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Abst ract

Thi s docunment defines a YANG data nodel for the configuration and
operations (state, notification, RPC etc.) of IPv4-in-1Pv6 Softwire
Border Routers and Custoner Prem ses Equi pnent. The nodel covers the
Li ght wei ght 4over6, MAP-E and MAP-T Softw re nmechani sns.

Requi rement s Language

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

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute

wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft documents valid for a maxi num of six nonths
and nay be updated, replaced, or obsoleted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress.”

This Internet-Draft will expire on January 9, 2017.
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Copyright (c) 2016 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

This docunment is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Docunents
(http://trustee.ietf.org/license-info) in effect on the date of
publication of this docunent. Please review these documents
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to this docunent. Code Conponents extracted fromthis docunent nust
include Sinplified BSD Li cense 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

The | ETF Softwi re Working G oup has devel oped several |Pv4-in-1Pv6
Sof twi re mechani sns to address vari ous depl oynent contexts and
constraints. As a conpanion to the architectural specification
docunents, this docunent focuses on the provisioning of A+P softwire
functional elenents: Border Routers (BRs) and Custoner Prenises

Equi pnent (CEs).
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Thi s docunent defines a YANG data nodel [RFC6020] that can be used to
configure and manage A+P Softwire el ements using the NETCONF protoco
[ RFC6241]. DS-Lite YANG data nodel is defined in

[1-D. boucadair-softw re-dslite-yang].

The Softwire YANG nodel is structured into two sub-nodels:

0 Lightwei ght 4over6 [ RFC7596]

o0 MAP-E [ RFC7597] and MAP-T [ RFC7599] (conbi ned due to their conmon
configuration parameters).

Two root containers are defined:

1. Container "softwi re-config" holds the collection of YANG
definitions comon to all Softwire el enent configuration

2. Container "softwire-state" holds YANG definitions for the
operational state of the Softwire el ements.

A NETCONF notify nmodule is al so included.

Thi s approach has been taken so that the nodel can be easily extended
to support additional Softw re nmechanisnms, if required

1.1. Term nol ogy
The reader should be famliar with the concepts and terns defined in
[ RFC7596], [RFC7597], [RFC7599], and the YANG data nodel | i ng | anguage
[ RFC6020] .

1.2. Tree Diagrans
The meaning of the synbols in these diagrans are as foll ows:
o0 Brackets "[" and "]" enclose |ist keys.

0 Braces "{" and "}" enclose feature content.

o0 Parentheses "(" and ")" enclose choice and case nodes, and case
nodes are also narked with a colon (":").

o Synbols after data node nanes: "?" neans an optional node, and "*"
denotes a list and leaf-Iist.

o0 Abbreviations before data node names: "rw' neans configuration
data (read-wite), and "ro" neans state data (read-only).
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1.3. YANG Model l'i ng of NAT44 Functionality

5.

5.

The nmodel does not include CPE NAT-specific provisioning parameters
that may be used for | Pv4 address sharing other than the external IP
address and port set which a softwire client may use for NAT44. NAT-
specific considerations are out of scope of this docunent. A YANG
nodel for the configuration and managenment of NAT gateways is
described in [I-D.sivakumar-yang-nat].

Comon

The followi ng sections of the docunment are structured with the root
of the Softwi re YANG nodel (conmon to all mechani sms) descri bed
first. Subsequent sections describe the nodels relevant to the
different softwire nechanisns. Al functions are listed, but the
YANG nodel s use the "feature" statenent to distinguish anong the
different softwi re mechanisnms. This docunent defines a new nodul e
naned "ietf-softwire" for Softwire data nodels such that this nodule
auments "ietf-ipv6-unicast-routing" nodule that is defined in
[I-D.ietf-netnmod-routing-cfg].

Li ght wei ght 4over 6

Li ght wei ght 4over6 (binding) includes two elenents: | wAFTR (BR) and
IwB4 (CE). The I wAFTR holds configuration for |Pv4-1Pv6 address

bi ndi ngs which are used for the forwarding of traffic originating
from | wB4s.

The IwB4 is configured with the relevant paraneters for establishing
the | Pv4-in-1Pv6 tunnel including an | Pv6 address for the | wAFTR and
the | Pv4 configuration for NAT44.

MAP- E and MAP-T

MAP-E and MAP-T el enments are provisioned with the MAP rul es necessary
for defining MAP domains and forwarding rules. For MAP-T CEs, an
additional "ipv6-prefix" parameter is also included. Note that when
referring to MAP-E/T (algorithm, the CE and BR shares the sanme nodel
for configuration and managenent.

Softwi re YANG Tree Di agrans
1. Common Tree Di agrans
Figure 1 describes the high level softwi re YANG data nodel and the

way tree is organized is common to all of the different softwire
mechani sns |listed in Section 1:

Sun, et al. Expi res January 9, 2017 [ Page 4]



Internet-Draft YANG for A+P Softwires July 2016

+--rw softwire-config

| +--rw description? string
| +--rw binding {binding}?

| | +--rwhbr {br}?

| | +--rwer {cr}?

| +--rwalgorithm{algorithn}?

|

--ro softwire-state
+--ro description? string
+--ro binding {binding}?
| +--ro br {br}?
| +--ro ce {ce}?
+--ro algorithm{al gorithn}?

Figure 1: Hi gh Level Softwi re YANG Tree Organi zation
5.2. Lightweight 4over6 Tree Di agrans

Figure 2 defines the softwire data nodel for |wio6 (softw re binding
nmode) whi ch includes | WAFTR (BR) and IwB4 (CE):

nodul e: ietf-softwire
+-rw softwire-config
| +--...
+--rw bi ndi ng {binding}?
+--rw br {br}?
| +--rw enabl e? bool ean
+--rw br-instances
+--rw br-instance* [id]
+--rw bi ndi ng-t abl e-ver si oni ng
| +--rw binding-tabl e-version? uint64

| +--rw binding-tabl e-date? yang: dat e-and-ti ne
+-rwid ui nt 32
+--rw nane? string
+--rw softwi re-numthreshold ui nt 32
+--rw tunnel - payl oad-ntu uintl6

+--rw bi ndi ng-tabl e

I

I

I

I

I

I

I

I

I

| +--rw tunnel -path-nru ui nt 16
I

| +--rw bi ndi ng-entry* [bindi ng-ipv6i nf 0]
I

I

I

I

I

I

I

I

+--rw bi ndi ng-i pv6i nfo uni on

+--rw bi ndi ng-i pv4- addr i net:ipv4-address
+--rw port-set

| +--rw psid-offset uint8

| +--rwpsid-len uint8

| +--rw psid uint16

+--rw br-ipv6-addr i net:ipv6-address
+-rwlifetinme? ui nt 32

+-rw ce {ce}?
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+--rw enabl e?
+--rw ce-instances
+--rw ce-instance* [binding-ipv6info]
+--rw nane?
+--rw tunnel - payl oad-ntu
+--rw tunnel -path-nru
+--rw b4-ipv6- addr - f or mat

+--rw bi ndi ng-i pv4- addr
+--rw port-set

| +--rw psid-offset

| +--rwpsid-len

| +--rwopsid

+--rw br-ipv6-addr
+--rwlifetinme?

+--ro softwire-state
+-- ..

I
I
|
I
I
I
I
| +--rw bi ndi ng-i pv6i nfo
|
I
I
I
I
I
|

+--ro binding {binding}?

+--ro br {br}?

| +--ro br-instances
+--ro br-instance* [id]

+--ro bindi ng-entry* [binding-
+--ro bindi ng-ipv6i nfo

|

[ +--ro
| +--ro0
| +--r0
| +--1r0
| +--ro
[ +--r0
[ +--ro
| +--ro0
| +--r0
| +--1r0
I

|

I

+--ro ce {ce}?

id

name?

sent Packet ?

sent Byt e?
rcvdPacket ?
rcvdByt e?

dr oppedPacket ?

dr oppedByt e?
active-softwre-nunf
bi ndi ng-t abl e

+--ro active?

+--ro0 ce-instances
+--ro ce-instance* [binding-ipv6info]

+--T10
+--r0
+--ro
+--ro
+--r10
+--r10
+--T10
+--r0

name?

bi ndi ng-i pv6i nfo
sent Packet ?

sent Byte?
rcvdPacket ?
rcvdByt e?

dr oppedPacket ?
dr oppedByt e?

July 2016

bool ean

string

uint 16

ui nt 16

bool ean

uni on

i net:ipv4-address

ui nt 8
uint8
ui nt 16
i net:ipv6-address
ui nt 32

ui nt 32
string
yang: zer o- based- count er 64
yang: zer o- based- count er 64
yang: zer o- based- count er 64
yang: zer o- based- count er 64
yang: zer o- based- count er 64
yang: zer o- based- count er 64
ui nt 32

i pv6i nf 0]
uni on
bool ean

string

uni on

yang: zer o- based- count er 64
yang: zer o- based- count er 64
yang: zer o- based- count er 64
yang: zer o- based- count er 64
yang: zer o- based- count er 64
yang: zer o- based- count er 64

Figure 2: Softwi re Lightweight 4over6 Data Moddel Tree Structure

Sun, et al.

Expi res January 9, 2017

[ Page 6]



Internet-Draft YANG for A+P Softwires July 2016

The data nodel assunes that each CE/ BR instance can: be enabl e/
di sabl ed, be provisioned with a dedicated configuration data, and
mai ntain its own binding table.

Addi tional information on sone of the inportant | WAFTR nodes is
provi ded bel ow

0 binding-tabl e-versioning: optionally used to add a increnenta
versi on nunber and/or tinestanp to the binding table. This can be
used for |ogging/data retention purposes. The version nunber is
increnmented and a new tinestanp value witten whenever a change is
made to the contents of the binding table or a new binding table
list is created.

0 binding-entry: used to define the binding relationship between
3-tuples, which contains the |wB4's | Pv6 address/prefix, the
al l ocated I Pv4 address and restricted port-set. For detai
i nformati on, please refer to [ RFC7596].

0 tunnel -payl oad-ntu: used to set the IPv4 MIU for the | wlo6 tunnel

0 tunnel-path-nru: used to set the maxi mum | w406 | Pv6 encapsul ating
packet size that can be received

0 psid-offset: used to set the nunmber of offset bits.

o0 psid-len: defines the nunber of ports that will be allocated for
the softwre.

0 psid: used to identify the set of ports allocated for a specific
softwire.

o tunnel-numthreshol d: used to set the maxi mum nunber of tunnels
that can be created on the | wio6 device sinultaneously.

0 active-tunnel-num (ro): used to present the nunber of tunnels
currently provisioned on the device.

o active (ro): used to show the status of particular binding-entry.

Addi tional information on sone of the inportant |wB4 nodes is
provi ded bel ow

0 b4-ipv6-addr-format: indicates the format of |wB4 | Pv6 address.
If set to true, it indicates that the | Pv6 source address of the
IwB4 is constructed according to the description in Section 6 of
[ RFC7597]; if set to false, the IwB4 can use any /128 address from
the assigned | Pv6 prefix.
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5.3. MAP-E and MAP-T Tree Di agrans

Figure 3 defines the softwire data node

nodul e: ietf-softwire

+--rw softwire-config

| +--..

+--rw algorithm{al gorithn}?
+--rw enabl e?
+--rw al gorithm
+--rw al go-i nstance* [id]
+--rw al go-versi oni ng
| +--rw al go-version?
| +--rw al go-date?
+-rwid
+--rw nane?
+--rw dat a- pl ane
+--rw ea-len
+--rw rul e-i pve-prefix
+--rw rul e-ipvéa-prefix
+--rw forwarding
+--rw psi d- of f set
+--rw psid-len

+--rw tunnel - payl oad-ntu
+--rw tunnel -path-nru
+--rw br-ipv6-addr
+--rw dnr-i pv6- addr

+--ro softwire-state

-

+--ro algorithm{al gorithn}?
+--ro al go-instances
+--ro al go-instance* [id]

+--T0
+--T0
+-T0
+-T0
+-r0
+-T0
+--T0

+--ro0

id

name?

sent Packet ?
sent Byte?
rcvdPacket ?
rcvdByt e?

dr oppedPacket ?
dr oppedByt e?

July 2016

used to set the I Pv6 address type which is
for a conplete address or a prefix.

MAP- E and MAP-T:

bool ean

ui nt 64

yang: dat e-and-ti ne
ui nt 32

string
enuner ati on

uint8
inet:ipv6-prefix
i net:ipva-prefix
bool ean

uint8

uint8

uint16

ui nt 16

i net:ipv6-address
i net:ipv6-prefix

i nt32

string

yang: zer o- based- count er 64
yang: zer o- based- count er 64
yang: zer o- based- count er 64
yang: zer o- based- count er 64
yang: zer o- based- count er 64
yang: zer o- based- count er 64

Figure 3: Softwire MAP-E and MAP-T Data Model Structure

Addi tional information on sone of the inportant MAP-E and MAP-T nodes

i s provided bel ow
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o algo-versioning: optionally used to add a increnmental version
nunber and/or timestanmp to the algorithm This can be used for
| oggi ng/ data retention purposes. The version nunber is
incremented and a new tinestanp value witten whenever a change is
made to the algorithmor a new instance is created

o forwarding: specifies whether the rule can be used as a Forward
Mapping Rule (FMR). If not set, this rule is a Basic Mpping Rule
(BVR) only and nust not be used for forwarding. See Section 4.1
of [RFC7598].

0 ea-len: used to set the Iength of the Enbedded- Address (EA), which
defined in the mapping rule for a MAP donai n.

0 dnr-ipv6-prefix: defines the Default Mapping Rule (DVR) for MAP-T.
This paranmeter is optional when configuring a MAP-T BR

0 stat-count (ro): use to show the nunbers of packets and bytes
i nformati on of specific device respectively.

Notifications for Softw re YANG

This section describes the tree structure for notifications. These
notifications pertain to the configuration and nonitoring portions of
the specific Softwire mechanisnms. The logic is that the softwire
instance notifies the NETCONF client with the index for a mapping
entry and the NETCONF client retrieves the related information from
the operational datastore of that instance.

ule: ietf-softwire

i fications:

+---n softw re-bindi ng-br-event {binding,br}?

| +--ro br-id? -> /softwire-state/binding/br/.../id

| +--ro invalid-entry* -> /softwire-config/binding/br/.../binding-table/b
i ng-entry/ bi ndi ng-i pv6i nfo

| +--ro added-entry* i net:ipv6-address

| +--ro nodified-entry* -> /softwire-config/binding/br/.../binding-table/b
i ng-entry/ bi ndi ng-i pv6i nfo
+---n softw re-bindi ng-ce-event {binding,ce}?

| +--ro ce-binding-ipv6-addr-change i net:ipv6-address

+---n softwire-al gorithminstance-event {algorithnt}?
+--ro algo-id -> /softwire-config/algorithm .../id
+--ro invalid-entry* -> /softwire-config/algorithm .../id
+--ro added-entry* -> /softwire-config/algorithm .../id
+--ro nodified-entry* -> /softwire-config/algorithm .../id

Figure 4: Softwire Notifications Data Mddel Structure

Addi tional information on sonme of the inportant notification nodes is
listed bel ow
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o invalid-entry, added-entry, nodified-entry: used to notify the
client that a specific binding entry or MAP rule is expired or
i nval i dat ed, added, or nodifi ed.

0 ce-bindi ng-ipv6-addr-change: used to notify that the |wB4's
bi ndi ng-i pv6- address has been changed or the val ue of the
"b4-ipv6-addr-format’ is "Fal se".

6. Softwi re YANG Mdel
This nodul e i nports typedefs from [ RFC6991].
<CODE BEG@ NS> file "ietf-softw re@016-06-04. yang"

modul e ietf-softwire {
nanespace "urn:ietf:parans:xm:ns:yang:ietf-softwire";
prefix "softw re";

inmport ietf-inet-types {prefix inet; }
i mport ietf-yang-types {prefix yang; }

organi zation "Softw re Working G oup”;
cont act

Q Sun <sungi.ietf@mail.conr

Hao Wang <wanghl3@mi |l s.t si nghua. edu. cn>

Yong Cui <yong@snet 1. cs. tsi nghua. edu. cn>

lan <Farrer ian.farrer@el ekom de>

Sl adj ana Zoric <sl adjana. zori c@ el ekom de>
Mohaned Boucadair <nmohaned. boucadai r @r ange. con®
Rajiv <Asati rajiva@isco.conr

description
"Thi s docunment defines a YANG data nodel for the configuration and
managenent of A+P Softwi re Border Routers (BRs) and Custoner
Preni ses Equi prent (CEs). It covers Lightweight 4over®6,
MAP- E and MAP-T nechani sns.

Copyright (c) 2016 | ETF Trust and the persons identified

as authors of the code. Al rights reserved.

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

revision 2016-06-04 {

description
"Versi on-05: Combi ned MAP-E/ MAP-T into a single tree. Added binding
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t abl e/ al ogort hm ver si oni ng";
reference "-05";

}

revision 2015-09-30 {
description
"Version-04: Fix YANG syntax; Add flags to nap-rul e; Renove

the map-rul e-type elenent. ";
reference "-04";

}

revision 2015-04-07 {
description
"Version-03: Integrate |wiover6; Updata state nodes; Correct
grammar errors; Reuse groupings; Update descriptions.
Sinplify the nodel.";
reference "-03";

}

revision 2015-02-10 {
description
"Version-02: Add notifications.";
reference "-02";

revision 2015-02-06 {
description
"Version-01: Correct grammar errors; Reuse groupings; Update
descriptions.";
reference "-01";

}

revision 2015-02-02 {
description
"Initial revision.";
reference "-00";

}

/*
* Features
* [

feature binding {
description
"Li ghtwei ght 4over6 (binding) is an | Pv4d-over-1Pv6 tunnelling
transition nechani sm Lightweight 4over6 is a solution designed
specifically for conplete i ndependence between | Pv6 subnet
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prefix (and /128 | Pv6 address) and | Pv4 address with or
wi t hout | Pv4 address sharing.

This is acconplished by nmaintaining state for

each softwire (per-subscriber state) in the central |wAFTR and
a hub-and-spoke forwarding architecture. In order to del egate
the NAPT function and achi eve | Pv4 address sharing,
port-restricted | Pv4 addresses needs to be allocated to CEs.

Besi des | w406, this feature also covers MAP in 1:1 node
(of fset=0, PSID explicit)";

ref erence
" RFC7596" ;
}

feature br {
i f-feature binding;
description
"The AFTR for Lightweight 4over6, so-called |wWAFTR (BR). This
feature indicates that a instance functions as a | wWAFTR (BR)
A I WAFTR (BR) is an |IPv4-in-1Pv6 tunnel concentrator that
mai nt ai ns per-subscriber | Pv4-1Pv6 address binding.";

}

feature ce {

i f-feature binding;

description
"The B4 for Lightweight 4over6, so-called IwB4 (CE). This
feature indicates that a instance functions as a |wB4 (CE). A
IwB4 (ce) is an IPv4-in-1Pv6 tunnel initiator. It is
dual - stack capabl e node, either a directly connected end-host
or a CE. It sources |IPv4 connections using the configured
port-set and the public |IPv4 address."”

}

feature al gorithm {
description

"MAP-E is an I Pv6 transition nmechanismfor transporting |Pv4
packets across an |IPv6 network using | P encapsul ati on. MAP-E
all ows for a reduction of the anount of centralized state using
rules to express | Pv4/IPv6 address mappi ngs. This introduces an
algorithmic relationship between the | Pv6 subnet
and | Pv4 address.
The Mapping of Address and Port - Translation (MAP-T)
architecture is a double statel ess NAT64 based solution. It uses
the stateless algorithm c address & transport |ayer port mapping
schene defined in MAP-E. The MAP-T solution differs from MAP-E in
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the use of IPv4-1Pv6 translation, rather than encapsul ation, as
the formof |1Pv6 donmain transport.
This feature indicates the instance functions as a MAP-E or
MAP-T i nstance."
ref erence
"RFC7597 & RFC7599";
}

/*
* & ouping
*/

groupi ng port-set {
description
"Use the PSID algorithmto represent a range of transport |ayer
ports.";
| eaf psid-offset {
type uint8 {
range O0..16;

mandat ory true

description
"The nunber of offset bits. In Lightweight 4over6, the default
value is 0 for assigning one contiguous port range. In MAP-E/T,
the default value is 6, which excludes system ports by default
and assigns distributed port ranges. If the this paraneter is
| arger than O, the value of offset MJST be greater than 0."

| eaf psid-len {
type uint8 {
range O0..15;

mandat ory true
description
"The length of PSID, representing the sharing ratio for an

| Pv4 address.";
}
| eaf psid {
type uint 16;
mandat ory true
description
"Port Set Identifier (PSID) value, which identifies a set
of ports algorithnmically."
}

}

groupi ng bi nding-entry {
description
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"The | wAFTR mai ntai ns an address binding table that contains
the binding between the |wB4's | Pv6 address, the allocated |IPv4
address and restricted port-set."”;
| eaf binding-ipv6info {
type union {
type inet:ipv6-address;
type inet:ipv6-prefix;

mandat ory true
description
"The I Pv6 information for a binding entry.
If it’s an IPv6 prefix, it indicates that
the 1 Pv6 source address of the IwB4 is constructed
according to the description in RFC7596;
if it’s an I Pv6 address, it neans the | wB4 uses
any /128 address fromthe assigned | Pv6 prefix.

}
| eaf binding-ipv4-addr {
type inet:ipv4-address;
mandat ory true
description
"The | Pv4 address assigned to the |wB4, which is
used as the | Pv4 external address
for 1wB4 | ocal NAPT44.";
}
cont ai ner port-set {
description
"For Lightweight 4over6, the default val ue
of offset should be 0, to configure one contiguous
port range.";
uses port-set {
refine psid-offset {
default "0";
}

}

}

| eaf br-ipv6-addr {
type inet:ipv6-address;
mandat ory true

description
"The | Pv6 address for Iwaftr.";

leaf lifetinme {
type uint32;
units seconds;
description "The lifetinme for the binding entry";

}
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}

/*
groupi ng nat-table {

description
"Grouping 'nat-table’ is not extended. The current nechani sm
is focusing on the provisioning of external |IP address and
port set; other NAT-specific considerations are out of scope.”

}
*/

grouping traffic-stat {
description "Traffic statistics";
| eaf sent Packet {
type yang: zer o- based- count er 64;
description "Nunber of packets sent.";

| eaf sentByte {
type yang: zer o- based- count er 64;
description "Traffic sent, in bytes”

| eaf rcvdPacket {
type yang: zer o- based- count er 64;
description "Nunmber of packets received.";
}
| eaf rcvdByte {
type yang: zer o- based- count er 64;
description "Traffic received, in bytes";
}
| eaf droppedPacket {
type yang: zer o- based- count er 64;
description "Nunber of packets dropped.”
}
| eaf droppedByte {
type yang: zer o- based- count er 64;
description "Traffic dropped, in bytes";

}
}

/*
* Configuration Data Nodes
*/

contai ner softwire-config {
description
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"The configuration data for Softwire instances. And the shared
data describes the softwire data nodel which is common to all of
the different softw re mechani sns, such as description.”
| eaf description {
type string;
description
"A textual description of Softwire.";
}
cont ai ner binding {
i f-feature binding;
description
"l wdover 6 (binding) configuration.";
cont ai ner br {
if-feature br;
description
"Indicate this instance supports the | wWAFTR (BR) function
The instances advertise the BR feature through the
capability exchange mechani sm when a NETCONF session is
establ i shed. ";
| eaf enable {
type bool ean;
description
"Enabl e/ di sabl e the | WAFTR (BR) function.";
}

cont ai ner br-instances {
description
"A set of BRs to be configured.”
list br-instance {
key "id";
description
"A set of IwWAFTRs to be configured."”;
cont ai ner bi ndi ng-tabl e-version {
description "binding table s version";
| eaf binding-tabl e-version{
type uint 64;
description "lIncrenmental version nunber
to the binding table";

}

| eaf binding-table-date {
type yang: date-and-ti ne;
description "Timestanp to the binding
tabl e";

}

}
leaf id {

type uint32;
mandat ory true
description "An instance identifier.";
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}
| eaf nane {
type string;
description "The nane for the Iwaftr.";
}
| eaf softwire-numthreshold {
type uint32;

mandat ory true;
description
"The maxi mum nunber of tunnels that can be created on
the | wAFTR. ";
}
| eaf tunnel - payl oad-ntu {
type uint 16;
mandat ory true
description
"The payl oad MruU for Lightwei ght 4over6 tunnel.";

| eaf tunnel-path-nru {
type uint 16;
mandat ory true
description
"The path MRU for Lightweight 4over6 tunnel.";
}

cont ai ner bi nding-table {
description "binding table";
list binding-entry {
key "bindi ng-i pv6i nfo";
description "binding entry";
uses bi ndi ng-entry;

contai ner ce {

if-feature ce;

description
"Indicate this instance supports the |wB4 (CE) function
The instances advertise the CE feature through the
capability exchange mechani sm when a NETCONF session is
establ i shed.";

| eaf enable {
type bool ean;
description

"Enabl e/ di sable the |wB4 (CE) function."
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cont ai ner ce-instances {
description
"A set of CEs to be configured.”
list ce-instance {
key "bindi ng-i pv6i nfo";
description "instances for CE';
| eaf nane {
type string;
description "The CE s nane.";

| eaf tunnel - payl oad-ntu {
type uint 16;
mandat ory true
description
"The payl oad MIU for Lightwei ght 4over6 tunnel."
}

| eaf tunnel-path-nru {
type uint 16;
mandat ory true
description
"The path MRU for Lightweight 4over6 tunnel.";

}
| eaf b4-ipv6-addr-format {
type bool ean;
mandat ory true
description
"The format of IwB4 (CE) I Pv6 address. If set to true,
it indicates that the | Pv6 source address of the |wB4
is constructed according to the description in
[RFC7596]; if set to false, the |wB4 (CE)
can use any /128 address fromthe assigned | Pv6
prefix.";

uses binding-entry;
}
}
}
}

contai ner algorithm {

if-feature algorithm

description
"Indicate the instances support the MAP-E and MAP-T function
The instances advertise the map-e feature through the
capability exchange mechani sm when a NETCONF session is
established.";

| eaf enable {
type bool ean;
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description
"Enabl e/ di sabl e the MAP-E or MAP-T function.";
}
cont ai ner al go-instances {
description
"A set of MAP-E or MAP-T instances to be configured,
applying to BRs and CEs. A MAP-E/T instance defines a MAP
domai n conpri sing one or nore MAP-CE and MAP-BR';
Iist algo-instance {
key "id";
description "instance for MAP-E MAP-T";
cont ai ner al go-versioning {
description "algorithm s version";
| eaf al go-version {
type uint 64;
description "lIncrenental version nunber to
the al gorithnt;

| eaf al go-date {

type yang: dat e-and-ti ne;

description "Timestanp to the al gorithni;
}

}
leaf id {
type uint32;
mandat ory true;
description "Algorithmlnstance ID';

| eaf nane {
type string;
description "The nane for the instance.";

| eaf data-plane {
type enuneration {
enum "encapsul ati on" {
description "encapsul ati on for MAP-E";
}
enum "transl ati on" {
description "translation for MAP-T";
}
}
description

"Encapsul ation is for MAP-E while translation is
for MAP-T";

| eaf ea-len {

type uint8;
mandat ory true;
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description
"Enmbedded Address (EA) bits are the 1 Pv4 EA-bits
in the I Pv6 address identify an | Pv4
prefi x/address (or part thereof) or
a shared | Pv4 address (or part thereof)
and a port-set identifier.
The length of the EA-bits is defined as
part of a MAP rule for a MAP donmain.";

| eaf rule-ipv6-prefix {
type inet:ipv6-prefix;
mandat ory true
description
"The Rule 1 Pv6 prefix defined in the mapping rule.”

| eaf rule-ipvéd-prefix {
type inet:ipvéa-prefix;
mandat ory true
description
"The Rule I Pv4 prefix defined in the mapping rule.”

| eaf forwarding {
type bool ean;
mandat ory true
description
"Thi s parameter specifies whether the rule nmay be used for
forwarding (FMR). If set, this rule is used as an FMR
if not set, this rule is a BVMR only and nust not be used
for forwarding.";
}
| eaf psid-offset {
type uint8 {
range O..16;
}
mandat ory true
description
"The nunber of offset bits. In Lightweight 4over6, the default
value is 0 for assigning one contiguous port range. In MAP-E/T,
the default value is 6, which excludes system ports by default
and assigns distributed port ranges. If the this paraneter is
| arger than 0, the value of offset MJST be greater than 0.";

| eaf psid-len {
type uint8 {
range O0..15;

mandat ory true
description
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"The length of PSID, representing the sharing ratio for an
| Pv4 address.";

| eaf tunnel - payl oad-ntu {
type uint 16;
description
"The payl oad MIU for MAP-E tunnel."
}
| eaf tunnel-path-nru {
type uint 16;
description
"The path MRU for MAP-E tunnel.";

}
| eaf br-ipv6-addr {
type inet:ipv6-address;
mandat ory true
description
"The | Pv6 address of the MAP-E BR ";
}
| eaf dnr-ipv6e-prefix {
type inet:ipv6-prefix;
description
"The 1 Pv6 prefix of the MAP-T BR ";

/*
* (perational state Data Nodes
*/

contai ner softwire-state {
config fal se
description
"The operational state data for Softw re instances. ";
| eaf description {
type string;
description
"A textual description of the softwire instances."”
}
cont ai ner bi nding {
i f-feature binding;
description
"l wdover 6 (binding) state.";
contai ner br {
if-feature br;
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config fal se
description
"Indicate this instance supports the | wAFTR (BR) function
The instances advertise the Iwaftr (BR) feature through the
capabil ity exchange mechani sm when a NETCONF session is
establ i shed. ";
cont ai ner br-instances {
description
"A set of BRs.";
list br-instance {
key "id";
description "instances for BR';
leaf id {
type uint32;
mandat ory true
description "id";

| eaf nane {
type string;
description "The nane for this lwaftr.";

uses traffic-stat;
| eaf active-softw re-num/{
type uint32;
description
"The nunber of currently active tunnels on the
| wdover 6 (binding) instance.”
}
contai ner binding-table {
description "id";
list binding-entry {
key "bindi ng-i pv6i nfo";
description "An identifier of the binding entry.";
| eaf binding-ipv6info {
type union {
type inet:ipv6-address;
type inet:ipv6-prefix;

mandat ory true
description
"The 1 Pv6 information used to identify

a binding entry. ";

| eaf active {
type bool ean;
description
"Status of a specific tunnel.";
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cont ai ner ce {
if-feature ce;
config fal se
description
"Indicate this instance supports the |wB4 (CE) function
The instances advertise the Iwb4 (CE) feature through the
capability exchange mechani sm when a NETCONF session is
est abli shed. ";
cont ai ner ce-instances {
description
"Status of the configured CEs.";
list ce-instance {
key "bindi ng-i pv6i nfo";
description "a IwB4 (CE) instance.”
| eaf nane {
type string;
description "The CE' s nane.";

}
| eaf binding-ipv6einfo {
type union {
type inet:ipv6-address;
type inet:ipv6-prefix;

mandat ory true
description
"The 1 Pv6 information used to identify

a binding entry. ";

uses traffic-stat;

}
}
}
}

contai ner algorithm {
if-feature algorithm
config fal se
description
"Indicate the instances support the MAP-E and MAP-T function
The instances advertise the nmap-e/ map-t feature through the
capability exchange mechani sm when a NETCONF session is
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establ i shed. ";
cont ai ner al go-instances {
description
"Status of MAP-E instance(s).";
list algo-instance {
key "id";
description "lInstances for algorithni;
leaf id {
type uint32;
mandat ory true
description "id";
}
| eaf nane {
type string;
description "The nap-e instance nane.";

uses traffic-stat;
}
}
}
}

/*
* Notifications
*/
notification softw re-br-event ({
i f-feature binding;
if-feature br;
description "Notification for BR ";

leaf br-id {
type leafref {
pat h

"/softwire-state/binding/br/br-instances/"
+ "br-instance/id";

description "...";

leaf-list invalid-entry {
type leafref {
pat h
"/ softwi re-config/binding/br/br-instances/"
+ "br-instance[id=current()/../br-id]/"
+ "bi ndi ng-tabl e/ bi ndi ng- entry/ bi ndi ng-i pv6i nf 0";
}
description
"Notify the client that a specific binding entry has been
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expired/invalid. The binding-ipv6info identifies an entry.";

| eaf-1ist added-entry {
type inet:ipv6-address;
description
"Notify the client that a binding entry has been added.
The i pv6 address of that entry is the index. The client
get other information fromthe Iwaftr about the entry
i ndexed by that ipv6 address.

leaf-1ist nodified-entry {
type leafref {
pat h
"/softwi re-config/binding/br/br-instances/"
+ "br-instance[id=current()/../br-id]/"
+ "bi ndi ng-tabl e/ bi ndi ng- entry/ bi ndi ng-i pv6i nfo";
}
description "...";
}
}

notification softw re-ce-event {
i f-feature binding;
if-feature ce;
description "CE notification";
| eaf ce-binding-ipv6-addr-change {
type inet:ipv6-address;
mandat ory true
description
"The source tunnel |Pv6 address of the |wB4.
If "b4-ipv6-addr-format’ is false, or the |wh4’' s
bi ndi ng-i pv6- address changes for any reason,
it SHOULD notify the NETCONF client."
}
}

notification softwi re-algorithminstance-event {
if-feature algorithm
description "Notifications for MAP-E or MAP-T."
| eaf algo-id {
type leafref {
pat h
"/softwi re-config/al gorithm al go-i nstances/ al go-instance/id";

mandat ory true
description "MAP-E or MAP-T event.";

}
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leaf-list invalid-entry-id {
type leafref {
pat h
"/softwi re-config/al gorithn al go-i nstances/al go-instance/id";
}

description "lInvalid entry event.";

| eaf-1ist added-entry {
type leafref {
pat h
"/softwi re-config/al gorithn al go-i nstances/al go-instance/id";
}

description "Added entry.";
leaf-list nodified-entry {
type leafref {
pat h
"/softwi re-config/al gorithnial go-instances/al go-instance/id";
}

description "Mdified entry."

}
}

}
<CODE ENDS>
7. Exanple of Configure |wlo6 Bi ndi ng- Tabl e

The | WwAFTR nai ntai ns an address binding table which contains the
foll owi ng 3-tuples:

0 |Pv6 Address for a single |wB4

0 Public I Pv4 Address

0 Restricted port-set

The entry has two functions: the | Pv6 encapsul ati on of inbound |Pv4
packets destined to the IwB4 and the validation of outbound |IPv4-in-
| Pv6 packets received fromthe |wB4 for de-capsul ation

Let’'s consider an exanple to add an entry that naintains the

rel ationship between 3-tuples of |wB4 (2001:db8::1), '192.0.2.1" and

'1234’ in the binding table of the | wAFTR (2001: db8::2). Here is the
exanpl e bi ndi ng-tabl e configuration xm:
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8.

<rpc nessage-i d="101"
xm ns: nc="urn: paranms: xm : ns:yang:ietf-softwire: 1. 0">
<I-- replace with I ANA nanespace when assi gned. -->
<edit-config>
<t ar get >
<runni ng/ >
</target>
<sof tw re-confi g>
<l w4o6-aftr>
<| w4o6-aftr-instances>
<| w4o6-aftr-instance>
<aftr-ipv6-addr>2001: db8:: 2</aftr-ipv6-addr>
<bi ndi ng-t abl e>
<bi ndi ng-entry>
<bi ndi ng-i pv4-addr>192. 0. 2. 1</ bi ndi ng-i pv4- addr >
<port-set>
<psi d>1234</ psi d>
</ port-set>
<bi ndi ng-i pv6- addr >2001: db8: : 1</ bi ndi ng-i pv6- addr >
<active>l</active>
</ bi ndi ng-entry>
</ bi ndi ng-t abl e>
</ 1 w4o6-aftr-instance>
</l w4o6-aftr-instances>
</l w4o6-aftr>
</ softwire-config>

Fi gure 5: | wlo6 Bi ndi ng- Tabl e Configurati on XM
Security Considerations

The YANG nodul e defined in this neno is designed to be accessed via
the NETCONF protocol [RFC6241]. The |owest NETCONF | ayer is the
secure transport |ayer and the nmandatory to inplenment secure
transport is SSH [ RFC6242]. The NETCONF access control nodel

[ RFC6536] provides the neans to restrict access for particul ar
NETCONF users to a pre-configured subset of all avail abl e NETCONF
prot ocol operations and content.

Al data nodes defined in the YANG nodul e which can be created,
nmodi fi ed and deleted (i.e., config true, which is the default).
These data nodes are considered sensitive. Wite operations (e.g.
edit-config) applied to these data nodes wi thout proper protection
can negatively affect network operations.
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9.

10.

11.

11.

| ANA Consi der ati ons

Thi s docunment requests IANA to register the following URI in the
"I ETF XML Regi stry" [RFC3688].

URI: urn:ietf:parans: xm:ns:yang:softwire
Regi strant Contact: The | ESG
XM.: N A; the requested URI is an XM. nanespace.

This docunent requests |ANA to register the follow ng YANG nodule in
the "YANG Modul e Nanes" registry [ RFC6020].

name: ietf-dslite-aftr

nanespace: urn:ietf:paranms: xnl:ns:yang: softwire
prefix: softwire

reference: RFC XXXX
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