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I nt roducti on

Thi s docunent defines a YANG data nodel to describe mcrowave and
mllimeter-wave radio links in a network topol ogy (hereafter,
"mcrowave" is used to sinplify the text). The YANG data node
describes radio links, supporting carrier(s), and the associ ated
carrier termnation points [RFC8561]. A carrier is a single link
providing transport capacity over the air. It is typically defined
by its transmtting and receiving frequencies. A radio link provides
the transport capacity of the supporting carriers in aggregated and/
or protected configurations, which can be used to carry traffic on
hi gher topol ogy | ayers such as Ethernet and Ti ne-Division

Mul tiplexing (TDM. The nodel augnments the YANG Data Model for
Traffic Engineering (TE) Topol ogies defined in [ RFC8795], which is
based on A YANG Data Model for Network Topol ogies defined in

[ RFC8345] .

The nicrowave poi nt-to-point radio technol ogy provides connectivity
on Layer 0O or Layer 1 (LO/L1) over a radio |link between two

termi nation points using one or several supporting carriers in
aggregated or protected configurations. That application of

m crowave technol ogy cannot be used to perform cross-connection or
switching of the traffic to create network connectivity across
multiple mcrowave radio links. |Instead, a payload of traffic on
hi gher topol ogy | ayers, nornmally Layer 2 (L2) Ethernet, is carried
over the microwave radio link. Wen the microwave radio link is
term nated at the endpoints, cross-connection and sw tching can be
performed on that higher |ayer creating connectivity across multiple
supporting mcrowave radi o |inks.

The nicrowave topol ogy nodel is expected to be used between a
Provi si oning Network Controller (PNC) and a Miulti-Donmain Service
Coordi nator (MDSC) [RFCB453]. Examples of use cases that can be
supported are:

1. Correlation between mcrowave radio |links and the supported |inks
on higher topology |layers (e.g., an L2 Ethernet topology). This
i nformati on can be used to understand how changes in the
performance/ status of a microwave radio link affect traffic on
hi gher | ayers.

2. Propagation of relevant characteristics of a nmicrowave radio
I'ink, such as bandwi dth, to higher topol ogy | ayers, where it
coul d be used as a criterion when configuring and optim zing a
path for a connection or service through the network end to end.

3. Optimzation of the microwave radio |link configurations on a
network | evel, with the purpose to minimze overall interference
and/ or maximn ze the overall capacity provided by the |inks.

Abbr evi ati ons



The foll owi ng abbreviations are used in this docunent:
CTP: Carrier Term nation Point
RLT: Radi o Link Term nal
RLTP: Radi o Link Term nation Point
1.2. Tree Structure
A simplified graphical representation of the data nodel is used in
Section 2 of this docunent. The neaning of the synbols in these
diagrans is defined in [ RFC8340].
1.3. Prefixes in Data Node Nanes
In this docurment, names of data nodes and ot her data npodel objects

are prefixed using the standard prefix associated with the
correspondi ng YANG i nported nodul es, as shown in Table 1.

B b oo el sl e e e g U
| Prefix | YANG Mbodul e | Reference |
[ el e e s sl e ]
| nw | ietf-network | [ RFC8345] |
F--- - - B e ] F-- - - - +
| nt | ietf-network-topology | [ RFC8345] |
R I i I I R I +
| mv+types | ietf-mcrowave-types | [RFC8561] |
R i B i T R +
| tet | ietf-te-topol ogy | [RFC8795] |
F--- - - B e ] F-- - - - +

Table 1. Prefixes for Inported YANG Modul es
2. Mcrowave Topol ogy YANG Data Mdel
2.1. YANG Tree
nmodul e: i etf-mcrowave-topol ogy

augrment / nw net wor ks/ nw:. net wor k/ nw. net wor k-t ypes/tet:te-topol ogy:
+--rw mwt opol ogy!
augnment / nw. net wor ks/ nw. net wor k/ nw: node/tet:te
/tet:te-node-attributes:
+--rw ma node!
augment / nw: net wor ks/ nw. net wor k/ nw. node/ nt: t ermi nati on- poi nt
/tet:te:
+--rw matpl!
+--rw (Mt p-option)?
+--:(mcrowave-rltp)
| +--rw mcrowave-rltp!
+--:(m crowave- ctp)
+--rw m crowave- ct p!
augrment /nw networ ks/ nw. network/nt:link/tet:te
/tet:te-link-attributes:
+--rw maw| i nk!
+--rw (M| i nk-option)
+--: (i crowave-radi o-1i nk)
| +--rw mcrowave-radi o-1ink!
| +--rwrlt-node
| +--rw num bonded-carriers ui nt 32
| +--rw numprotecting-carriers ui nt 32
+--:(m crowave-carrier)
+--rw microwave-carrier!
+--rw tx-frequency? ui nt 32



+--ro actual -rx-frequency? ui nt 32

+--rw channel - separ ati on? ui nt 32
+--ro actual -tx-cn? i dentityref
+--ro actual -snir? deci nal 64

+--ro actual -transmtted-I|evel ? deci nal 64
augrment / nw networ ks/ nw. network/nt:link/tet:te
/tet:te-link-attributes/tet: nmax-|ink-bandw dth
/tet:te-bandw dt h:
+--ro mw bandw dt h? ui nt 64

Figure 1: M crowave Topol ogy Tree
2.2. Relationship between Radi o Links and Carriers

A mcrowave radio link is always an aggregate of one or nultiple
carriers in various configurations or nodes. The supporting carriers
are identified by their term nation points and are listed in the

cont ai ner-bundl ed links as part of the te-link-config in the YANG
Data Mbdel for Traffic Engineering (TE) Topol ogi es [ RFC8795] for a
radi o-1ink. The exact configuration of the included carriers is
further specified in the rlt-npode container (1+0, 2+0, 1+1, etc.) for
the radi o-1ink. Appendix A includes JSON exanpl es of how such a

rel ati onshi p can be nodel ed.

2.3. Relationship with Cient Topol ogy Mdde

A microwave radio link carries a payload of traffic on higher

topol ogy layers, normally L2 Ethernet. The |eafs supporting-network,
supporting-node, supporting-link, and supporting-term nation-point in
the generic YANG nmodul e for Network Topol ogi es [ RFC8345] are expected
to be used to nodel a relationship or dependency from hi gher topol ogy
| ayers to a supporting microwave radio |ink topol ogy |ayer

Appendi x A includes JSON exanples of an L2 Ethernet link transported
over one supporting mcrowave |ink

2.4. Applicability of the Data Mdel for Traffic Engineering (TE)
Topol ogi es

Since mcrowave is a point-to-point radio technology, a majority of
the leafs in the Data Mddel for Traffic Engi neering (TE) Topol ogi es

[ RFC8795] augnented by the microwave topol ogy nodel are not
appl i cable. Exanples of which |leafs are considered applicable can be
found in Appendices A and B in this docunent.

In the nore specific context of the m crowave-specific augnentations
of te-topol ogy, the adm n-status, and oper-status leafs (fromte-
topol ogy) are only applicable to microwave carriers (in the mwv1link
tree); they are not applicable to m crowave radio |inks. Radio |inks
are instead enabled or disabled in the constituent carriers.
Furthernore, the status leafs related to mwtp can be used with
inter-domain |inks and when the status of only one side of the link
is known. However, since microwave is a point-to-point technol ogy
where both ends nornmally belong to the same domain, it is not
expected to be applicable in normal cases.

2.5. Mcrowave Topol ogy YANG Modul e

This modul e inports typedefs and nodul es from [ RFC8345], [RFC8561],
and [RFC8795]. It references [ EN301129] and [ EN302217-1].

<CODE BEG@ NS> file "ietf-m crowave-topol ogy@024-09-30. yang”
nmodul e ietf-m crowave-topol ogy {
yang-version 1.1;
nanespace "urn:ietf:parans: xm :ns:yang:ietf-nicrowave-topol ogy";
prefix m;



import ietf-network {
prefix nw
ref erence
"RFC 8345: A YANG Data Model for Network Topol ogi es";
}
i mport ietf-network-topology {
prefix nt;
ref erence
"RFC 8345: A YANG Data Model for Network Topol ogi es";
}
import ietf-te-topology {
prefix tet;
reference
"RFC 8795: YANG Data Model for Traffic Engi neering
(TE) Topol ogi es";

import ietf-mcrowave-types {
prefix matypes;
reference
"RFC 8561: A YANG Data Model for M crowave Radi o Link";

}

organi zati on
"Internet Engineering Task Force (IETF) CCAWMP WG';
cont act
"WG Web: <https://datatracker.ietf.org/wy/ ccanp/>
WG List: <ccanp@etf.org>

Editor: Jonas Ahl berg

<j onas. ahl berg@ri csson. conp
Editor: Scott Mansfield

<scott.mansfiel d@ricsson. con>
Editor: Mn Ye

<any.yen n@uawei . conr
Editor: Ital o Bus

<l tal 0. Busi @wuawei . conp
Editor: Xi Li

<Xi . Li @ecl ab. eu>
Editor: Daniela Spreafico

<dani el a. spreafi co@oki a. conr

description
"This is a nodule for mcrowave topol ogy.

Copyright (c) 2024 | 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

wi t hout nodification, is permtted pursuant to, and subject
to the license ternms contained in, the Revised BSD License
set forth in Section 4.c of the | ETF Trust’s Legal Provisions
Rel ating to | ETF Documents
(https://trustee.ietf.org/license-info).

This version of this YANG nodule is part of RFC 9656; see
the RFC itself for full legal notices.";

revisi on 2024-09-30 {
description
"lInitial revision.";
ref erence
"RFC 9656: A YANG Data Model for M crowave Topol ogy";
}

grouping rlt-node {
description



"This grouping provides a flexible definition of the nunber
of bonded carriers and protecting carriers of a radio
link.";

| eaf num bonded-carriers {

type uint32;

mandat ory true;

description

"Nunber of bonded carriers.";
}

| eaf numprotecting-carriers {
type uint32;
mandat ory true;
description
"Nurmber of protecting carriers.”;
}

}

groupi ng m crowave-radi o-link-attributes {
description
"Grouping used for attributes describing a m crowave
radio link.";
container rlt-node {
description
"This grouping provides a flexible definition of the nunber
of bonded carriers and protecting carriers of a radio
link.";
uses rlt-node;
}
}

grouping m crowave-carrier-attributes {
description
"Grouping used for attributes describing a m crowave
carrier.";
| eaf tx-frequency {
type uint32;
units "kHz";
description
"Sel ected transmtter frequency.
Rel ated to the data node tx-frequency in RFC 8561.";
reference
"RFC 8561: A YANG Data Mddel for M crowave Radi o Link";

| eaf actual -rx-frequency {
type uint32;
units "kHz";
config fal se;
description
"Conput ed receiver frequency.
Rel ated to the data node actual -rx-frequency in RFC 8561.";
ref erence
"RFC 8561: A YANG Data Model for M crowave Radi o Link";
}

| eaf channel -separation {
type uint32;
units "kHz";
description
"The anount of bandwidth allocated to a carrier. The
di stance between adjacent channels in a radio
frequency channel arrangenent.
Rel ated to the data node channel -separation in RFC 8561.";
ref erence
"ETSI EN 302 217-1 and
RFC 8561: A YANG Data Mddel for M crowave Radi o Link";

| eaf actual -tx-cm {



type identityref {
base mwtypes: codi ng- nodul ati on;

config fal se;
description
"Actual coding/modul ation in transmtting direction
Rel ated to the data node actual -tx-cmin RFC 8561.";
ref erence
"RFC 8561: A YANG Data Model for M crowave Radi o Link";
}

| eaf actual-snir {
type deci mal 64 {
fraction-digits 1;
}

units "dB";
config fal se;
description
"Actual signal-to-noise plus the interference ratio
(0.1 dB resol ution).
Rel ated to the data node actual-snir in RFC 8561.";
reference
"RFC 8561: A YANG Data Model for M crowave Radi o Link";

| eaf actual-transmtted-level {
type deci mal 64 {
fraction-digits 1;

}
units "dBni';
config fal se;
description
"Actual transmitted power level (0.1 dBmresolution).
Rel ated to the data node actual -transnmitted-1|eve
in RFC 8561.";
ref erence
"ETSI EN 301 129 and
RFC 8561: A YANG Data Mddel for Mcrowave Radi o Link";
}
}

groupi ng m crowave- bandwi dth {
description
"Grouping used for m crowave bandw dth.";
| eaf ma bandwi dth {
type ui nt 64;
units "bits/seconds";
config fal se;
description
"Nomi nal mcrowave radio link and carrier bandwi dth.";
}

}

augrment "/ nw networ ks/ nw. net wor k/ nw. net wor k-t ypes/"
+ "tet:te-topol ogy" {
description
"Augnent network types to define a m crowave network
topol ogy type.";
contai ner mwtopol ogy {
presence "I ndi cates a topol ogy type of mcrowave.";
description
"M crowave topol ogy type";
}

}

augrment "/ nw. networ ks/ nw. net wor k/ nw. node/tet:te"
+ "/tet:te-node-attributes" {
when ' ../../../nw network-types



+ '/tet:te-topol ogy/ mM : mawtopol ogy’ {
description
"Augnent ati on paraneters apply only to networks with a
m crowave network topol ogy type.";
}
description
"Augnent network node to indicate a mcrowave node.";
cont ai ner ma node {
presence "I ndicates a mcrowave node.";
description
"M crowave node";

}
}

augnment "/ nw networ ks/ nw. net wor k/ nw. node/ nt:term nation-point/"
+ "tet:te" {
when ' ../../../nw network-types/tet:te-topol ogy/’
+ "mwt : ma-t opol ogy’  {
description
"Augnent ati on paraneters apply only for networks with a
m crowave network topol ogy type.";
}
description
"Augnent ati on to add m crowave-t echnol ogy-specific
characteristics to a termnation point.";
container mwvtp {
presence "Denotes a m crowave term nation point.";
description
"Specification of type of termination point.";
choi ce mwtp-option {
description
"Sel ection of type of term nation point.";
case microwave-rltp {
contai ner m crowave-rltp {
presence
"Denotes a mcrowave radio |link term nation point.
It corresponds to a mcrowave RLT interface as
defined in RFC 8561.";
description
"Denotes and describes a microwave radio link
term nation point.";
ref erence
"RFC 8561: A YANG Data Mddel for M crowave Radi o Link";
}
}

case mcrowave-ctp {
cont ai ner microwave-ctp {
presence "Denotes a m crowave carrier term nation point.
It corresponds to a mcrowave CT interface as
defined in RFC 8561.";
description
"Denotes and describes a microwave carrier
term nation point.";
ref erence
"RFC 8561: A YANG Data Mddel for M crowave Radi o Link";

augrment "/ nw networks/nw. network/nt:link/tet:te/"
+ "tet:te-link-attributes" {
when ' ../../../nw network-types/tet:te-topol ogy/’
+ 'mat : ma-t opol ogy’ {
description



"Augnent ati on paraneters apply only for networks with a
m crowave network topol ogy type.";
}
description
"Augnent ati on to add m crowave-technol ogy-specific
characteristics to a link.";
contai ner ma1ink {
presence "This indicates a mcrowave |ink";
description
"Specification of type of link.";
choi ce ma i nk-option {
mandat ory true;
description
"Sel ection of type of link.";
case mcrowave-radi o-1ink {
contai ner m crowave-radio-1link {
presence "Denotes a m crowave radio |ink";
description
"Denotes and describes a microwave radio link.";
uses microwave-radio-1link-attributes;
}
}

case mcrowave-carrier {
cont ai ner mcrowave-carrier {
presence "Denotes a m crowave carrier”;
description
"Denotes and describes a mcrowave carrier.";
uses mcrowave-carrier-attributes;

augrment "/ nw networks/nw network/nt:link/tet:te/"
+ "tet:te-link-attributes/"
+ "tet:max-1ink-bandw dth/"
+ "tet:te-bandwi dth" {
when *../../../../../nw network-types/tet:te-topol ogy/’
+ "mwt : ma-t opol ogy’ {
description
"Augnent ati on paraneters apply only for networks with a
m crowave network topol ogy type.";
}
description
"Augnentati on for TE bandwi dth.";
uses ni crowave- bandw dt h;

}
}
<CODE ENDS>

Security Considerations

The YANG nodul e specified in this docunent defines schemas 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 NETCONF access control nodel [RFC8341] provides the neans to
restrict access for particular NETCONF or RESTCONF users to a
preconfigured subset of all available NETCONF or RESTCONF protoco
operations and content.



The YANG nodul e specified in this docunent inports and augnments the
ietf-network and ietf-network-topol ogy nodel s defined in [ RFC8345].
The security considerations from|[RFC8345] are applicable to the
nmodul e in this docunent.

There are a nunber of data nodes defined in this YANG nodul e that are
witable/creatabl e/deletable (i.e., config true, which is the
default). These data nodes can be considered sensitive or vul nerable
in some network environnents. Wite operations (e.g., edit-config)
to these data nodes w thout proper protection can have a negative

ef fect on network operations. These are the subtrees and data nodes
and their sensitivity/vulnerability:

* rlt-nmode: A malicious client could attenpt to nodify the node in
which the radio link is configured and, thereby, change the
i nt ended behavi or of the |ink.

* tx-frequency and channel -separation: A nmalicious client could
attenpt to nodify the frequency configuration of a carrier, which
could nodify the intended behavi or or nake the configuration
invalid and, thereby, stop the operation of it.

4. | ANA Consi derati ons

I ANA has assigned a new URI fromthe "I ETF XML Regi stry" [ RFC3688] as
foll ows:

URI: wurn:ietf:paranms:xm:ns:yang:ietf-mcrowave-topol ogy
Regi strant Contact: The |ESG
XM.: N A; the requested URI is an XM. namespace.

| ANA has recorded the YANG npdul e nanes in the "YANG Mddul e Nanmes"
regi stry [ RFC6020] as foll ows:

Nane: ietf-mcrowave-topol ogy

Mai nt ai ned by | ANA?: N

Nanespace: urn:ietf:paranms: xnl:ns:yang:ietf-m crowave-topol ogy
Prefix: m

Ref erence: RFC 9656
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Appendi x A. M crowave Topol ogy Mbdel with Base Topol ogy Model s

The tree bel ow shows an exanple of the relevant |eafs for a conplete
M crowave Topol ogy Model including the augnmented Network Topol ogy
Model defined in [RFC8345] and the Traffic Engineering (TE)

Topol ogi es nodel defined in [RFC8795]. There are al so JSO\ based
instantiations of the Mcrowave Topol ogy Mbdel for a couple of small
net wor k exanpl es.

nmodul e: ietf-network
+--rw networ ks
+--rw networ k* [ network-id]
| +--rw network-id net wor k-i d
+--rw network-types
| +--rwtet:te-topol ogy!
| +--rw mat : ma-t opol ogy!
+--rw supporting- networ k* [ network-ref]

| +--rw network-ref -> [/ net wor ks/ net wor k/ net wor k-id
+--rw node* [node-id]
+--rw node-id node-i d

+--rw supporting-node* [network-ref node-ref]
|  +--rw network-ref
| ] -> ../../../supporting-network/networKk-ref

| +--rw node-ref -> |/ net wor ks/ net wor k/ node/ node-i d
+--rw nt:termnation-point* [tp-id]
| +--rwnt:tp-id tp-id

+--rw nt:supporting-termnation-point*

| [ network-ref node-ref tp-ref]

| +--rw nt:network-ref

| ] -> ../../../nw supporting-node/ net wor k- r ef
| +--rw nt:node-ref

| -> ../../../nw supporting-node/ node-r ef

I

I

I

I

I

|

I

| +--rw nt:tp-ref | eaf r ef

| +--rwtet:te-tp-id?

| te-types:te-tp-id

| +--rwtet:te!

| +--rw tet:nane? string
| +--ro tet:geol ocation

| | +--ro tet:altitude? i nt 64

| | +--ro tet:latitude?

| | ] geogr aphi c- coor di nat e- degr ee
| | +--ro tet:longitude?

| | geogr aphi c- coor di nat e- degr ee
| +--rw mat: mawtp!

| +--rw (MM mwt p-option)?

| +--:(mM:mcrowave-rltp)

| |  +--rw ma:nicrowave-rltp!

| +--:(mM : m crowave- ctp)

| +--rw mat i cr owave- ct p!
+--rw tet:te-node-id? te-types:te-node-id
-rw nt:link* [link-id]

+--rwnt:link-id link-id

+--rw nt:source
| +--rw nt:source-node? -> ../../../nw node/ node-id

I
I
I
I
I
|
I
I
I
I
I
|
I
I
I
I
I
|
I
I
I
I
I
|
I
I
I
I
I
|
I
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I
I
I



| +--rw nt:source-tp? | eaf r ef
+--rw nt:destination
| +--rw nt:dest-node? -> ../../../nw node/ node-id
| +--rwnt:dest-tp? | eaf r ef
+--rw nt:supporting-link* [network-ref [ink-ref]
| +--rw nt:network-ref
| -> ../../../nw supporting-network/networKk-ref
|  +--rwnt:link-ref | eaf r ef
+--rwtet:te!
+--rw (tet:bundl e-stack-1evel)?
| +--:(tet:bundle)
| +--rw tet:bundl ed-Iinks
| +--rw tet:bundl ed-1ink* [sequence]

| +--rw tet: sequence ui nt 32

| +--rwtet:src-tp-ref? | eaf r ef

| +--rw tet:des-tp-ref? | eaf r ef
-rwtet:te-link-attributes

+--rw tet:nane? string

+--rw tet: max-1ink-bandw dth
| +--rwtet:te-bandwi dth
| +--ro mat: mv bandwi dt h? ui nt 64
+--rw mat: ma | ionk!
+--rw (MM ma | i nk-option)
+--:(mM: m crowave-radi o-1i nk)
| +--rw mat:mcrowave-radi o-1i nk!
+--rw mat:rlt-node
+--rw mat : num bonded-carriers

I

I

| | ui nt 32

| +--rw mat: num protecting-carriers
| ui nt 32
+--:(mM: m crowave-carrier)

+--rw mat: m crowave-carrier!
+--rw mat: tx-frequency?

I
|
I
I
I
+-
I
|
I
I
I
I
I
|
I
I
I
I
I
|
I
I
I
I
I
|
I
I
I
I
I
|
I

| ui nt 32

+--ro mat: actual -rx-frequency?

| ui nt 32

+--rw mat : channel - separati on?

| ui nt 32

+--ro mat: actual -t x-cnf

| i dentityref

+--ro mat:actual -snir?

| deci nal 64

+--ro mmt: actual -transmtted-1evel ?
deci nal 64

Figure 2: M crowave Topol ogy with Augnentations Tree

The M crowave Topol ogy Mddel augnents the TE Topol ogy Model .
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Figure 3: Exanple for L2 over M crowave
A.1. Instance Data for 2+0 Mdde for a Bonded Configuration

An L2 network with a supporting mcrowave network, show ng a 2+0

m crowave configuration is provided below. The num bonded-carriers =
2, and the numprotecting-carriers = 0. This neans both carriers are
active, so there is no redundancy and there is nmore capacity. The
JSON encodi ng of the 2+0 exanpl e data foll ows:

{

"ietf-network: networks": {
"network": [
{
"network-id": "L2-network",
"net wor k-types": {
"ietf-te-topol ogy:te-topology": {}

},
"supporting-network": [

"network-ref": "mw network"

}
I,
"node": |
{

"node-id": "L2-N1",

"supporting-node": [

"network-ref": "mm network",
"node-ref": "mw NL"
}

1,

"ietf-network-topol ogy:termination-point": [
"tp-id": "L2-N1-TP1",
"supporting-termnation-point": |

"network-ref": "mawnetwork",
"node-ref": "ma NL",
"tp-ref": "mw N1-RLTP1"
}
]
}
]
b
{

"node-id": "L2-N2",
"supporting-node": [

"network-ref": "mawnetwork",
"node-ref": "mw N2"

}
"ietf-network-topology:termnation-point": [

"tp-id": "L2-N2-TP2",
"supporting-term nation-point": [



"network-ref": "mw network",
"node-ref": "mw N2",
"tp-ref": "mw N2- RLTP2"

1,

"ietf-network-topology:link": [

"link-id": "L2-N1-N2",

"source": {
"sour ce-node": "L2-N1",
"source-tp": "L2-NI1-TP1"

b

"destination": {
"dest-node": "L2-N2",
"dest-tp": "L2-N2-TP2"

}

: upporting-link": [

"network-ref": "mawnetwork",
"link-ref": "mal-NI1-N2"
}
]
}
]
}s
{

"network-id": "mwnetwork",
"networ k-types": {
"ietf-te-topol ogy:te-topology": {
"ietf-m crowave-topol ogy: mwtopol ogy": {}
}

: upporting-network": [

}

"network-ref": "mam network"
}
]1
"node": |

"node-id": "maw N1",
"supporting-node": [

"network-ref": "mawnetwork",
"node-ref": "mw NL"

}
1,

"ietf-network-topol ogy:termination-point": [

"tp-id": "mw NL- RLTP1",
"supporting-term nation-point": [

"network-ref": "mawnetwork",
"node-ref": "ma NL",
"tp-ref": "mw NL-CTP1"

b,

{
"network-ref": "mw network",
"node-ref": "ma NL",
"tp-ref": "ma N1- CTP3"

}

]1
"ietf-te-topology:te-tp-id': "192.0.2.3",



"ietf-te-topology:te": {
"ietf-mcrowave-topol ogy: mwtp": {
"mcrowave-rltp": {}
}
}
b
{

"tp-id": "mw NL-CTP1",
"ietf-te-topology:te-tp-id": 1,
"ietf-te-topology:te": {
"ietf-mcrowave-topol ogy: mwtp": {
"m crowave-ctp": {}
}
}
b,
{

"tp-id": "maw NL- CTP3",
"ietf-te-topology:te-tp-id': 2,
"ietf-te-topology:te": {
"ietf-mcrowave-topol ogy: mwtp": {
"m crowave-ctp": {}

}
}
}
]
1
{
"node-id": "mw N2,
"supporting-node": [
"network-ref": "mwnetwork",
“node-ref": "mw N2"
}
]

"ietf-network-topol ogy:termination-point": [

"tp-id': "mw N2-RLTP2",
"supporting-termnation-point": |

"network-ref": "mawnetwork",
"node-ref": "mw N2",
"tp-ref": "mw N2- CTP2"

b

{
"network-ref": "mw network",
"node-ref": "mw N2",
"tp-ref": "mw N2- CTP4"

}

I,
"ietf-te-topology:te-tp-id": "192.0.2.4",
"ietf-te-topology:te": {
"ietf-mcrowave-topol ogy: mwtp": {
"mcrowave-rltp": {}

}
IS
{
"tp-id": "mw N2- CTP2",
"ietf-te-topology:te-tp-id": 1,
"ietf-te-topology:te": {
"ietf-mcrowave-topol ogy: mwtp": {
“m crowave-ctp": {}
}
}

’

}
{



"tp-id': "mw N2- CTP4",
"ietf-te-topology:te-tp-id": 2,
"ietf-te-topology:te": {
"ietf-m crowave-topol ogy: mwt p":
"m crowave-ctp": {}

}
}
}
]
}
"ietf-network-topol ogy:link": [
{
"link-id": "mwl-NL-N2",
"source": {
"sour ce-node": "ma N1",
"source-tp": "ma N1- RLTP1"
}

" estination": {
"dest-node": "nmw N2",
"dest-tp": "mw N2- RLTP2"

}1
"ietf-te-topology:te": {
"bundl ed- I i nks": {
"bundl ed- i nk": [

{
"sequence": 1,
"src-tp-ref”: "mw N1- CTP1",
"des-tp-ref": "mw N2- CTP2"
b
{
"sequence": 2,
"src-tp-ref”: "mw N1- CTP3",
"des-tp-ref": "mw N2- CTP4"
}

]

e-link-attributes": {
"ietf-m crowave-topol ogy: mw1ink":
"m crowave-radio-link": {
"rlt-nmode": {
"num bonded-carriers": 2,
"num protecting-carriers": O

}

}
}
}

}
}
"link-id": "mac-NL-N2- A",
"source": {

"source-node": "ma N1",

"source-tp": "mw N1- CTP1"
}

" estination": {
"dest -node": "nmw N2",
"dest-tp": "mw N2- CTP2"

}
"ietf-te-topology:te": {
"te-link-attributes": {
"ietf-m crowave-topol ogy: mw1ink":
"m crowave-carrier": {
"tx-frequency": 10728000,
"channel - separation": 28000

}

{

{

{



"link-id": "mac-NL-N2-B",

"source": {

"sour ce-node": "maw N1",
"source-tp": "ma NL- CTP3"

},

"destination": {
"dest-node": "mw N2",
"dest-tp": "mw N2- CTP4"

1

"ietf-te-topology:te": {

"te-link-attributes": {
"ietf-mcrowave-topol ogy: mw1ink": {
"m crowave-carrier": {
"tx-frequency": 10528000,
"channel - separation”": 28000

A.2. Instance Data for 1+1 Mdde for a Protected Configuration

An L2 network with a supporting nicrowave network, showing a 1+1

nm crowave configuration is provided below. The num bonded-carriers =
1, and the numprotecting-carriers = 1. This neans there is a
standby carrier protecting the active carrier. The JSON encodi ng of
the 1+1 exanpl e data foll ows:

"ietf-network: networks": {
"network": [
{
"network-id": "L2-network",
"net work-types": {
"ietf-te-topol ogy:te-topol ogy": {}

11upporting-network": [
"network-ref": "mw network"
}
],
"node": |
{

"node-id": "L2-N1",
"supporting-node": [

"network-ref": "mawnetwork",
"node-ref": "mw NL"

}
"ietf-network-topology:termnation-point": [

"tp-id": "L2-N1-TP1",
"supporting-term nation-point": [



"network-ref": "mw network",
"node-ref": "ma N1L",
"tp-ref": "mw N1-RLTP1"

"node-id": "L2-N2",
"supporting-node": [

"network-ref": "mw network",
"“node-ref": "mw N2"
}

i etf-network-topol ogy:termnation-point": [

]

"tp-id": "L2-N2-TP2",
"supporting-termnation-point": |

"network-ref": "mawnetwork",
"node-ref": "mw N2",
"tp-ref": "mw N2- RLTP2"

] i)
"ietf-network-topol ogy:link": [
{
“link-id": "L2-N1-N2",
"source": {
"source-node": "L2-N1",
"source-tp": "L2-NI1-TP1"

}

",estination": {
"dest-node": "L2-N2",
"dest-tp": "L2-N2-TP2"

}

1upporting-|ink": [

"network-ref": "mawnetwork",
"link-ref": "mal-NI1-N2"

"network-id": "mwnetwork"”,
"networ k-types": {
"ietf-te-topol ogy:te-topology": {
"ietf-m crowave-topol ogy: mw+topol ogy": {}
}

’upporting-netmork": [

}

"network-ref": "mw network"
}
] i)
"node": |

"node-id": "ma N1",
"supporting-node": [



{

"network-ref": "mawnetwork",
"node-ref": "mw NL"
}
1,

"ietf-network-topol ogy:termnation-point": [

"tp-id": "mw NL1-RLTP1",
"supporting-term nation-point": [

"network-ref": "mawnetwork",
"node-ref": "mw N1",
"tp-ref": "mm NL-CTP1"

3

"network-ref": "ma network”,
"node-ref": "mw N1",
"tp-ref": "mw N1-CTP3"
| }
"ietf-te-topology:te-tp-id": "192.0.2.3",
"ietf-te-topology:te": {
"ietf-mcrowave-topol ogy: m+tp": {
"mcrowave-rltp": {}
}
}
H
{

"tp-id": "ma NL-CTP1",
"ietf-te-topology:te-tp-id': 1,
"ietf-te-topology:te": {
"ietf-mcrowave-topol ogy: mwtp": {
"m crowave-ctp": {}
}
}
b
{

"tp-id": "mw NL- CTP3",
"ietf-te-topology:te-tp-id": 2,
"ietf-te-topology:te": {
"ietf-mcrowave-topol ogy: mwtp": {
"m crowave-ctp": {}
}
}
}
]
b
{
"node-id": "mw N2,
"supporting-node": [

"network-ref": "mawnetwork",
"node-ref": "mw N2"
}
I,
"ietf-network-topology:termnation-point": [
{
"tp-id": "mawN2- RLTP2",
"supporting-termnation-point": [

"network-ref": "mw network",
"node-ref": "mw N2",
"tp-ref": "maw N2- CTP2"

’

"network-ref": "mw network",



"node-ref": "mw N2",
"tp-ref": "mw N2- CTP4"
}

1,
"ietf-te-topology:te-tp-id': "192.0.2.4",
"ietf-te-topology:te": {
"ietf-mcrowave-topol ogy: mwtp": {
"mcrowave-rltp": {}
}
}
H
{

"tp-id': "mw N2- CTP2",
"ietf-te-topology:te-tp-id": 1,
"ietf-te-topology:te": {
"ietf-mcrowave-topol ogy: mwtp": {
"m crowave-ctp": {}

}

H

{
"tp-id": "mw N2- CTP4",
"ietf-te-topology:te-tp-id": 2,
"ietf-te-topology:te": {

"ietf-mcrowave-topol ogy: mwtp": {
"m crowave-ctp": {}

1,

"ietf-network-topol ogy:link": [

"link-id": "mwl-NL-N2",
"source": {
"source-node": "ma NL",
"source-tp": "mw N1- RLTP1"

}

"destination": {
"dest-node": "mw N2",
"dest-tp": "mw N2- RLTP2"

}

"ietf-te-topology:te": {

"bundl ed- I i nks": {
"bundl ed- i nk": [

{
"sequence": 1,
"src-tp-ref”: "mw N1- CTP1",
"des-tp-ref": "mw N2- CTP2"
H
{
"sequence": 2,
"src-tp-ref”: "mw N1- CTP3",
"des-tp-ref”: "mw N2- CTP4"
}

]

e-link-attributes": {
"ietf-m crowave-topol ogy: mw1ink": {
"m crowave-radio-link": {
"rlt-node": {
"num bonded-carriers": 1,
"num protecting-carriers": 1
}
}

}



"link-id": "mac-NL-N2- A",

"source": {
"source-node": "ma NL",
"source-tp": "ma NL- CTP1"

b

"destination": {
"dest-node": "mw N2",
"dest-tp": "mw N2- CTP2"

}

ietf-te-topology:te": {
"te-link-attributes": {
"ietf-mcrowave-topol ogy: mw1ink": {
"m crowave-carrier": {
"tx-frequency": 10728000,
"channel - separation": 28000
}
}
}
}

"link-id": "mac-NL-N2-B",
"source": {
"source-node": "ma N1",
"source-tp": "mw N1- CTP3"

}

"destination": {
"dest - node": "mw N2",
"dest-tp": "mw N2- CTP4"

}
"ietf-te-topology:te": {
"te-link-attributes": {
"ietf-mcrowave-topol ogy: mw1ink": {
"m crowave-carrier": {
"tx-frequency": 10728000,
"channel - separation": 28000

Appendi x B. M crowave Topol ogy Model with Exanpl e Extensions

Thi s non-normative appendi x provi des exanpl es of how the M crowave
Topol ogy Mbdel can be used with the interface reference topol ogy
(ifref) [YANG | F- REF-TOPQ] and the bandw dt h-avail ability-topol ogy
(bwa) [ YANG BWA-TOPQ] nodels. There is also a snippet of JSON to
show geol ocation information instance data. Wen the JSON files have
long lines, the long lines are wrapped as described in [ RFC8792].

The tree bel ow shows an exanple of the relevant |eafs for a conplete
M crowave Topol ogy Model including interface reference topol ogy
(ifref) [YANG | F- REF- TOPQl and bandwi dt h-avail ability-topol ogy (bwa)
[ YANG BWA- TOPO nopdel s.



modul e: ietf-network
+--rw networ ks
+--rw networ k* [ network-id]
|  +--rw network-id net wor k-i d
+--rw network-types
| +--rwtet:te-topol ogy!
| +--rw mat : ma-t opol ogy!
+--rw supporting-network* [network-ref]

| +--rw networKk-ref -> [ net wor ks/ net wor k/ network-id
+--rw node* [node-id]
+--rw node-id node-i d

+--rw supporting-node* [network-ref node-ref]
| +--rw networKk-ref
| -> ../../../supporting-network/networKk-ref

| +--rw node-ref -> [ net wor ks/ net wor k/ node/ node-i d
+--rw nt:termnation-point* [tp-id]
| +--rwnt:tp-id tp-id

+--rw nt:supporting-term nation-point?*

| [ network-ref node-ref tp-ref]

| +--rw nt:network-ref

| -> ../../../nw supporting-node/ net work-ref
| +--rw nt:node-ref

| ] -> .. /../../Inw supporting-node/ node-ref

|  +--rwnt:tp-ref | eaf r ef
+--rwtet:te-tp-id?

| te-types:te-tp-id

+--rwtet:te!

+--rw tet:nane? string
+--ro0 tet:geol ocation

| +--ro tet:latitude?

| geogr aphi c- coor di nat e- degr ee
| +--ro tet:longitude?

| geogr aphi c- coor di nat e- degr ee
+--rw mat ;i ma-t p!

|  +--rw (mM: ma-t p-option)?

| +--:(mM:mcrowave-rltp)

| |  +--rw ma:mcrowave-rltp!

| +--:(mM : m crowave- ctp)

| +--rw mat: i cr owave- ct p!
+--rwifref:tp-to-interface-path?

I
|
I
I
I
I
I
|
I
I
I
I
| | +--ro tet:altitude? i nt 64
|
I
I
I
I
I
|
I
I
I
I
| -> [if:interfaces/interface/ nane

+--rw tet:te-node-id? te-types:te-node-id
+--rwnt:link* [link-id]

+--rwnt:link-id link-id

+--rw nt:source

| +--rwnt:source-node? -> ../../../nw node/node-id

| +--rw nt:source-tp? | eaf r ef

+--rw nt:destination

| +--rwnt:dest-node? -> ../../../nw node/node-id

|  +--rw nt:dest-tp? | eaf r ef

+--rw nt:supporting-link* [network-ref [ink-ref]
| +--rw nt:network-ref
| ] -> ../../../nw supporting-network/ networKk-ref
|  +--rwnt:link-ref | eaf r ef
+--rwtet:te!
+--rw (tet:bundl e-stack-1evel)?
| +--:(tet:bundle)
| +--rw tet:bundled-Iinks
| +--rw tet: bundl ed-1ink* [sequence]

I

I

| +--rw tet:sequence ui nt 32

| | +--rwtet:src-tp-ref? leafref

| +--rwtet:des-tp-ref? leafref
+--rwtet:te-link-attributes

| +--rwtet:name? string
I

+--rw tet: max-1ink-bandw dth



+--rw tet:te-bandw dth
+--ro mm : mw bandwi dt h? ui nt 64

+--rw bwat opo: | i nk- bandwi dt h? ui nt 64
+--ro bwat opo: act ual - bandwi dt h?
yang: gauge64

[ [

|| ||

| ] | +--rw ma: w1 nk!

[ | | +--rw (ma:malink-option)

|| [ +- -1 (mat : mi crowave-r adi o- | i nk)

[ | | +--rw mat:mcrowave-radio-link

[ ] [ ] | +--rw ma:rlt-node

[ [ ] | +--rw mat: num bonded-carriers
|| || | | ui nt 32

| [ | +--rw ma: num protecting-carriers
|| || I ui nt 32

|| || +- - (M : ni crowave-carrier)

[ ] [ +--rw ma: i crowave-carrier

|| [ +--rw mu : tx-frequency?

|| || | ui nt 32

|| || +--ro ma : actual -rx-frequency?

|| || | ui nt 32

| [ +--rw mat : channel - separ at i on?

[ [ | ui nt 32

[ [ +--ro mm : actual -t x-cn?

|| || | i dentityref

|| || +--ro mm: actual -snir?

|| || | deci mal 64

[ | +--ro mmt:actual -transmtted-1evel ?
[ [ | deci nal 64

| | +--rw bwatopo:|ink-availability* [availability]
| ] | | +--rw bwatopo:availability deci mal 64
|| ||

|| |

(. |

Figure 4: Mcrowave Topol ogy with Extensions Tree

M crowave is a transport technol ogy that can be used to transport
client services, such as L2 Ethernet links. Wen an L2 link is
transported over a single supporting mcrowave radio |link, the
topol ogi es could be as shown below. Note that the figure just shows
an exanple: there mght be other possibilities to denonstrate such a
topol ogy. The exanple of the instantiation encoded in JSON is using
only a selected subset of the leafs fromthe L2 topol ogy nodel

[ RFC8944]. The exanpl e bel ow uses Figure 3 and adds the interface-
rel ated i nformation.

Node N1 Interfaces
oo + oo +
[ R + |tp-to-interface-path| +------------ + |
| | L2-NL-TP1 | <------mmmmmmm e oo - >| L2l nterfacel| |
|+ ----------- +| |+ ------------ +|
I I I I
[ R + |tp-to-interface-path| +------------ + |
| | mwNL-RLTPL| <--------mmmmmmm e oo - >| RLT-1 | |
[ R + | | +---mem - +
I I I I
| +------e---- + |tp-to-interface-path| +------------ +
| | mweNL-CTPL | <------mmmmmmme oo - - >| CT-1 | |
|+ ----------- +| |+ ------------ +|
I I I I
| +----------- + |tp-to-interface-path| +------------ + |
| | mwNL-CTP3 | <------mmmmmi e o - >| CT-3 | |
|+ ----------- +| |+ ------------ +|
T + o e +

Node N2 I nterfaces



I I
| | L2-N2-TP2 | <------mmmmmmmi oo - - >| L2l nterface2| |
[ R + | [ R + |
I I I I
[ R + |tp-to-interface-path| +------------ + |
| | mwN2-RLTP2| <-----mmmmmm e oo - - >| RLT-2 | |
| o m e e - +| | S +|
I I I I
| +----------- + |tp-to-interface-path| +------------ + |
| | mw=N2-CTP2 | <-----mmmmmmi e - >| CT-2 | |
[ R + | | +---mee - + |
I I I I
| +----------- + |tp-to-interface-path| +------------ + |
| | mMweN2-CTP4 | <-----mmmmim e oo - >| CT-4 | |
[ R + | [ R + |
oo + oo e oo +

Figure 5: Interface Extension Exanple for L2 over M crowave
B.1. Instance Data for 2+0 Mdde

An L2 network with a supporting mcrowave network, including

m crowave-t opol ogy (mv) and bandwi dt h-avail ability-topol ogy (bwa)
nmodel s as well as the reference to the associated interface
managenent information, is encoded in JSON as foll ows:

"ietf-interfaces:interfaces": {
"interface": |

{
"name": "L2Interfacel”,
"description": "'Ethernet Interface 1",
"type": "iana-if-type:ethernetCsnmacd"
{
"nanme": "L2lnterface2",
"description": "' Ethernet Interface 2",
"type": "iana-if-type:ethernet Csnmacd"
{
"pame": "RLT-1",
"description": "' Radio Link Termnal 1'",
"type": "iana-if-type:m crowaveRadi oLi nkTerm nal ",
"ietf-m crowave-radi o-1ink: node":
"ietf-mcrowave-types:two-pl us-zero",
"ietf-mcrowave-radi o-link:carrier-term nations": |
"CT-1",
" CT- 3"
]
H
{
"name": "RLT-2",
"description": "'Radio Link Terminal 2'",
"type": "iana-if-type: m crowaveRadi oLi nkTerni nal ",
"ietf-mcrowave-radi o-1ink: node":
"ietf-mcrowave-types:two-plus-zero",
"ietf-mcrowave-radi o-link:carrier-term nations": |
"CT-2",
" CT- 4"
]
b
{
"name": "CT-1",
"description": "'Carrier Term nation 1'",
"type": "iana-if-type:m crowaveCarrierTermn nation",

"ietf-mcrowave-radio-link:tx-frequency": 10728000,



"ietf-m crowave-radio-1ink: dupl ex-di stance": 113000,
"ietf-mcrowave-radi o-1ink: channel -separation": 28000,
"ietf-mcrowave-radi o-link:rtpc": {

"maxi mum nomi nal - power": "20.0"

"ietf-nicromave-radio-link:single": {
"sel ected-cnt': "ietf-mcrowave-types: gam 512"
}

}
{
"name": "CT-3",

"description": "'Carrier Term nation 3",

"type": "iana-if-type:m crowaveCarrierTerm nation",
"ietf-mcrowave-radio-link:tx-frequency": 10528000,
"ietf-mcrowave-radio-|ink: dupl ex-di stance": 113000,
"ietf-mcrowave-radi o-1ink: channel -separation": 28000,
"ietf-mcrowave-radio-link:rtpc": {
"maxi mum nom nal - power": "20.0"

"ietf-mcrowave-radio-link:single": {
"sel ected-cnt': "ietf-mcrowave-types: gam 512"
}

}
{

“name": "CT-2",

"description": "'Carrier Term nation 2'",

"type": "iana-if-type:mcrowaveCarrierTerm nation",

"ietf-mcrowave-radio-link:tx-frequency": 10615000,

"ietf-m crowave-radi o-1ink: dupl ex-di stance": 113000,

"ietf-m crowave-radi o-1ink: channel -separation”": 28000,

"ietf-mcrowave-radio-link:rtpc": {

"maxi mum nom nal - power": "20.0"

}

"ietf-mcrowave-radio-link:single": {
"selected-cn': "ietf-mcrowave-types: gam 512"
}
H
{
"name": "CT-4",

"description': "’ Carrier Term nation 4",

"type": "iana-if-type:m crowaveCarrierTerm nation",
"ietf-mcrowave-radio-link:tx-frequency": 10415000,
"ietf-m crowave-radi o-1ink: dupl ex-di stance": 113000,
"ietf-mcrowave-radi o-1ink: channel -separation": 28000,
"ietf-mcrowave-radio-link:rtpc": {

" maxi mum nomi nal - power": "20.0"

"ietf-mcrowave-radio-link:single": {
"selected-cni': "ietf-mcrowave-types: gam 512"
}
}
]
}
"ietf-network: networks": {
"network": [

"network-id": "L2-network",
"net wor k-types": {
"ietf-te-topol ogy:te-topology": {
"ietf-eth-te-topol ogy: eth-tran-topol ogy": {}
}
} i)

"supporting-network": [

"network-ref": "mw network"

}



]

",ode": [

"node-id": "L2-N1",
"supporting-node": [

"network-ref": "mw network",
"node-ref": "mw NL"

}

i etf-network-topol ogy:termnation-point": [

]

"tp-id": "L2-N1-TP1",
"supporting-termnation-point": [

"network-ref": "mawnetwork",
"node-ref": "mw N1",
"tp-ref": "maw N1-RLTPL"

}

]

]}

"ietf-te-topol ogy:te-node-id": "192.0.2.1",
"ietf-te-topology:te": {
"te-node-attributes": {

"ietf-eth-te-topol ogy: eth-node": {}

}

}

b

{

"node-id": "L2-N2",
"supporting-node": [

"network-ref": "mawnetwork",
"node-ref": "mw N2"

}
"ietf-network-topology:termnation-point": [

"tp-id": "L2-N2-TP2",
"supporting-termnation-point": [

"network-ref": "maxnetwork",
"node-ref": "nmw N2",
"tp-ref": "mw N2- RLTP2"

}

]

]}

"Zetf—te—topology:te—node—id": "192.0.2.2",
"ietf-te-topology:te": {
"te-node-attributes": {

"ietf-eth-te-topol ogy: eth-node": {}

}

}

}

Zetf—netmork-topologyzlink": [

]

{
"link-id": "L2-N1-N2",

"source": {
"sour ce-node": "L2-N1",
"source-tp": "L2-NI1-TP1"
} i)

"destination": {
"dest-node": "L2-N2",



"dest-tp": "L2-N2-TP2"

}1

"supporting-link": [
"network-ref": "mwnetwork",
"link-ref": "mal-NI1-N2"

}

]1

"ietf-te-topology:te": {
"te-link-attributes": {
"interface-sw tching-capability": [

"switching-capability": "ietf-te-types:sw tching-I2sc",
"encoding": "ietf-te-types:|sp-encoding-ethernet”
}
]
}
}
}
]
H
{
"network-id": "mwnetwork",

"net wor k-types": {
"ietf-te-topol ogy:te-topology": {
"ietf-mcrowave-topol ogy: mwtopol ogy": {}
}

: upporting-network": [

}

"network-ref": "mw network"
}
] i)
"node": |
{ _
"node-id": "mw N1",
"supporting-node": [

"network-ref": "mawnetwork",
"node-ref": "mw N1"

-

]

et f-network-topol ogy:term nation-point": [

-~

"tp-id": "maw N1-RLTP1",
"supporting-termnation-point": [

"network-ref": "mw network",
"node-ref": "mw N1",
"tp-ref": "mw N1-CTP1"

}1

{

"network-ref": "mwnetwork",
"node-ref": "mw N1",
"tp-ref": "mw N1-CTP3"

}

]1

"ietf-te-topology:te-tp-id": "192.0.2.3",
"ietf-te-topology:te": {
"ietf-mcrowave-topol ogy: mwtp": {
"mcrowave-rltp": {}
}1
"ietf-tp-interface-reference-topol ogy:tp-to-interface-path":
"RLT-1"
}
}1



"tp-id": "mw NL- CTP1",

"ietf-te-topology:te-tp-id": 1,

"ietf-te-topology:te": {
"ietf-mcrowave-topol ogy: mwtp": {
"m crowave-ctp": {}

}
"ietf-tp-interface-reference-topol ogy:tp-to-interface-path":
"CT-1"
}
H
{
"tp-id": "ma NL- CTP3",
"ietf-te-topology:te-tp-id": 2,
"ietf-te-topology:te": {
"ietf-mcrowave-topol ogy: mwtp": {
"m crowave-ctp": {}
}
"ietf-tp-interface-reference-topol ogy:tp-to-interface-path":
" CT- 3"
}
}
1,

"ietf-te-topol ogy:te-node-id": "192.0.2.1",
"ietf-te-topology:te": {
"te-node-attributes": {
"ietf-m crowave-topol ogy: mwnode": {}
}
}
b
{
"node-id": "mawN2",

"supporting-node": [

"network-ref": "mwnetwork",
"node-ref": "mw N2"

]

et f-network-topol ogy:term nation-point": [

A ———

"tp-id": "mw N2- RLTP2",
"supporting-term nation-point": [

"network-ref": "mm network”,
"node-ref": "mw N2",
"tp-ref": "mw N2- CTP2"

}1

{

"network-ref": "mw network",
"node-ref": "nmw N2",
"tp-ref": "maw N2- CTP4"
}
1,
"ietf-te-topology:te-tp-id': "192.0.2.4",
"ietf-te-topology:te": {
"ietf-mcrowave-topol ogy: mwtp": {
"mcrowave-rltp": {}

| etf-tp-interface-reference-topol ogy:tp-to-interface-path":
"RLT- 2"
}
}1
{

"tp-id": "nmw N2- CTP2",
"ietf-te-topology:te-tp-id": 1,
"ietf-te-topology:te": {



"ietf-mcrowave-topol ogy: mwtp": {
"m crowave-ctp": {}
}1
"ietf-tp-interface-reference-topol ogy:tp-to-interface-path":
IIC'I'_ 2II
}
}1
{

"tp-id": "nmw N2- CTP4",
"ietf-te-topology:te-tp-id": 2,
"ietf-te-topology:te": {
"ietf-mcrowave-topol ogy: mwtp": {
"m crowave-ctp": {}
1
"ietf-
" CT- 4"
}
]}
"ietf-te-topol ogy:te-node-id": "192.0.2.1",
"ietf-te-topology:te": {
"te-node-attributes": {
"ietf-m crowave-topol ogy: mwnode": {}
}
}

tp-interface-reference-topology:tp-to-interface-path":

- e

]

et f-network-topol ogy: link": [

—~

"link-id": "mwl-NL-N2",
"source": {
"sour ce-node": "maw N1",
"source-tp": "maw N1- RLTP1"
}1
"destination": {
"dest-node": "mw N2",
"dest-tp": "mw N2- RLTP2"
}1
"ietf-te-topology:te": {
"bundl ed-li nks": {
"bundl ed-link": [
{
"sequence": 1,
"src-tp-ref”: "mw N1- CTP1",
"des-tp-ref": "mw N2- CTP2"

’

{
"sequence": 2,
"src-tp-ref”: "mw N1- CTP3",
"des-tp-ref": "mw N2- CTP4"
}
]

e-link-attributes": {
"ietf-m crowave-topol ogy: mw1ink": {
"m crowave-radio-link": {
"rlt-node": {
"num bonded-carriers": 2,
"num protecting-carriers": 0
}
}
}
}

}

}
}
{



"link-id": "mac-NL-N2- A",
"source": {
"source-node": "man NL",
"source-tp": "ma N1-CTP1"

}

" estination": {
"dest-node": "mw N2",
"dest-tp": "mw N2- CTP2"

}

"etf—te—topology:te": {
"te-link-attributes": {
"ietf-bandw dt h-avail ability-topology:|ink-availability": [

"availability": "0.99",
"1'i nk-bandwi dt h": "998423"

8
{

"availability": "0.95",
"1ink-bandw dth": "1048576"

}

i etf-mcrowave-topol ogy: mw1link": {
"m crowave-carrier": {
"tx-frequency": 10728000,
"channel - separation”: 28000

]

}
}
}
}
b,
{
"l'ink-id": "mmc-N1-N2-B",
"source": {
"source-node": "ma N1",

"source-tp": "mn N1- CTP3"
}

"destination": {
"dest-node": "nmw N2",
"dest-tp": "mw N2- CTP4"

1
"ietf-te-topology:te": {
"te-link-attributes": {
"ietf-m crowave-topol ogy: mw1ink": {
"m crowave-carrier": {
"tx-frequency": 10528000,
"channel - separation": 28000

B.2. Instance Data for Geol ocation Information

Thi s exanpl e provides a JSON sni ppet that shows geol ocati on
i nformation.

"node": |

"node-id": "mwN1",



"ietf-te-topology:te" : {
"ietf-te-topol ogy: geolocation": {
"al titude": "200000",
"latitude": "45",
"l ongi tude": "90"
}

i etf-network-topology:termnation-point": [

}
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