCAMP Wor ki ng Group";

cont act
"WG Web: <https://datatracker.ietf.org/wy/ ccanp/>
WG List: <mailto:ccanp@etf.org>

Edi tor: Haom an Zheng
<mai | t 0: zhenghaoni an@uawei . con®

Editor: Young Lee
<mai | t 0: youngl ee. t x@mai | . conP



Editor: Ai hua Quo
<mai | t 0: ai huaguo.ietf @nuail.conp

Editor: Victor Lopez
<mai | to: victor.| opez@oki a. conr

Editor: Daniel King
<mai | t 0: d. ki ng@ ancast er. ac. uk>";

description
"This nodul e defines Optical Layer O types. This nodule
provi des groupi ngs that can be applicable to Layer 0O
Fi xed Optical Networks (e.g., CADM (Coarse Wavel ength
Di vi sion Mil tipl exi ng) and DWDM (Dense Wavel ength Divi sion
Mul tiplexing)) and flexi-grid optical networks.

Copyright (c) 2021 | ETF Trust and the persons identified
as authors of the code. All rights reserved.

Redi stribution and use in source and binary forns, with
or without nodification, is pernmitted pursuant to, and
subject to the license terns contained in, the Sinplified
BSD License set forth in Section 4.c of the |ETF Trust’'s
Legal Provisions Relating to | ETF Docunents
(https://trustee.ietf.org/license-info).

This version of this YANG nodule is part of RFC 9093; see
the RFC itself for full legal notices.";

revision 2021-08-13 {
description
"Initial version";
ref erence
"RFC 9093: A YANG Data Model for Layer 0 Types";

}
typedef dwdmn {
type intl6;
description
"The given value "N is used to determine the noninal centra
frequency.
The nom nal central frequency, 'f’', is defined by:

f = 193100.000 GHz + N x channel spacing (neasured in GHz),
where 193100. 000 GHz (193.100000 THz) is the ITU- T 'anchor
frequency’ for transm ssion over the DWDM grid, and where
" channel spacing is defined by the dwdm ch-spc-type.”;

ref erence
"RFC6205: Ceneralized Labels for Lanbda-Sw tch- Capable (LSC)
Label Switching Routers,
ITUT G694.1 (10/2020): Spectral grids for WDM applications
DWDM f r equency grid";
}
typedef cwdmn {

type intl6;

description
"The given value 'N is used to determ ne the nom nal centra
wavel engt h.

The nom nal central wavel ength is defined by:
Wavel ength = 1471 nm + N x channel spacing (neasured in nn

where 1471 nmis the conventional ’'anchor wavel ength” for



transm ssion over the CWDM grid, and where ' channel spacing
is defined by the cwdm ch-spc-type.";
reference

"RFC 6205: Ceneralized Labels for Lanbda-Switch-Capabl e (LSC)
Label Switching Routers,

ITUT G694.2 (12/2003): Spectral grids for WDM applications
CWDM wavel ength grid";

}

typedef flexi-n {
type intl6;
description
"The given value "N is used to determ ne the nom nal centra
frequency.

The nom nal central frequency, 'f', is defined by:
f = 193100.000 GHz + N x channel spacing (neasured in GHz),

where 193100. 000 GHz (193.100000 THz) is the ITU-T '"anchor
frequency’ for transm ssion over the DWDM grid, and where
"channel spacing’ is defined by the flexi-ch-spc-type.

Note that the term’ channel spacing’ can be substituted by the
term’ nom nal central frequency granularity’ defined in
clause 8 of ITUT G694.1.";
ref erence
"RFC 7698: Franework and Requirenents for GVWPLS-Based Control
of Flexi-Gid Dense Wavel ength Division Miltiplexing (DWDM
Net wor ks,
ITUT G694.1 (10/2020): Spectral grids for WDM applications
DWDM f r equency grid";
}

typedef flexi-m/{
type uint 16;
description
"The given value "M is used to determ ne the slot wdth.

A slot width is defined by:
slot width = Mx SWG (neasured in GHz),

where SWG is defined by the flexi-slot-width-granularity.”;
ref erence
"RFC 7698: Franmework and Requirenents for GVWPLS-Based Contro
of Flexi-Gid Dense Wavel ength Division Miltiplexing (DWDM
Net wor ks.
ITUT G694.1 (10/2020): Spectral grids for WDM applications
DWDM f r equency grid";
}

identity 10-grid-type {
description
"Layer 0 grid type";
ref erence
"RFC 6163: Franework for GWLS and Path Conputation El enent
(PCE) Control of Wavel ength Switched Optical Networks (WSONs),
ITUT G 694.1 (10/2020): Spectral grids for WDM applications
DWDM f r equency gri d,
ITUT G 694.2 (12/2003): Spectral grids for WDM applications
CWOM wavel ength grid";
}

identity flexi-grid-dwdm{
base | 0-grid-type;
description
"Flexi-grid";



ref erence
"RFC 7698: Franmework and Requirenents for GVWPLS-Based Contro
of Flexi-Gid Dense Wavel ength Division Miltiplexing (DWDM
Net wor ks,
ITUT G694.1 (10/2020): Spectral grids for WDM applications
DWDM f r equency grid";
}

identity wson-grid-dwdm {
base | 0-grid-type;
description
"DWDM grid";
ref erence
"RFC 6163: Franework for GVPLS and Path Conputation El enent
(PCE) Control of Wavel ength Switched Optical Networks (WSONs),
ITUT G 694.1 (10/2020): Spectral grids for WDM applications
DWDM f r equency grid";
}

identity wson-grid-cwdm {
base | 0-grid-type;
description
"CWDM grid";
ref erence
"RFC 6205: Ceneralized Labels for Lambda- Switch-Capabl e (LSC)
Label Switching Routers,
ITUT G 694.2 (12/2003): Spectral grids for WDM applications
CWDM wavel ength grid";
}

identity dwdm ch-spc-type {
description
"DWDM channel - spaci ng type";
ref erence
"RFC 6205: Ceneralized Labels for Lambda-Switch-Capabl e (LSC)
Label Switching Routers,
ITUT G694.1 (10/2020): Spectral grids for WDM applications
DWDM f r equency grid";
}

identity dwdm 100ghz {
base dwdm ch-spc-type;
description
"100 GHz channel spacing”;

}

identity dwdm 50ghz {
base dwdm ch-spc-type;
description
"50 GHz channel spacing”;

}

identity dwdm 25ghz {
base dwdm ch-spc-type;
description
"25 GHz channel spacing”;

}

identity dwdm 12p5ghz {
base dwdm ch-spc-type;
description
"12.5 GHz channel spacing";

}

identity flexi-ch-spc-type {
description



"Fl exi -grid channel -spaci ng type";
ref erence

"RFC 7698: Franework and Requirenents for GVPLS-Based Control
of Flexi-Gid Dense Wavel ength Division Miltiplexing (DWDM
Net wor ks,

ITUT G694.1 (10/2020): Spectral grids for WDM applications
DWDM f r equency grid";

}

identity flexi-ch-spc-6p25ghz {
base flexi-ch-spc-type;
description
"6.25 GHz channel spacing”;

}

identity flexi-slot-width-granularity {
description
"Flexi-grid slot width granularity"”;

}

identity flexi-swg-12p5ghz {
base flexi-slot-w dth-granularity;
description
"12.5 GHz slot width granularity”;

}

identity cwdm ch-spc-type {
description
"CWDM channel - spaci ng type";
ref erence
"RFC 6205: Ceneralized Labels for Lambda- Switch-Capabl e (LSC)
Label Switching Routers,
ITUT G 694.2 (12/2003): Spectral grids for WDM applications
CWDM wavel ength gri d";
}

identity cwdm 20nm {
base cwdm ch-spc-type;
description
"20nm channel spacing";

}
[* Groupings. */

groupi ng wson-| abel -start-end {
description
"The WSON | abel -start or |abel-end used to specify WSON | abe
range.";
choice grid-type {
description
"Label for DWDM or CWDM grid";
case dwdm {
| eaf dwdmn {
when "derived-fromor-self(../../../grid-type,
\"wson-grid-dwdm ")" {
description
"Valid only when grid type is DAWDM ";

}
type |1 0-types: dwmdm n
description
"The central frequency of DWM ";
ref erence
"RFC 6205: Ceneralized Labels for Lanbda- Swi tch-Capabl e
(LSC) Label Switching Routers”;



case cwdm {
| eaf cwdmn {
when "derived-fromor-self(../../../grid-type,
\"wson-grid-cwdm ")" {
description
"Valid only when grid type is C\DM ";

}
type | 0-types: cwdmn
description
"Channel wavel ength conputing input.";
reference
"RFC 6205: Ceneralized Labels for Lanmbda- Swi tch-Capabl e
(LSC) Label Switching Routers”;

}
}
}
reference
"RFC 6205: Ceneralized Labels for Lambda-Switch-Capabl e (LSC)
Label Switching Routers”;

}

groupi ng wson-| abel - hop {
description
"CGeneric | abel-hop information for WSON';
choice grid-type {
description
"Label for DWDM or CWDM grid";
case dwdm {
choi ce singl e-or-super-channel {
description
"single or super channel”;
case single {
| eaf dwdmn {
type | 0-types: dwdm n
description
"The given value 'N is used to determ ne the
nom nal central frequency.";

}
}

case super {
| eaf-1ist subcarrier-dwdmn {
type |1 0-types: dwmdm n
description
"The given values "N are used to deternine the
nonm nal central frequency for each subcarrier
channel . ";
reference
"I TUT Recormendati on G 694.1: Spectral grids for
WDM appl i cati ons: DWDM frequency grid";
}
}
}
}

case cwdm {
| eaf cwdmn {
type | 0-types: cwdmn
description
"The given value 'N is used to deternmine the nonina
central wavel ength.";
ref erence
"RFC 6205: Ceneralized Labels for Lanmbda-Sw tch-Capable
(LSC) Label Switching Routers”;
}
}
}

ref erence



"RFC 6205: Ceneralized Labels for Lambda- Switch-Capabl e (LSC)
Label Switching Routers";

}

groupi ng | 0-1abel -range-info {
description
"Informati on about Layer O | abel range."
| eaf grid-type {
type identityref {
base | 0-grid-type;
}
description
"Gid type";
}

| eaf priority {
type uint8;
description
"Priority in Interface Switching Capability Descriptor
(1rscoy.";
ref erence
"RFC 4203: OSPF Extensions in Support of Generalized
Mul ti-Protocol Label Swtching (GWLS)"
}
ref erence
"RFC 6205: Ceneralized Labels for Lambda- Switch-Capabl e (LSC)
Label Switching Routers";

}

groupi ng wson-1| abel -step {
description
"Label step information for WSON';
choice I0-grid-type {
description
"Gid type: DWDM CWDM etc.";
case dwdm {
| eaf wson- dwdm channel - spaci ng {
when "derived-fromor-self(../../grid-type,
\"wson-grid-dwdm )" {
description
"Valid only when grid type is DWDM ";
}

type identityref {
base dwdm ch-spc-type;
}
description
"Label -step is the channel spacing (GHz), e.qg.
50. 000, 25.000, or 12.500 GHz for DWDM ";
ref erence
"RFC 6205: Ceneralized Labels for Lanbda-Sw tch-Capabl e
(LSC) Label Switching Routers”;

, 100. 000,

}

case cwdm {
| eaf wson- cwdm channel - spaci ng {
when "derived-fromor-self(../../grid-type,
\"wson-grid-cwdm )" {
description
"Valid only when grid type is OADM ";
}

type identityref {
base cwdm ch-spc-type;
}

description
"Label -step is the channel spacing (nm, i.e., 20 nm
for CWDM which is the only value defined for CADM ";
ref erence



"RFC 6205: Ceneralized Labels for Lanmbda-Sw tch-Capabl e
(LSC) Label Switching Routers”;

}
}
}
ref erence
"RFC 6205: Ceneralized Labels for Lambda- Switch-Capabl e (LSC)
Label Switching Routers,
ITUT G 694.2 (12/2003): Spectral grids for WDM applications
CWDM wavel ength grid";
}

grouping flexi-grid-I|abel-start-end {
description
"The flexi-grid |label-start or |abel-end used to specify
flexi-grid | abel range.";
| eaf flexi-n {
type 1 0-types: flexi-n;
description
"The given value 'N is used to determ ne the nonina
central frequency.";
}
reference
"RFC 7698: Franework and Requirenents for GWPLS-Based Contro
of Flexi-Gid Dense Wavel ength Division Miltiplexing (DWDM
Net wor ks" ;

}

grouping flexi-grid-frequency-slot {

description

"Flexi-grid frequency slot grouping.";
uses flexi-grid-1label-start-end;
| eaf flexi-m{

type 1 0-types: flexi-m

description

"The given value 'M is used to determine the slot width.";

}

ref erence
"RFC 7698: Franmework and Requirenents for GVPLS-Based Control
of Flexi-Gid Dense Wavel ength Division Miltiplexing (DWDM
Net wor ks";

}

grouping flexi-grid-Iabel-hop {
description
"Ceneric |abel-hop information for flexi-grid";
choi ce singl e-or-super-channel {
description
"single or super channel”;
case single {
uses flexi-grid-frequency-slot;
}

case super {
list subcarrier-flexi-n {
key "flexi-n";
uses flexi-grid-frequency-slot;
description
"Li st of subcarrier channels for flexi-grid super
channel . ";

}
}
}

ref erence
"RFC 7698: Franmework and Requirenents for GWPLS-Based Contro
of Flexi-Gid Dense Wavel ength Division Miltiplexing (DW\DM
Net wor ks";



}

grouping flexi-grid-Iabel-range-info {

description
"Fl exi -grid-specific |abel range related information";
uses | 0-1abel -range-i nf o;
container flexi-grid {
description
"flexi-grid definition";
| eaf slot-width-granularity {
type identityref {
base flexi-slot-w dth-granularity;

}
default "flexi-swg-12p5ghz";
description
"M ni mum space between slot widths. Default is 12.500
GHz. ";
ref erence
"RFC 7698: Franework and Requirenents for GVPLS-Based
Control of Flexi-Gid Dense Wavel ength Division
Mul tipl exi ng (DWDM Net wor ks";
}
| eaf mn-slot-width-factor {
type uint16 {
range "1..max";

}

default "1";

description
"Amltiplier of the slot width granularity, indicating
the m ninum sl ot width supported by an optical port.

M nimum sl ot width is cal cul ated by:
M nimum sl ot width (GHz) =
mn-slot-width-factor * slot-width-granularity.";
reference
"RFC 8363: GWPLS OSPF-TE Extensions in Support of Flexi-
Gid Dense Wavel ength Division Miltiplexing (DADM
Net wor ks" ;

}

| eaf max-slot-wi dth-factor {
type uint16 {
range "1..max";

}
must '. >= ../min-slot-width-factor’ {
error-nessage
"Maxi mum sl ot wi dth nust be greater than or equal to
m ni mum sl ot width.";
}

description
"Amltiplier of the slot width granularity, indicating
the maxi mum sl ot wi dth supported by an optical port.

Maxi mum sl ot width is cal cul ated by:
Maxi mum sl ot width (GHz) =
max-sl ot-width-factor * slot-width-granularity

If specified, maxi mum slot wi dth nmust be greater than or

equal to minimumslot width. |If not specified, maxi mum
slot wdth is equal to mninumslot width.";
reference

"RFC 8363: GWPLS OSPF-TE Extensions in Support of Flexi-
Gid Dense Wavel ength Division Miltiplexing (DA\DM
Net wor ks";



}

grouping flexi-grid-Iabel-step {
description
"Label step information for flexi-grid";
| eaf flexi-grid-channel-spacing {
type identityref {
base flexi-ch-spc-type;

}
default "flexi-ch-spc-6p25ghz";
description
"Label -step is the nominal central frequency granularity
(GHz), e.g., 6.25 GHz.";
ref erence
"RFC 7699: Generalized Labels for the Flexi-Gid in Lanbda
Switch Capabl e (LSC) Label Switching Routers";
}
| eaf flexi-n-step {
type uint8;
description
"This attribute defines the multiplier for the supported
val ues of "N .

For exanple, given a grid with a nomnal central frequency
granularity of 6.25 GHz, the granularity of the supported
val ues of the nom nal central frequency could be 12.5 GHz.
In this case, the values of flexi-n should be even and this
constraint is reported by setting the flexi-n-step to 2

This attribute is also known as central frequency
granularity in RFC 8363.";
ref erence
"RFC 8363: QGVWPLS OSPF-TE Extensions in Support of Flexi-Gid
Dense Wavel ength Division Miultiplexing (DADM) Networks";
}
}

}
<CODE ENDS>
Security Considerations

The YANG nodul e specified in this docunent defines a schema for data
that is designed to be accessed via network managenent protocols such
as NETCONF [ RFC6241] or RESTCONF [ RFC8040]. The | owest NETCONF | ayer
is the secure transport |ayer, and the mandatory-to-inpl ement secure
transport is Secure Shell (SSH) [ RFC6242]. The | owest RESTCONF | ayer
is HITPS, and the mandatory-to-inpl enent secure transport is TLS

[ RFCB8446] .

The Network Configuration Access Control Model (NACM [RFC8341]
provides the nmeans to restrict access for particular NETCONF or
RESTCONF users to a preconfigured subset of all avail abl e NETCONF or
RESTCONF protocol operations and content. The NETCONF protocol over
Secure Shell (SSH) specification [ RFC6242] describes a method for

i nvoki ng and running NETCONF within a Secure Shell (SSH) session as
an SSH subsystem

The objects in this YANG nodul e are conmon data types and groupi ngs.
No object in this nodule can be read or witten to. These
definitions can be inported and used by other Layer 0 specific

modul es. It is critical to consider how inported definitions will be
utilized and accessible via RPC operations, as the resultant schema
will have data nodes that can be witable, or readable, and will have

a significant effect on the network operations if used incorrectly or
mal i ciously. Al of these considerations belong in the docunment that
defines the nmodul es that inmport fromthis YANG nodule. Therefore, it



is inportant to manage access to resultant data nodes that are
consi dered sensitive or vulnerable in some network environnents.

The security considerations spelled out in the YANG 1.1 specification
[ RFC7950] apply for this docunent as well.

5. | ANA Consi der ations

| ANA has assigned new URIs fromthe "I ETF XM. Regi stry" [RFC3688] as
fol | ows:

URI: wurn:ietf:params:xm:ns:yang:ietf-layer0O-types
Regi strant Contact: The |ESG
XM.: N A; the requested URI is an XM. nanmespace.

This document registers the foll owing YANG nodul e in the "YANG Mdul e
Nanes" registry [ RFC7950].

Nane: ietf-layerO-types

Nanmespace: urn:ietf:paranms:xm:ns:yang:ietf-1ayer0O-types
Prefix: 10-types

Ref erence: RFC 9093
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