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Abst ract

As Enterprises and Service Providers upgrade their brown field or
green field MPLS/ SR core to an | Pv6 transport, Miltiprotocol BGP (MP-
BGP) now plays an inportant role in the transition of their Provider
(P) core network as well as Provider Edge (PE) Inter-AS peering
network fromlPv4d to | Pv6. Operators nust have flexiblity to
continue to support |Pv4 custoners when both the Core and Edge
networks mgrate to IPv6. As well as nust be able to support |Pv6
networks in cases where operators decide to remain on an | Pv4 network
or during transition.

Thi s docunent details the External BGP (eBGP) PE-PE Inter-AS and PE-
CE Edge peering | Pv4-Only PE design where both I Pv4 and | Pv6 all
supported SAFI NLRI can be advertised over a single |IPv4d peer and

| Pv6-Only PE Design where all supported SAFI NLRI can be advertised
over a single | Pv6 peer.

Thi s docunent al so defines a new | Pv4 BGP next hop encodi ng standard
that uses an | Pv4 address as the next hop and not an | Pv4 napped | Pv6
addr ess.

Thi s docunent al so provi des vendor specific test cases for the

| Pv4-Only peering design and | Pv6-Only PE design as well as test
results for the four major vendors stakeholders in the routing and
swi tching indusrty, C sco, Juniper, Nokia and Huawei. Wth the test
results provided for the | Pv6-Only Edge peering design, the goal is
that all other vendors around the world that have not been tested
will begin to adopt and inplenent the design.
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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 https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunments valid for a maxi num of six nonths
and nmay be updated, replaced, or obsol eted 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 23 April 2026
Copyri ght Notice

Copyright (c) 2025 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Docunments (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these documents carefully, as they describe your rights
and restrictions with respect to this docunent. Code Conponents
extracted fromthis docunment nust include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded wi thout warranty as described in the Revised BSD License.

Tabl e of Contents

1. Introduction e e e 4
2. Requirenents Language e e e s e 8
3. Term nol ogy . C e e e 8
4. Problem Statenment . . . e e 9
5. 1Pv6-Only PE-CE Design ALL SAFI Solution . . . . . . . . . . 10
6. |Pv4-Only PE-CE Design ALL SAFl Solution . . . . . . . . . . 12
7. |1Pv6-Only Edge Peering Design ALL SAFI . . . . . . . . . 15
7.1. |1Pv6-Only Edge Peering Packet Wal k ALL SAFI . 15

7.2. |1Pv6-Only PE Design ALL SAFlI over |Pv4-Only Cbre Packet
walk . . . . 16

7.3. 1Pve-Only PE DES|gn ALL SAFI over IPv6-Cth Cbre Packet
walk . . e I 4
8. IPv4-Only Edge Peerlng DeS|gn .o .. . . . .. 20
8.1. |Pv4-Only Edge Peering Packet valk ALL SAFI .. . . . .. 20

M shra, et al. Expires 23 April 2026 [ Page 2]



I nterne

8.
8.
9.

10.
11.

11.

11.

11.

11.

11.

11.

11.

11.

11.

11.

11.

11.

11.

12.

12.

12.

12.

12.

12.

M shr a,

t-Draft |1Pv4-Only and | Pv6-Only PE Design DESI GN Cct ober 2025

2. |1Pv4-Only PE Design ALL SAFI over |Pv4-Only Core Packet

val k

3. IPv4-Only PE Desi gn ALL SAFI over IPv6-Only Core Packet

vl k
| Pv4 Next Hop Encodl ng .
| Pv6-Only PE Design / | Pv6- Onl y PE DeS| gn Test Resul ts
| Pv6-Only PE Design Testing Details . .
1. Test-1 IPv6-Only PE Design All SAFI E2E | Pv6- Onl y
G obal Table over 1Pv4-Only Core(6PE) . . .
2. Test-2 |Pv6-Only PE Design Al SAFI E2E | Pv6- onl y
VPN over |Pv4-Only Core . . . . .
3. Test-3 I Pv6-Only PE Design All SAFI E2E IPv6-OnI y
d obal Table over IPv6-Only Core (4PE) . . .
4. Test-4 IPv6-Only PE Design All SAFlI E2E | Pv6- onl y
VPN over |IPv6-Only Core . . . . .
5. Test-5 I Pv6-Only PE Design All SAFI E2E | Pv6- Onl y
A obal Table over IPv4-Only Core(6PE) - Inter-AS
Option-B

G obal Table over 1Pv4-Only Core(6PE) - Inter-AS
Option-C

VPN over |IPv4-Only - Inter-AS Option-B . .
8. Test-8 IPv6-Only PE Design All SAFI E2E | Pv6- Only
VPN over |1 Pv4-Only Core - Inter-AS Option-C . .
9. Test-9 IPv6-Only PE Design Al SAFI E2E | Pv6- Only

6. Test-6 | Pv6-Only PE Design All SAFI E2E | Pv6-Only

7. Test-7 IPv6-Only PE Design Al SAFI E2E IPv6-Only

G obal Table over I1Pv6-Only Core - Inter-AS Option-B

10. Test-10 | Pv6-Only PE Design Al SAFI E2E | Pv6-Only PE-CE,

A obal Table over IPv6-Only Core - Inter-AS Option-C

VPN over | Pv6-Only Core - Inter-AS Option-B .
VPN over |1Pv6-Only Core - Inter-AS Option-C .
| Pv4-Only PE Design Testing Details .

d obal Table over IPv4-Only Core(6PE) . . .

2. Test-2 IPv4-Only PE Design Al SAFI E2E | Pv4- onl y
VPN over |IPv4-Only Core . . . . .

3. Test-3 IPv4-Only PE Design All SAFI E2E | Pv4- Onl y
A obal Table over IPv6-Only Core (4PE) . . .

4. Test-4 IPv4-Only PE Design All SAFI E2E | Pv4- Onl y
VPN over | Pv6-Only Core . . . . .

5. Test-5 I Pv4-Only PE Design Al SAFI E2E | Pv4- Onl y

G obal Table over 1Pv4-Only Core(6PE) - Inter-AS

Option-B

et al. Expires 23 April 2026

1. Test-1 IPv4-Only PE Design All SAFI E2E | Pv4-Onl y.

11. Test-11 I Pv6-Only PE Design All SAFI E2E | Pv6-Only PE- CE,
12. Test-12 I|Pv6-Only PE Design Al SAFI E2E | Pv6-Only PE-CE,

13. I Pv6-Only PE-CE Qperational Considerations Testing .

20
22
25
26
.. . 28
PE- CE,
. . . 28
PE- CE,
... 29
PE- CE,
.. . 29
PE- CE,
. . . 30
PE- CE,
. . . 30
PE- CE,
... 31
PE- CE,
... 31
PE- CE,
32
PE-CE
32
33
33
34
34
. . . 35
PE- CE,
35
PE-CE
36
PE—CE
36
PE—CE
37
PE-CE,
37
[ Page 3]



Internet-Draft |1Pv4-Only and | Pv6-Only PE Desi gn DESI GN Cct ober 2025

12. 6. Test-6 | Pv4-Only PE Design Al SAFI E2E | Pv4-Only PE- CE,
G obal Table over 1Pv4-Only Core(6PE) - Inter-AS

Option-C . . < ¥ 4
12.7. Test-7 | Pv4-Onl y PE DeS| gn AII SAFI E2E | Pv4-Only PE- CE,
VPN over |IPv4-Only - Inter-AS Qption-B . . . . . . . . 38
12.8. Test-8 IPv4-Only PE Design Al SAFI E2E | Pv4-Only PE-CE,
VPN over |1 Pv4-Only Core - Inter-AS Option-C . . 38
12.9. Test-9 IPv4-Only PE Design Al SAFI E2E | Pv4-Onl y PE-CE
G obal Table over I1Pv6-Only Core - Inter-AS Option-B . 39
12.10. Test-10 IPv4-Only PE Design Al SAFl E2E | Pv4-Only PE-CE,
A obal Table over IPv6-Only Core - Inter-AS Option-C . 39
12.11. Test-11 IPv4-Only PE Design Al SAFlI E2E | Pv4-Only PE-CE,
VPN over | Pv6-Only Core - Inter-AS Option-B . . 40
12.12. Test-12 IPv4-Only PE Design Al SAFl E2E | Pv4- Onl y PE- CE,
VPN over |1Pv6-Only Core - Inter-AS Option-C . . . . . 40
12.13. I Pv4-Only PE-CE Operational Considerations Testing . . . 41
13. SRv6 Applicability to IPv6 Only PE Design . . . . . . . . . . 41
14. Typed and Untyped SAFI . . . . . 43
15. I Pv4-Only PE Design and IPv6 Onl y PE De5| gn ALL AFI/SFI
Qperational Considerations . . . .. . . . 43
16. I ANA Considerations . . . . . . . . . . . . . . . . . . ... 44
17. Security Considerations . . . . . . . . . . . . . . . . . . . 45
18. Acknow edgnents . . . . . . . . . . . . . . . . . . . . ... 45
19. Contributors . . . . . . . . . . . . . . . . . . ... ... 45
20. References . . 1)
20.1. Normative Ref erences . . . . . . . . . . . . . . . . .. 45
20.2. Informative References . . Y 1
Appendi x A, SAFI LI ST FOR PE-CE Edge Scenarl o . e e . . . . .. B
Appendi x B. SAFI LIST FOR Inter-AS PE-PE Scenario . . . . . . . b1
Authors’ Addresses . . . . . . . . . . . . . . . . . . . ... . b4
1. Introduction

As Enterprises and Service Providers upgrade their brown field or
green field MPLS/ SR core to an | Pv6 transport such as MPLS LDPv6, SR-
MPLSv6 or SRv6, Miltiprotocol BGP (MP-BGP) now plays an inportant
role in the transition of the Provider (P) core networks and Provider
Edge (PE) edge networks fromIPv4 to | Pv6.

| XP are also facing | Pv4 address depletion at their peering points,
which are large Layer 2 transit backbones that service providers peer
and exchange | Pv4 and | Pv6 Network Layer Reachability Information
(NLRI'). Today, these transit exchange points are Dual Stacked. Wth
this I Pv6-only BGP peering design, only I Pv6 MIST be configured on
the PE-PE inter-as peering interface, the Inter-AS Provi der Edge (PE)
- Provider Edge (PE), the |IPv6 BGP peer is now used to carry |Pv4
(Network Layer Reachability Infornmation) NLRI over an |IPv6 next hop
using | Pv6 next hop encoding defined in [ RFC8950], while continuing
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to forward both I Pv4 and | Pv6 packets. Wth this IPv6-Only PE

Desi gn, ASBRs providing Inter-AS options peering PE to PE extending
L3 VPN services is now no | onger Dual Stacked and as well can support
ALL AFI / SAFI

Thi s docunent al so provides a solution for use cases where operators
are not yet ready to migrate to IPv6 or SRv6 core and would like to
stay on IPv4-Only Core short to long term and maybe even
indefinitely. Wth this design, operators can now remain with an

I Pv4-Only Core and do not have to migrate to an I Pv6-Only Core. From
a techni cal standpoint the underlay can remain | Pv4 and stil
transport IPv6 NLRI to support |Pv6 custoners, and so does not need
to be nmigrated to | Pv6-Only underlay. Wth this | Pv4d-Only PE Design
solution , IPv4 addressing only needs to be provisioned for the

| Pv4-Only PE-CE eBGP Edge peering design, thereby elimnating | Pv6
provisioning at the Edge. This core and edge | Pv4-Only peering
design can apply to any eBGP peering, public internet or private,

whi ch can be either Core networks, Data Center networks, Access
networ ks or can be any eBGP peering scenario.

MP- BGP specifies that the set of usable next-hop address famlies is
determ ned by the Address Family ldentifier (AFl) and the Subsequent
Address Family ldentifier (SAFlI). Historically the AFI/SAFI
definitions for the IPv4 address fanily only have provisions for
advertising a Next Hop address that belongs to the |IPv4 protocol when
advertising I Pv4d or VPN-IPv4. [RFC8950] specifies the extensions
necessary to allow advertising IPv4 NLRI, Virtual Private Network

Uni cast (VPN-1Pv4) NLRI, Miulticast Virtual Private Network (MWPN

I Pv4) NLRI with a Next Hop address that belongs to the | Pv6 protocol
This conpri ses of an extended next hop encodi ng MP- REACH BGP
capability exchange to allow the address of the Next Hop for |Pv4
NLRI, VPN-IPv4 NLRI and MVPN-1Pv4 NLRI to also belong to the |IPv6
Protocol . [RFC8950] defines the encoding of the Next Hop to
determ ne which of the protocols the address actually belongs to, and
a new BGP Capability allowing MP-BGP Peers to discover dynanically
whet her they can exchange 1 Pv4 NLRI and VPN-IPv4 NLRI with an | Pv6
Next Hop.

Wth the new extensions defined in [ RFC8950] supporting NLRI and next
hop address famly m snmatch, the BGP peer session can now be treated
as a pure TCP transport and carry both IPv4 and I Pv6 NLRI at the
Provi der Edge (PE) - Custoner Edge (CE) over a single |Pv6 TCP
session. This allows for the elimnation of dual stack fromthe PE-
PE Inter-AS peering point, and now enable the Inter-AS peering to be
| Pv6-ONLY. The elimnation of IPv4 Inter Provider ASBR tie point,

PE- PE I nter-AS peering points translates into OPEX expenditure
savings of point-to-point infrastructure Iinks as well as /31 address
space savings and admi ni stration and network managenent of both | Pv4
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and |1 Pv6 BGP peers. This reduction decreases the nunber of PE-PE
Inter-AS options BGP peers by fifty percent, which is a trenmendous
cost savings for operators.

Thi s docunent details an inportant External BGP (eBGP) PE-CE Edge and
PE-PE Inter-AS I Pv4-Only PE Design and | Pv6-Only PE Peering Design
that | everages the MP-BGP capability exchange by using single |IPv4
peering or | Pv6 peering as pure transport, allowing all |Pv4 Network
Layer Reachability Information (NLRI) and |IPv6 Network Layer
Reachability Information (NLRI)to be carried over the sane (Border
Gat eway Protocol) BGP TCP session for all supported Subsequent
Address Family ldentifiers(SAFI).

The desi gn change provides two new alternative to traditional Dua

St acki ng i npl etmt ed today whil e providing the same Dual Stacking
functionality and capabilities that exists today with separate |Pv4
and | Pv6 BGP sessions, but now with this paradigmshift now only
requires a single IPv4 transport peer "IPv4-Only PE Design" or single
| Pv6 transport peer "IPv6-Only PE Design"

I Pv6-Only PE Design entails that an | Pv4 address MJST not be
configured on the PE-CE or PE-PE interface and with the I Pv6-Only PE
Desi gn an | Pv4 address nust not be configured on the PE-CE or PE-PE
i nterface.

| Pv4-Only PE Design entails that an | Pv6 address MUST not be
configured on the PE-CE or PE-PE interface and with the |IPv4-Only PE
Design an | Pv6 address nust not be configured on the PE-CE or PE-PE
i nterface.

From a control plane perspective with the I1Pv6-Only PE design a
single I1Pv6-Only peer is required for both IPv4 and | Pv6 routing
updates and froma data plane forwarindg perspective an | Pv6 address
need only be configured on the PE-CE Edge or PE-PE Inter-AS peering
interface for both | Pv4 and | Pv6 packet forwarding.

From a control plane perspective with the IPv4-Only PE design a
single IPv4-Only peer is required for both IPv4 and | Pv6 routing
updates and froma data plane forwarindg perspective an | Pv4 address
need only be configured on the PE-CE Edge or PE-PE Inter-AS peering
interface for both I Pv4 and | Pv6 packet forwarding.

Thi s docunent defines the | Pv6-Only PE Design and | Pv4-Only PE Design
as a new PE-CE Edge and ASBR- ASBR PE- PE Inter-AS BGP peering Standard
to support all 1Pv4 and | Pv6 AFl AFI and correspondi ng SAFI

ubi qui tously. As service providers nmgrate to Segnent Routing
architecture SR-MPLS and SRv6, VPN overlay exsits as well, and thus
Inter-AS options Option-A, Option-B, Option-AB and Option-C are stil
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applicable and thus this pardigmshift to |Pv4-Only or | Pv6-Only
peering architecure is still very relevant to Segnent Routing
architecture both SR-MPLS and SRv6.

Wth both the I Pv4-Only PE Design and | Pv6-Only PE Design, while the
savings exists at the Edge eBGP PE-PE Inter-AS peering, on the core
side i BGP PE to Route Reflector (RR) peering carrying <AFlI/SAFI> | Pv4
<1/1>, VPN-1PV4 <1/128>, and Milticasat VPN <1/129>, there is no
savings as the Provider (P) Core is IPv6 Only or |1 Pv4-Only, thus can
only have an | Pv6 peer and nust use [ RFC8950] extended next hop
encoding to carrying |Pv4 NLRI |1PV4 <2/1> VPN I|PV4A <2/128>, and
Mul ticast VPN <2/129> over an | Pv4 or | Pv6 next hop.

The 1 Pv4-Only PE Design and | Pv6-Only PE ALL SAFI Design supports the
following IPv4 and 1 Pv6 AFl and their correspondi ng SAFl bel ow. <AFI/
SAFI >, NLRI Milti-Segnment Pseudow res [ RFC7267] <1/6>, BGP Tunnel
Encapsul ati on SAFlI [RFC9012] <1/7>, Tunnel SAFI

[1-D. nal awade- kapoor -t unnel -safi] <1/6>, BGP MDT SAFI [ RFC6037]

<1/ 66>, BGP 4to6 SAFl [RFC5747] <1/67>, BGP 6to4 SAFl draft xx <1/8>,
Layer 1 VPN Auto-Di scovery [RFC5195] <1/69>, SR-TE Policy SAFI draft
<1/ 73>, BGP 6to4 SAFlI draft <1/8>, SDN WAN Capabilities draft <1/74>,
Cl assful -Transport SAFl draftxx <1/76>, Tunneled Traffic Fl owSpec
draftxx <1/77>, MCAST- TREE SAFI draft xx <1/78>, Route Target
Constraints [ RFC4684] <1/132>, Dissenination of Flow Specification
Rul es [ RFC8955] <1/133>, L3 VPN Dissenination of Flow Specification
Rul es [ RFC8955] <1/1344>, VPN Auto-Di scovery SAFI draftxx <1/140>

Thi s docunent provides proof of concept test results for the

| Pv4-Only PE Design and | Pv6-Only PE design for 12 of the nbst common
use cases with 3 of the nmost conmonly used SAFI <AFI/ SAFI > | Pv4
<1/1>, VPN-|PV4 <1/128>, and Milticasat VPN <1/129>, with four mgjor
vendors stakeholders in the routing and switching indusrty, G sco,
Juni per, Nokia and Huawei. Wth the test results provided for the

| Pv6-Only Edge peering design, the goal is that all other vendors
around the world that have not been tested will begin to adopt and

i npl ement this new best practice for eBGP | Pv6-Only Edge peering.
This will give confidence to operators to start the proliferation of
the 1Pv4-Only PE Design and | Pv6-Only PE design worldwide. This
docunent provides a detalied analysis of all IPv4 and | Pv6 address
famly and related SAFI that is supported with the IPv4-Only PE
Design and |1 Pv6-Only PE Design in Section 4. Thus this draft
provides a test use case basis with the three SAFl tested, giving
extensibility to all of the other SAFl that are supported for future
testing and depl oynent by operators.

Thi s docunent al so defines a new | Pv4 next hop encoding for |Pv6 NLRI

over | Pv4d Next Hop to uses 4 byte |Pv4 address for the next hop and
not a | Pv4 mapped | Pv6 address as the new standard. Today the |Pv4
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next hop encoding has mix of 4 octet |Pv4 address for the next hop as
well as I Pv4 mapped | Pv6 address. This is discussed in detail in
section 10.

The Maj or benefit fromthe IPv4-Only PE design is | Pv6 address space
savings and the ability to support IPv6 NLRI without configuring an

| Pv6 address at the PE-CE edge and PE-PE inter-as boundary and avoid
havi ng to upgrade to support I1Pv6 as well elimnation of provisioning
of I Pv6 addressing and Network Operations and nonitoring costs of
tradditional Dual Stacked interfaces with IPv4 and | Pv6 BGP peering
whi ch now translating i nto CAPEX and OPEX Savi ngs.

The Maj or benefit fromthe | Pv6-Only PE design is | Pv4 address space
savi ngs solving | Pv4 address depletion issues and the ability to
support IPv4 NLRI w thout configuring an |IPv4 address at the PE-CE
edge and PE-PE inter-as boundary, as well elimnation of provisioning
of I Pv4 address and Network Qperations and nonitoring costs of
traditional Dual Stacked interfaces with IPv4 and | Pv6 BGP peering
whi ch now translates into CAPEX and OPEX Savi ngs.

2. Requirenents Language
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunment are to be interpreted as described in BCP
14 [ RFC2119] [RFC8174] when, and only when, they appear in all
capital s, as shown here.

3. Term nol ogy
Termi nol goy used in defining the | Pv6-Only Edge specification.
AFBR: Address Fam |y Border Router Provider Edge (PE).
Edge: PE-CE Edge Network Provider Edge - Custoner Edge
Core: P Core Network Provider (P)
4t 06 Softwire : |Pv4 edge over an | Pv6-Only core
6t 04 Softwire: |1Pv6 edge over an |IPv4-Only core

E2E: End to End
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4. Pr obl em St at enent

Thi s specification addresses a real issue that has been di scussed at
many operator with extrenely |l arge core networks around the world
related migration to | Pv6 underlay transport which can now be put off
indefinitely. Operators around the world are clanoring for a
solution as well that can help solve issues related to | Pv4 address
depletion at these |large | XP peering points.

Pr obl em St at enent

Dual Stacked Dual Stacked
CE PE
Fommmm- + |1 Pv4 BGP Peer +------- +
| | ber e | PE |
A AR A .

| Pv4 forwarding I
| Pv6 forwarding I

4 forwarding
6 forwarding

22

Figure 1: Problem Statenent - Dual Stack Peering

Dual Stacked / \ Dual Stacked
PE / CE / \ \ PE / CE

Fo-oo b oo+ / \ +o-o - - + +----- +
| | | | 0====VPN Overlay Tunnel ==0| | | | |
| || || \ | | | |
| CE|--|] PE|--\ | Pv6-Only Core |----1] PE |---] CE|
| | | | \ O=========Under | ay :::::::Ol | | | |
R r T \ | S R + S R +
| Pv4 1 Pv6 BCP peer \ IP/ MPLS/ SR domain / | Pv4 and | Pv6 BGP peer
| Pv4 forwarding \ . / | Pv4 forwarding
| Pv6 forwarding \ [\ / I Pv6 forwarding

Figure 2: Problem Statenent - E2E Dual Stack Edge
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5.

| Pv6-Only PE-CE Design ALL SAFI Sol ution
The 1 Pv6-Only Edge design solution applies to ALL | Pv4 Network Layer
Reachability Information (NLRI) and | Pv6 Network Layer Reachability
Information (NLRI) over an | Pv6-Only BGP Peering session.

| Pv6-Only PE Design is applicable to infrastructure networks such as
Core networ ks, DC networks, Access networks as well as any PE-CE
public or private network can now utilize this |IPv6-Only Edge
solution and reap the benefits immediately on | Pv6 address space
savi ng and CAPEX and OPEX savi ngs.

Si x G oupi ngs of AFI/SAFI Use Case Scenario for the IPv6-Only PE
Desi gn ALL SAFI

*  Group-1 PE-CE
* Goup-2 PE-PE Inter-AS

* Goup-3 L1 and L2 VPN

* Goup-4 Milticast

*  Goup-5 Tunnel

*  Group-6 BGP, BGP Fl owspec, BGP M sc Policy

Group-1 Edge Customer |Pv4/IPv6e NLRI PE-CE AFl / SAFI grouping (CP-
DP) - "UNI CAST"

* AFI/SAFI 1/1 IPv4 Unicast 2/1 | Pv6 Unicast

G oup-1 Edge Customer |Pv4/1Pv6 NLRI PE-CE AFl / SAFI grouping (CP-
DP) - "MJLTI CAST"

* AFI/SAFI 1/2 1 Pv4 Multicast 2/2 I Pv6 Milticast
* AFI/ SAFI 1/78 | Pv4 MCAST- TREE SAFI 2/ 78 MCAST- TREE SAFI

Group-2 ASBR-ASBR Inter-AS Custoner |1Pv4/1Pv6 NLRI AFI/SAFI grouping
(CP-DP) - "UNI CAST"

d obal Tabl e
* AFI/SAFI 1/4 4PE

L3 VPN
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* AFI/ SAFI 1/128 I Pv4 VPN 2/128 | Pv6 VPN
* AFI/SAFI 1/132 | Pv4 RTC 2/132 | Pv6 RTC

* AFI/SAFI 1/140 |1 Pv4 VPN Auto Discovery 2/140 | Pv6 VPN Auto
Di scovery

Group-2 ASBR-ASBR Inter-AS Customer |Pv4/1Pv6 NLRI AFI/ SAFI grouping
(CP-DP) - "MJLTI CAST"

d obal Table

* AFI/SAFI 1/2 I Pv4 Milticast 2/2 1 Pv6 Milticast

L3 VPN

* AFI/SAFI 1/5 | Pv4 MCAST-VPN 2/5 | Pv6 MCAST- VPN

* AFI/SAFI 1/66 | Pv4 BGP MDT SAFI 2/66 | Pv6 BGP MDT SAFI

*  AFlI/SAFI 1/78 |1 Pv4d MCAST- TREE SAFI 2/78 MCAST- TREE SAFI

Group-3 - L1 and L2 VPN

* L2 VPN related NLRI control plane in BGP

* AFI/SAFI 1/6 IPv4 Multi Segnent PW2/6 | Pv6 Milti Segnent PW

* AFI/SAFI 1/69 L1 VPN Auto Discovery 2/69 L1 VPN Auto Di scovery
G oup-4 - Tunnel

*  AFl/ SAFI 1/ 64 Tunnel - SAFI 2/ 64 Tunnel - SAFI

*  AFI/SAFl 1/67 BGP 4over6 Tunnel SAFI 2/67 BGP 4over6 Tunnel SAFI
*  AFI/ SAFI 1/68 BGP 6over4 Tunnel SAFI 2/68 BGP 6over4 Tunnel SAFI
G oup-5 - BGP, BGP Fl owspec, BGP M sc Policy

* AFI/SAFI 1/73 SR-TE Policy SAFI 2/73 SR-TE Policy SAFI

* AFI/ SAFI 1/ 74 SD-WAN Capabilities 2/ 74 SD-WAN Capabilities

* AFlI/SAFI 1/77 Tunnel ed Traffic Fl owspec 2/ 77 Tunnel ed Traffic
Fl owspec
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6.

* AFI/ SAFI 1/ 133 Di ssem nation of Flowspec Rules 2/133 133
D ssem nati on of Fl owspec Rul es

* AFlI/SAFI 1/134 L3 VPN 133 Di ssem nation of Flowspec Rules 2/134
L3VPN Di ssem nati on of Fl owspec Rul es

* AFI/ SAFI 1/85 BGP MJP SAFI 2/85 BGP MJP SAFI

Sol ution applicable to all AFI/SAFI
AFI/ SAFI 1/ X 2/ X Where X = ALL SAFI

Fommma - + Fommma - +
| AS1 | |Pv6 Only | As2 |
PEL |---------------- | PE2 |
| (ASBR)| |Pv6 BGP Peer | (ASBR) |
S D + S DT +
| Pv4 forwarding | Pv4 forwarding
| Pv6 forwarding | Pv6 forwarding

Figure 3: IPv6-Only PE Design Solution Applicability to ALL AFI/ SAFI
| Pv4-Only PE-CE Design ALL SAFI Sol ution
The 1 Pv4-Only Edge design solution applies to ALL | Pv4 Network Layer
Reachability Information (NLRI) and | Pv6 Network Layer Reachability
Information (NLRI) over an | Pv4-Only BGP Peering session.
| Pv4-Only PE Design is applicable to infrastructure networks such as
Core networks, DC networks, Access networks as well as any PE-CE
public or private network can now utilize this | Pv4-Only Edge
solution and reap the benefits imeditately of CAPEX and OPEX
savi ngs.

Si x Groupi ngs of AFI/SAFI Use Case Scenario for the IPv6-Only PE
Desi gn ALL SAFI

*  Group-1 PE-CE
* Goup-2 PE-PE Inter-AS
* Group-3 L1 and L2 VPN
* Goup-4 Milticast

*  @Goup-5 Tunnel
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*  Group-6 BGP, BGP Fl owspec, BGP M sc Policy

G oup-1 Edge Customer |Pv4/1Pv6 NLRI PE-CE AFl / SAFI grouping (CP-
DP) - "UN CAST"

* AFI/SAFI 1/1 1 Pv4 Unicast 2/1 | Pv6 Unicast

Group-1 Edge Customer |Pv4/1Pv6e NLRI PE-CE AFl / SAFI grouping (CP-
DP) - "MULTI CAST"

*  AFI/SAFI 1/2 I1Pv4 Multicast 2/2 IPv6 Milticast
* AFI/SAFI 1/78 | Pv4 MCAST- TREE SAFI 2/ 78 MCAST- TREE SAFI

G oup-2 ASBR-ASBR Inter-AS Custoner |1Pv4/1Pv6 NLRI AFI/ SAFI grouping
(CP-DP) - "UNI CAST"

d obal Table

* AFI/ SAFI 1/4 4PE

L3 VPN

*  AFI/SAFI 1/128 |1 Pv4 VPN 2/128 |1 Pv6 VPN
* AFI/ SAFl 1/132 I Pv4 RTC 2/ 132 | Pv6 RTC

* AFI/SAFI 1/140 I Pv4 VPN Auto Discovery 2/140 | Pv6 VPN Auto
Di scovery

G oup-2 ASBR- ASBR I nter-AS Customer |Pv4/1Pv6 NLRI AFI/SAFI grouping
(CP-DP) - "MJLTI CAST"

d obal Table

* AFI/SAFI 1/2 IPv4 Miulticast 2/2 I Pv6 Milticast

L3 VPN

* AFlI/SAFI 1/129 | Pv4 MVPN 2/129 | Pv6 MVPN

*  AFI/SAFI 1/5 | Pv4 MCAST-VPN 2/5 | Pv6 MCAST- VPN

* AFI/ SAFI 1/66 |1 Pv4 BGP MDT SAFI 2/66 | Pv6 BGP MDT SAFI
* AFI/SAFI 1/78 | Pv4 MCAST- TREE SAFI 2/ 78 MCAST- TREE SAFI

Goup-3 - L1 and L2 VPN
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* L2 VPN related NLRI control plane in BGP

* AFI/SAFI 1/6 IPv4 Multi Segnent PW2/6 | Pv6 Milti Segnent PW

* AFI/SAFI 1/69 L1 VPN Auto Discovery 2/69 L1 VPN Auto Di scovery
G oup-4 - Multicast

*  AFlI/SAFI 1/8 | Pv4 MCAST-VPLS 2/8 | Pv6 MCAST- VPLS

Group-5 - Tunnel

* AFlI/ SAFI 1/ 64 Tunnel - SAFI 2/ 64 Tunnel - SAFI

* AFlI/ SAFI 1/67 BGP 4over6 Tunnel SAFI 2/67 BGP 4over6 Tunnel SAFI
*  AFI/ SAFI 1/68 BGP 6over4 Tunnel SAFI 2/68 BGP 6over4 Tunnel SAFI
G oup-6 - BGP, BGP Fl owspec, BGP M sc Policy

* AFI/SAFI 1/73 SR-TE Policy SAFI 2/ 73 SR-TE Policy SAFI

*  AFI/SAFI 1/74 SD-WAN Capabilities 2/74 SD-WAN Capabilities

* AFI/ SAFlI 1/ 77 Tunneled Traffic Fl owspec 2/ 77 Tunneled Traffic
Fl owspec

* AFI/SAFI 1/133 Dissemi nation of Flowspec Rules 2/133 133
D ssem nation of Fl owspec Rul es

* AFI/SAFI 1/134 L3 VPN 133 Di ssem nation of Flowspec Rules 2/134
L3VPN Di ssem nati on of Fl owspec Rul es

* AFI/SAFl 1/79 BGP-DPS Arista 2/79 BGP-DPS Arista
* AFI/SAFI 1/83 BGP CAR 2/83 BGP CAR
* AFI/ SAFI 1/84 BGP VPN CAR 2/84 BGP VPN CAR

* AFI/SAFI 1/85 BGP MJP SAFI 2/85 BGP MJP SAFI
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Sol ution applicable to all AFI/SAFI
AFI/ SAFI 1/ X 2/ X \Where X = ALL SAFI

E + E +
| AS1 | |Pv6 Only |  AS2 |
| PE1l |---------------- | PE2 |
| (ASBR)| |Pv6 BGP Peer | (ASBR) |
B S, + B S, +
| Pv4 forwarding | Pv4 forwarding
| Pv6 forwarding | Pv6 forwarding

Figure 4: 1 Pv4-Only PE Design Solution Applicability to ALL AFI/ SAFI

| Pv4-Only / \ | Pv4-Only
PE / CE / \_/ \ PE / CE
Fo-oo b oo+ / \ +o-o - - + +----- +

I | | | 0====VPN Overlay Tunnel ==0|

s
| CE|--] PE|--\ | Pv4-Onl'y Core |----] PE |---] CE|
I I I I I

| | | \ O=========Under | ay ===== ==0

R r T \ | S R + S R +
| Pv6 BGP peer \IP/ MPLS / SR domain / | Pv6 BGP peer

| Pv4 forwarding \ . / | Pv4 forwarding
| Pv6 forwarding \ [\ / I Pv6 forwarding

Figure 5: E2E VPN Sol uti onv4
7. |1Pv6-Only Edge Peering Design ALL SAFI
7.1. |1Pv6-Only Edge Peering Packet WVl k ALL SAFI

The 1 Pv6-Only Edge Peering design utilizes two key E2E Softw re Mesh
Framewor k scenario’s, 4to6 softwire and 6to4 softwire. The Softwire
mesh framework concept is based on the overlay and underlay MPLS or
SR based technol ogy framework, where the underlay is the transport

| ayer and the overlay is a Virtual Private Network (VPN) |ayer, and
is the the tunneled virtualization |layer containing the customer

payl oad. The concept of a 6to4 Softwire is based on transm ssion of
| Pv6 packets at the edge of the network by tunneling the | Pv6 packets
over an |Pv4-Only Core. The concept of a 4to6 Softwire is al so based
on transm ssion of |Pv4 packets at the edge of the network by
tunneling the I Pv4 packets over an | Pv6-Only Core.
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Thi s docunent describes End to End (E2E) test scenarios that follow a
packet flow fromIPv6-Only attachnent circuit fromingress PE-CE to
egress PE-CE tracing the routing protocol control plane and data

pl ane forwardi ng of | Pv4 packets in a 4to6 softwire or 6tod4 softwire
within the IPv4-Only or IPv6-Only Core network. | n both secneario we
are focusing on | Pv4 packets and the control plane and data pl ane
forwardi ng aspects of |1Pv4 packets fromthe PE-CE Edge network over
an | Pv6-Only P (Provider) core network or IPv4-Only P (Provider) core
network. Wth this I Pv6-Only Edge peering design, the Softwire Mesh
Framework i s not extended beyond the Provider Edge (PE) and conti nues
to termnate on the PE router.

7.2. 1Pv6-Only PE Design ALL SAFlI over |Pv4-Only Core Packet Wl k

6t 04 softwire where | Pv6- Edge eBGP | Pv6 peering where | Pv4 packets at
network Edge traverse a | Pv4d-Only Core

In the scenario where | Pv4 packets originating froma PE-CE edge are
tunnel ed over an MPLS or Segnent Routing |Pv4 underlay core network,
the PE and CE only have an | Pv6 address configured on the interface.
In this scenario the |1 Pv4 packets that ingress the CE fromwthin the
CE AS are over an IPv6-Only interface and are forwarded to an | Pv4
NLRI destination prefix | earned fromthe Pure Transport Single |Pv6
BGP Peer. 1In the IPv6-Only Edge peering architecture the PE is

| Pv6-Only as all PE-CE interfaces are | Pv6-Only. However, on the CE
the PE-CE interface is the only interface that is IPv6-Only and all
other interfaces may or may not be IPv6-Only. Follow ng the data

pl ane packet flow, |Pv4 packets are forwarded fromthe ingress CE to
the I Pv6-Only ingress PE where the VPN | abel inposition push per
prefix, per-vrf, per-CE occurs and the | abel ed packet is forwarded
over a 6to4 softwire IPv4-Only core, to the egress PE where the VPN
| abel disposition pop occurs and the native |Pv4 packet is forwarded
to the egress CE. In the reverse direction |IPv4 packets are
forwarded fromthe egress CE to egress PE where the VPN | abel

i nposition per prefix, per-vrf, per-CE push occurs and the | abel ed
packet is forwarded back over the 6to4 softwire |Pv4-Only core, to
the ingress PE where the VPN | abel disposition pop occurs and the
native | Pv4 packet is forwarded to the ingress CE. . The
functionality of the IPv4 forwarding plane in this scenario is
identical froma data plane forwardi ng perspective to Dual Stack |Pv4
forwardi ng scenari o.
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| 1Pvd | | 1Pvd |
| dient | | dient |
| NetworKk]| | NetworKk]|

| AFBR | | AFBR |
+--| IPV4/6 |---| IPv4/6 |--+

Figure 6: I Pv6-Only PE Design ALL SAFI 6to4 Softwire - |Pv6 Edge
over an |Pv4-Only Core

7.3. |1Pv6-Only PE Design ALL SAFI over |[Pv6-Only Core Packet Walk

4t 06 softwire where | Pv6- Edge eBGP | Pv6 peering where | Pv4 packets at
network Edge traverse a | Pv6-Only Core

M shra, et al. Expires 23 April 2026 [ Page 17]



Internet-Draft |1Pv4-Only and | Pv6-Only PE Desi gn DESI GN Cct ober 2025

In the scenario where | Pv4 packets originating froma PE-CE edge are
tunnel ed over an MPLS or Segment Routing |Pv4 underlay core network,
the PE and CE only have an | Pv6 address configured on the interface.
In this scenario the 1 Pv4 packets that ingress the CE fromwithin the
CE AS are over an IPv6-Only interface and are forwarded to an | Pv4
NLRI destination prefix | earned fromthe Pure Transport Single |Pv6
BGP Peer. 1In the IPv6-Only Edge peering architecture the PE is
IPv6-Only as all PE-CE interfaces are |Pv6-Only. However, on the CE
the PE-CE interface is the only interface that is IPv6-Only and all
other interfaces may or may not be IPv6-Only. Followi ng the data

pl ane packet flow, |Pv4 packets are forwarded fromthe ingress CE to
the I Pv6-Only ingress PE where the VPN | abel inposition push per
prefix, per-vrf, per-CE occurs and the | abel ed packet is forwarded
over a 4to6 softwire IPv6-Only core, to the egress PE where the VPN
| abel disposition pop occurs and the native |IPv4 packet is forwarded
to the egress CE. In the reverse direction |Pv4 packets are
forwarded fromthe egress CE to egress PE where the VPN | abel

i mposition per prefix, per-vrf, per-CE push occurs and the | abel ed
packet is forwarded back over the 4to06 softwire |Pv6-Only core, to
the ingress PE where the VPN | abel disposition pop occurs and the
native | Pv4 packet is forwarded to the ingress CE. . The
functionality of the IPv4 forwarding plane in this scenario is
identical froma data plane forwardi ng perspective to Dual Stack |Pv4
forwardi ng scenari o.
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8. | Pv4-Only Edge Peering Design
8.1. [IPv4-Only Edge Peering Packet Wl k ALL SAFI

The 1 Pv4-Only Edge Peering design utilizes two key E2E Softwi re Mesh
Framework scenario’s, 4to6 softwire and 6to4 softwire. The Softwire
mesh framework concept is based on the overlay and underlay MPLS or
SR based technol ogy framework, where the underlay is the transport

| ayer and the overlay is a Virtual Private Network (VPN) |ayer, and
is the the tunneled virtualization |ayer containing the custoner

payl oad. The concept of a 6to4 Softwire is based on transm ssion of

| Pv6 packets at the edge of the network by tunneling the | Pv6 packets
over an |Pv4-Only Core. The concept of a 4to06 Softwire is also based
on transm ssion of |Pv4 packets at the edge of the network by
tunneling the I Pv4 packets over an |IPv6-Only Core.

Thi s docunent describes End to End (E2E) test scenarios that follow a
packet flow fromIPv4-Only attachnent circuit fromingress PE-CE to
egress PE-CE tracing the routing protocol control plane and data

pl ane forwardi ng of | Pv4 packets in a 4to6 softwire or 6tod4 softwire
within the IPv4-Only or IPv6-Only Core network. |In both secneario we
are focusing on | Pv4d packets and the control plane and data pl ane
forwardi ng aspects of |Pv4 packets fromthe PE-CE Edge network over
an | Pv4-Only P (Provider) core network or IPv6-Only P (Provider) core
network. Wth this | Pv4-Only Edge peering design, the Softwire Mesh
Framework i s not extended beyond the Provider Edge (PE) and conti nues
to term nate on the PE router.

8.2. |IPv4-Only PE Design ALL SAFI over |Pv4-Only Core Packet Walk

6t 04 softwire where | Pv4- Edge eBGP | Pv4 peering where | Pv6 packets at
networ k Edge traverse a | Pv4d-Only Core

In the scenario where | Pv6 packets originating froma PE-CE edge are
tunnel ed over an MPLS or Segnent Routing |Pv4 underlay core network,
the PE and CE only have an | Pv6 address configured on the interface.
In this scenario the |1 Pv6 packets that ingress the CE fromwithin the
CE AS are over an IPv4-Only interface and are forwarded to an | Pv6
NLRI destination prefix | earned fromthe Pure Transport Single |Pv4
BGP Peer. 1In the IPv4-Only Edge peering architecture the PE is
IPv4-Only as all PE-CE interfaces are |Pv4-Only. However, on the CE
the PE-CE interface is the only interface that is IPv4-Only and all
other interfaces may or may not be IPv4-Only. Follow ng the data

pl ane packet flow, |Pv4 packets are forwarded fromthe ingress CE to
the 1 Pv4-Only ingress PE where the VPN | abel inposition push per
prefix, per-vrf, per-CE occurs and the | abel ed packet is forwarded
over a 6to4 softwire IPv4-Only core, to the egress PE where the VPN
| abel disposition pop occurs and the native |IPv4 packet is forwarded
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to the egress CE. In the reverse direction |Pv4d packets are
forwarded fromthe egress CE to egress PE where the VPN | abel

i mposition per prefix, per-vrf, per-CE push occurs and the | abel ed
packet is forwarded back over the 6to4 softwire IPv4-Only core, to
the ingress PE where the VPN | abel disposition pop occurs and the
native | Pv4 packet is forwarded to the ingress CE. . The
functionality of the IPv4 forwarding plane in this scenario is

identical froma data plane forwardi ng perspective to Dual Stack |Pv4
forwardi ng scenari o.
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| 1Pvd | | 1Pvd |
| dient | | dient |
| NetworKk]| | NetworKk]|

| AFBR | | AFBR |
+--| IPV4/6 |---| IPv4/6 |--+

Figure 8. 6to4 Softwire - | Pv6 Edge over an | Pv4-Only Core Packet
wal k

8.3. [IPv4-Only PE Design ALL SAFI over |Pv6-Only Core Packet Walk

4t 06 softwire where | Pv4-Edge eBGP | Pv4 peering where | Pv6 packets at
network Edge traverse a | Pv6-Only Core
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In the scenario where | Pv6 packets originating froma PE-CE edge are
tunnel ed over an MPLS or Segment Routing |Pv4 underlay core network,
the PE and CE only have an | Pv4 address configured on the interface.
In this scenario the 1 Pv6 packets that ingress the CE fromwthin the
CE AS are over an IPv4-Only interface and are forwarded to an | Pv6
NLRI destination prefix | earned fromthe Pure Transport Single |Pv4d
BGP Peer. 1In the IPv4-Only Edge peering architecture the PE is
IPv4-Only as all PE-CE interfaces are |Pv4-Only. However, on the CE
the PE-CE interface is the only interface that is IPv4-Only and all
other interfaces may or may not be IPv4-Only. Followi ng the data

pl ane packet flow, |Pv6 packets are forwarded fromthe ingress CE to
the I Pv4-Only ingress PE where the VPN | abel inposition push per
prefix, per-vrf, per-CE occurs and the | abel ed packet is forwarded
over a 4to6 softwire IPv6-Only core, to the egress PE where the VPN
| abel disposition pop occurs and the native |IPv6 packet is forwarded
to the egress CE. In the reverse direction |Pv6 packets are
forwarded fromthe egress CE to egress PE where the VPN | abel

i mposition per prefix, per-vrf, per-CE push occurs and the | abel ed
packet is forwarded back over the 4to06 softwire |Pv6-Only core, to
the ingress PE where the VPN | abel disposition pop occurs and the
native | Pv6 packet is forwarded to the ingress CE. . The
functionality of the IPv4 forwarding plane in this scenario is
identical froma data plane forwardi ng perspective to Dual Stack |Pv4
/ 1 Pv6 forwarding scenario.
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9. 1Pv4 Next Hop Encoding

* RFC 4798 (6PE) section 2 defines how the next hop should be
encoded for I Pv6 NLRI over an |IPv4 next hop using | Pv4 mapped | Pv6
address ::FFFF:192.168.1.1

* RFC 4659 BGP MPLS VPNs section 3.2.1.2 defines VPN SAFI next hop
encodi ng of | Pv4 mapped | Pv6 address ::FFFF:192.168.1.1

* RFC 5549 and now updated by RFC 8950 defines the |IPv6 next hop
encoding to carry I Pv4d NLRI over an |IPv6 next hop. The |IPv6 next
hop encodi ng defined is not an | Pv6 nmapped | Pv4 address. The |Pv6
next hop encoding is 16/32 byte for Unicast SAFI 1, Milticast SAFI
2 and BGP-LU SAFI 4, and 24/ 48 byte for VPN SAFI 128, M/PN SAFI
129. The | ANA BGP Capability codepoint defined with RFC 5549 is
value 5 for Extended Next hop encodi ng.

* The industry inplenentation uses a mx of |IPv4 mapped | Pv6 address
for 1Pv6 NLRI carried over an | Pv4 address next hop and uses 4
byte field for |1 Pv4 next hop address for Unicast SAFI 1, Milticast
SAFI 2 and BGP-LU SAFI 4, and 12 byte next hop field, 4 byte |IPv4
address plus 8 byte RD (Route Distinguisher) set to 0 for VPN SAFI
128, MVPN SAFI 129

* This draft standardi zes the encoding to use an | Pv4 address next
hop and uses 4 byte field for | Pv4d next hop address for Unicast
SAFI 1, Multicast SAFI2 and BGP-LU SAFI 4, and 12 byte next hop
field, 4 byte IPv4 address plus 8 byte RD (Route Distinguisher)
set to 0 for VPN SAFl 128, MVPN SAFI 129

* This draft standardi zes that encoding to ensure interoperability
with | ANA BGP Capability codepoint allocation thus providing
parity between the RFC 5549/ RFC 8950 | Pv6 next hop encodi ng where
the next hop address follows the underlay core protocol which is
an | Pv6 core and how the next hop here being an | Pv6 address and
not followi ng the NLRI protocol with | Pv6 nmapped | Pv4 address.
Now with this draft the next hop encoding foll ows the underlay
core which is an 1 Pv4 core and so now t he next hop being an | Pv4
address and not following the NLRI with an | Pv4 mapped | Pv6
address. So this parity between |IPv4 next encoding and | Pv6 next
hop encodi ng savi ngs in OPEX and operations troubl eshooting as
well as interoperability that all vendor inplenentati ons now use
the sane | Pv4 next hop encoding is the reason the encodi ng nust be
st andar di zed.

* This I Pv4 next hop encoding is applicable for 1Pv6 NLRI for both

i BGP control plane (CP) peering as well as eBGP PE-CE, PE-PE in-
line control / data plane (CP-DP) peering which is used for
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10.

| Pv4-Only PE design as well as any |Pv4 peering. The |Pv4 Next
hop encodi ng updates both RFC 4271 next hop path attribute and RFC
MP- BGP RFC 4760 NLRI path attribute.

* Sonme of the mmjor vendors across platforns even support a variety
of different encodings as well in sonme cases on the sane platform
the control plane BGP encodi ng and hardware progranmming i s even
di ffernet and does not match up.

* For interoperability if a vendor does not support the new next hop
encoding, it would continue to use the | Pv4 nmapped | Pv6 address
format until the P2P send / receive nei ghbors MP-BGP MP_REACH BGP
capability exchange is for the new | Pv4 Next hop encoding
codepoi nt .

I Pv6-Only PE Design / 1 Pv6-Only PE Design Test Results
Li sted below are the following | Pv6-Only PE Design, design scenario’s
that have been tested with test results related to the two of the
Most Common SAFls used today |isted bel ow
*  <AFI/ SAFI >,
* | Pv4 Unicast <1/1>, |Pv6 Unicast <2/1>,
*  VPN-| PV4 <1/128>, VPN-1PV6 <2/ 128>,
| Pv6-Only PE Design Proof of conept interoperability testing of the 2
nmost conmmon SAFI with 12 of the npst common design use cases between

the 4 vendors Cisco, Juniper, Nokia and Huawei .

Ci sco, Juniper, Nokia, Huawei, platform code revision and test
results for all use cases

Cisco: Edge Router- XR ASR 9910 IS XR 7.4.1, Core Router- NCS 6000
7.2.2, CRS-X 6.7.4, XRd (XR Docker)

Cisco: Al testing conpleted tests 1-12 on XRd 7.10.11 d obal table
and VRF and | Pv4 MPLS core and | Pv6 SRv6 core

Juni per: Edge Router- MX platform MX480, MX960, Core Router- PTX
Pl at f orm PTX5000, PTCL0K8 (JUNOS and EVO) Rel ease 20.4R2

Al Testing 1-4 conpleted for Unicast SAFl 1/1 | Pv4-Unicast, 2/1
| Pv6- Uni cast

Al'l Testing 5-12 conpleted for IP VPN SAFI 1/128 | Pv4-VPN, 2/128
| Pv6- VPN
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Tested v4 edge over v6 core in a virtual setup using vMX platforrm
and 20.4R2 and LDPv6 as underlay, but there were sone data pl ane
forwardi ng i ssues. Tested sane setup on latest release 21.4 and it
wor ked. Investigating what the minimumversion is for this setup to
wor K.

Tested on above Juniper platforms. Conpleted |IPv6-Only PE design
functionality test with PE-CE | Pv6 peer carrying | Pv4d and | Pv6
prefixes control plane validation and data plane forwardi ng pl ane
validation and verified end to end reachability CE to CE forwarding
pl ane with Default Per-CE | abel allocation node. Tested with

| Pv4-Only Core and | Pv6-Only Core and proved that the | Pv6-Only PE
design solution works. Both |IPv4 and | Pv6 packets were forwarded

i dentical functionality of Dual Stack w thout having | Pv4 address
confi gur ed.

Noki a: Edge and Core-7750 Service Router, Release R21

Al Testing 1-4 conmpleted for Unicast SAFlI 1/1 |Pv4-Unicast, 2/1
| Pv6- Uni cast

Al'l Testing 5-12 conpleted for IP VPN SAFI 1/128 | Pv4-VPN, 2/128
| Pv6- VPN

Huawei : Edge and Core-VRPv8, Rel ease VRP-V800R020C10

Not Conpl et ed

Juni per Mx960 24.2R1-S1.10 and Nokia I XR-X3 25.7. Rl interoperability
testing conpleted over | Pv4 MPLS core and | Pv6 SRv6 Core, tests 1-12
compl et ed successfully. No issues.

I Pv4 Only PE Design, I1Pv6-Only PE Design Test Cases 1-12

Intra-AS tests PE-CE Edge Peering I Pv4-Only Core, |1Pv6-Only Core,
A obal Table (CGRT) and I P VPN

Test Cases 1-4

* | Pv4 Core:
- AFI/SAFI | Pv4-Unicast SAFlI 1/1 |Pv6-Uni cast SAFl 2/1

- Test-1 dobal table (6PE)
- Test-2 I P VPN

* |1 Pv6 Core:
- AFI/ SAFI | Pv4-Unicast 1/1 SAFlI | Pv6-Uni cast SAFI 2/1
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- Test-3 dobal table (4PE)

- Test-4 | P VPN

GN Cct ober 2025

Inter-AS Options tests IPv4-Only Core, |Pv6-Only Core, d obal

Table (GRT) and | P VPN
Test Cases 5-12

* | Pv4 Core:
- AFI/SAFI | Pv4-VPN SAFI 1/128 | Pv6- VPN SAFI

- Test-5 dobal table 6PE Option-B
- Test-6 G obal table 6PE Option-C
- Test-7 IP VPN Inter AS Option-B
- Test-8 IP VPN Inter AS Option-C

* | Pvbe Core:

2/ 128

- AFI/SAFI | Pv4-Uni cast SAFI | Pv6- Uni cast SAFI

- Test-9 dobal table Option-B
- Test-10 dobal table Option-C
- Test-11 IP VPN Inter AS Option-B
- Test-12 IP VPN Inter AS Option-C
| Pv6-Only PE Design Testing Details
Li sted below are the followi ng | Pv6-Only PE Design,
that have been tested with test results related to

Conmon SAFI s used today |listed bel ow

<AF| / SAFI > | Pv4 Uni cast <1/1>, |Pv6 Unicast <2/1>,

design scenario’'s
the 3 of the Mst

VPN- |1 PV4 <1/ 128>,

VPN- I PV6 <2/128>, Multicasat VPN <1/129>, Milticasat VPN <2/129>, BGP-

LU I PV4 (GRT) <1/4>

1. Test-1 IPv6-Only PE Design Al SAFI E2E | Pv6-Only PE-CE, G obal

Tabl e over |1 Pv4-Only Core(6PE)
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11.

| Pv6-Oly / \ | Pv6- Only
PE /| CE / \ \ PE /| CE

R e C / \ +o-m - - + +----- +
I || || | _ I | I
I || || \ I [ I
| CE|--] PE|--\ | Pv4-Only Core |----1 PE |---] CE|
| | | | \ O=========Under | ay :::::::Ol | | | |
-+ oo+ \ _ [ S, + +- - - - - +
| Pv6 BCGP peer \ MPLS / SR donmin / | Pv6 BCGP peer
| Pv4 forwarding \_ _ / | Pv4 forwarding
| Pv6 forwarding \ [\ / | Pv6 forwarding

Figure 10: Test-1 E2E | Pv6-Only PE-CE, d obal Tabl e over
| Pv4-Only Core (6PE)

2. Test-2 I Pv6-Only PE Design Al SAFI E2E | Pv6-Only PE-CE, VPN over
| Pv4-Only Core

| Pv6-Only / \ | Pv6-Only
PE / CE / \ \ PE / CE

-+ oo+ / \ [ S, + +- - - - - +
| | | | 0====VPN Overlay Tunnel ==0| | | | |
I || || \ I | I
| CE|--|] PE|--\ | Pv4-Only Core |----] PE |---] CE|
| | | | \ O=========Under| ay :::::::Ol | | | |
B I o \ ! F-- - - - + +----- +
| Pv6 BGP peer \ MPLS / SR dormai n / | Pv6 BGP peer
| Pv4 forwarding \_ L / | Pv4 forwarding
| Pv6 forwarding \ [\ / | Pv6 forwarding

Figure 11: Test-2 E2E | Pv6-Only PE-CE, VPN over |Pv4-Only Core

3. Test-3 IPv6-Only PE Design Al SAFI E2E | Pv6-Only PE-CE, d obal
Tabl e over 1Pv6-Only Core (4PE)
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11.

11.

| Pv6-Oly / \ | Pv6- Only
PE /| CE / \ \ PE /| CE

R e C / \ +o-m - - + +----- +
I || || | _ I | I
I || || \ I [ I
| CE|--] PE|--\ | Pv6-Only Core |----1 PE |---] CE|
| | | | \ O=========Under | ay :::::::Ol | | | |
-+ oo+ \ _ [ S, + +- - - - - +
| Pv6 BCGP peer \ MPLS / SR donmin / | Pv6 BCGP peer
| Pv4 forwarding \_ _ / | Pv4 forwarding
| Pv6 forwarding \ [\ / | Pv6 forwarding

Figure 12: Test-3 E2E | Pv6-Only PE-CE, d obal Tabl e over
| Pv6-Only Core (4PE)

4. Test-4 IPv6-Only PE Design Al SAFl E2E | Pv6-Only PE-CE, VPN over
| Pv6-Only Core

| Pv6-Only / \ | Pv6-Only
PE / CE / \ \ PE / CE

-+ oo+ / \ [ S, + +- - - - - +
| | | | 0====VPN Overlay Tunnel ==0| | | | |
I || || \ I | I
| CE|--] PE|--\ | Pv6-Only Core |----1 PE |---] CE|
| | | | \ O=========Under| ay :::::::Ol | | | |
B I o \ ! F-- - - - + +----- +
| Pv6 BGP peer \ MPLS / SR domain / | Pv6 BGP peer
| Pv4 forwarding \_ L / | Pv4 forwarding
| Pv6 forwarding \ [\ / | Pv6 forwarding

Figure 13: Test-4 E2E | Pv6-Only PE-CE, VPN over |Pv6-Only Core

5. Test-5 IPv6-Only PE Design Al SAFI E2E | Pv6-Only PE-CE, d obal
Tabl e over I Pv4-Only Core(6PE) - Inter-AS Option-B
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11.

11.

6.

7.

Inter-AS ASBR-ASBR link is I Pv6-Only PE

| Pv6-nly | Pv6- Only
PE /| CE / \ / \ PE /| CE

R i S / \ / \ +--+ +--+

(I || AS 1 \ I AS 2 LS O B

(I || \ 1 Pv6| L R O

| CE|-| PE|--|] IPv4-Only Core|----|1Pv4-Only Core|--| PE|-| CE|

| ] | | ] O0=Underl ay==0 | | O==Underlay==0| | | | |

T S \ / \ / +--+ +--+

| Pv6 BGP peer \ MPLS/SR / \ MPLS/SR / | Pv6 BGP peer

I Pv4 forwarding \ / \_ / | Pv4 forwarding

| Pv6 forwarding | Pv6 forwarding

Figure 14: Test-5 E2E | Pv6-Only PE-CE, d obal Tabl e over
| Pv4-Only Core (6PE) - Inter-AS Option-B

Test-6 1 Pv6-Only PE Design Al SAFl E2E | Pv6-Only PE-CE, d obal
Tabl e over I Pv4-Only Core(6PE) - Inter-AS Option-C

Inter-AS ASBR-ASBR link is IPv6-Only PE

| Pv6-only | Pv6-Only
PE / CE / \ / \ PE / CE

T S / \ / \ +--+ +--+

[ (. AS 1 \ I AS 2 LR N I

(I || \ 1 Pv6| L N O

|CE|-] PE|--] IPv4-Only Core|----|1Pv4-Only Core|--| PE|-]| CE|

| ] | | ] O0=Underlay==0 | | O==Underlay==0] | | | |

+--+ F----+ \ / \ / +--+ +--+

| Pv6 BGP peer \ MPLS/SR / \ MPLS/SR / | Pv6 BGP peer

I Pv4 forwarding \ / \ / | Pv4 forwarding

| Pv6 forwarding | Pv6 forwarding

Figure 15: Test-6 E2E | Pv6-Only PE-CE, d obal Tabl e over
| Pv4-Only Core (6PE) - Inter-AS Option-C

Test-7 I Pv6-Only PE Design Al SAFI E2E | Pv6-Only PE-CE, VPN over
I Pv4-Only - Inter-AS Option-B
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11.

11.

8.

9.

Inter-AS ASBR-ASBR link is I Pv6-Only PE

| Pv6-nly | Pv6- Only
PE /| CE / \ / \ PE /| CE

R i S / \ / \ +--+ +--+

(I || AS 1 \ I AS 2 LS O B

(I || \ 1 Pv6| L R O

| CE|-| PE|--|] IPv4-Only Core|----|1Pv4-Only Core|--| PE|-| CE|

(I | |0=Cverlay===0 | | 0==Cverlay===0| | | | |

T S \ / \ / +--+ +--+

| Pv6 BGP peer \ MPLS/SR / \ MPLS/SR / | Pv6 BGP peer

I Pv4 forwarding \ / \_ / | Pv4 forwarding

| Pv6 forwarding | Pv6 forwarding

Figure 16: Test-7 E2E | Pv6-Only PE-CE, VPN over |Pv4-Only Core -
Inter-AS Option-B

Test-8 I Pv6-Only PE Design Al SAFl E2E | Pv6-Only PE-CE, VPN over
I Pv4-Only Core - Inter-AS Option-C

Inter-AS ASBR-ASBR link is IPv6-Only PE

| Pv6-only | Pv6-Only
PE / CE / \ / \ PE / CE

T S / \ / \ +--+ +--+

[ (. AS 1 \ I AS 2 LR N I

(I || \ 1 Pv6| L N O

|CE|-] PE|--] IPv4-Only Core|----|1Pv4-Only Core|--| PE|-]| CE|

(N | |0=Cverlay===0 | | 0==Cverlay===0] | | | |

+--+ F----+ \ / \ / +--+ +--+

| Pv6 BGP peer \ MPLS/SR / \ MPLS/SR / | Pv6 BGP peer

I Pv4 forwarding \ / \ / | Pv4 forwarding

| Pv6 forwarding | Pv6 forwarding

Figure 17: Test-8 E2E I Pv6-Only PE-CE, VPN over |Pv4-Only Core -
Inter-AS Option-C

Test-9 I Pv6-Only PE Design All SAFlI E2E | Pv6-Only PE-CE, d obal
Tabl e over IPv6-Only Core - Inter-AS Option-B
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Inter-AS ASBR-ASBR link is I Pv6-Only PE

| Pv6-nly | Pv6- Only
PE /| CE / \ / \ PE /| CE

R i S / \ / \ +--+ +--+

(I || AS 1 \ I AS 2 LS O B

(I || \ 1 Pv6| L R O

| CE|-| PE|--|] IPv6-Only Core|----|1Pv6-Only Core|--| PE|-| CE|

| ] | | ] O0=Underl ay==0 | | O==Underlay==0| | | | |

T S \ / \ / +--+ +--+

| Pv6 BGP peer \ MPLS/SR / \ MPLS/SR / | Pv6 BGP peer

I Pv4 forwarding \ / \_ / | Pv4 forwarding

| Pv6 forwarding | Pv6 forwarding

Figure 18: Test-9 E2E | Pv6-Only PE-CE, d obal Tabl e over
| Pv6-Only Core - Inter- AS Option-B

11.10. Test-10 IPv6-Only PE Design All SAFlI E2E | Pv6-Only PE-CE, d obal
Tabl e over IPv6-Only Core - Inter-AS Option-C

Inter-AS ASBR-ASBR link is IPv6-Only PE

| Pv6-only | Pv6-Only
PE / CE / \ / \ PE / CE

T S / \ / \ +--+ +--+

[ (. AS 1 \ I AS 2 LR N I

(I || \ 1 Pv6| L N O

| CE|-| PE|--|] IPv6-Only Core|--- |IPv6-Only Core|--| PE|-| CE|

| ] | | ] O0=Underlay==0 | | O==Underlay==0] | | | |

+--+ F----+ \ / \ / +--+ +--+

| Pv6 BGP peer \ MPLS/SR / \ MPLS/SR / | Pv6 BGP peer

I Pv4 forwarding \ / \ / | Pv4 forwarding

| Pv6 forwarding | Pv6 forwarding

Figure 19: Test-10 E2E | Pv6-Only PE-CE, d obal Table over
| Pv6-Only Core - Inter-AS Option-C

11.11. Test-11 IPv6-Only PE Design All SAFlI E2E | Pv6-Only PE-CE, VPN
over | Pv6-Only Core - Inter-AS Option-B
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Inter-AS ASBR-ASBR link is I Pv6-Only PE

| Pv6-nly | Pv6- Only
PE /| CE / \ / \ PE /| CE
R i S / \ / \ +--+ +--+
(I || AS 1 \ I AS 2 LS O B
(I || \ 1 Pv6| L R O
| CE|-| PE|--|] IPv6-Only Core|--- |IPv6-Only Core|--| PE|-| CE|
(I | |0=Cverlay===0 | | 0==Cverlay===0| | | | |
T S \ / \ / +--+ +--+
| Pv6 BGP peer \ MPLS/SR / \ MPLS/SR / | Pv6 BGP peer
I Pv4 forwarding \ / \_ / | Pv4 forwarding
| Pv6 forwarding | Pv6 forwarding

Figure 20: Test-11 E2E | Pv6-Only PE-CE, VPN over |Pv6-Only Core -
Inter-AS Option-B

11.12. Test-12 IPv6-Only PE Design Al SAFl E2E | Pv6-Only PE-CE, VPN
over | Pv6-Only Core - Inter-AS Option-C

Inter-AS ASBR-ASBR | ink is I Pv6-Only PE

| Pv6-nly | Pv6-Only
PE / CE / \ / \ PE / CE
+--+ F----+ / \ / \ +--+ +--+
[ || || AS 1 \ | AS 2 LS
||| || \ 1 Pvé| S I O
| CE|-| PE|--|] IPv6-Only Core|--- |IPve-Only Core|--| PE|-| CE|
[ 1 | |0=Overlay===0 | | 0==Overlay===0| | | | |
Fo-+ F-o---+ \ / \ / +--+ +--+
| Pv6 BGP peer \ MPLS/SR / \' MPLS/SR / | Pv6 BGP peer
I Pv4 forwarding \ / v\ / | Pv4 forwarding
| Pv6 forwarding | Pv6 forwarding

Figure 21: Test-12 E2E | Pv6-Only PE-CE, VPN over |IPv6-Only Core -
Inter-AS Option-C

11.13. 1Pv6-Only PE-CE Qperational Considerations Testing
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Ping CE to PE when destination prefix is w thdrawn
Traceroute CE to PE and test all 1CwWv4 and | CMPv6 type codes

| Pv4 forwarding I
| Pv6 forwarding I

4 forwarding
6 forwarding

22

Figure 22: Ping and Trace Test Case | Pv6-Only PE Design

12. 1Pv4-Only PE Design Testing Details
Li sted below are the following | Pv4-Only PE Design, design scenario’s
that have been tested with test results related to the 3 of the Mst
Conmon SAFl s used today listed bel ow
<AFI / SAFI > | Pv4 Unicast <1/1>, |1Pv6 Unicast <2/1>, VPN IPV4 <1/128>,
VPN- | PV6 <2/128>, Multicasat VPN <1/129>, Milticasat VPN <2/129> BGP-
LU IPV4 (GRT) <1/4>

12.1. Test-1 IPv4-Only PE Design Al SAFI E2E | Pv4-Only PE-CE, d obal
Tabl e over | Pv4-Only Core(6PE)

| Pv4-nly / \ | Pv4-Only
PE / CE / \_ \_ PE / CE

B I o / \ F-- - - - + +----- +
I [ [ | _ I I I I
I || || \ I I I I
| CE|--] PE|--\ | Pv4-Only Core |----1 PE |---] CE|
| | | | \ O=========Under| ay :::::::Ol | | | |
Fo-oo b oo+ \ _ +o-o - - + +----- +
| Pv4 BGP peer \ MPLS / SR domain / | Pv4 BGP peer
| Pv4 forwarding \ . / | Pv4 forwarding
| Pv6 forwarding \ [\ / | Pv6 forwarding

Figure 23: Test-1 E2E | Pv4-Only PE-CE, d obal Tabl e over
| Pv4-Only Core (6PE)
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12.

12.

2. Test-2 IPv4-Only PE Design Al SAFl E2E | Pv4-Only PE-CE, VPN over
| Pv4-Only Core

| Pv4-nly / \ | Pv4-Only
PE /| CE / \_ \_ PE /| CE

B I o / \ F-- - - - + +----- +
| | | | O0====VPN Overlay Tunnel ==0| | | | |
I (. || \ I [ I
| CE|--] PE|--\ | Pv4-Only Core |----1 PE |---] CE|
| | | | \ O=========Under| ay :::::::Ol | | | |
Fo-oo b oo+ \ _ +o-o - - + +----- +
| Pv4 BGP peer \ MPLS / SR dormai n / | Pv4 BGP peer
| Pv4 forwarding \ . / | Pv4 forwarding
| Pv6 forwarding \ [\ / | Pv6 forwarding

Figure 24: Test-2 E2E | Pv4-Only PE-CE, VPN over |Pv4-Only Core
Huawei : Edge and Core-VRPv8, Rel ease VRP-V800R020C10

3. Test-3 IPv4-Only PE Design All SAFI E2E | Pv4-Only PE-CE, dd obal
Tabl e over I Pv6-Only Core (4PE)

| Pv4-nly / \ | Pv4-Only
PE / CE / \_ \_ PE / CE

B I o / \ F-- - - - + +----- +
I [ [ | _ I I I I
I || || \ I I I I
| CE|--] PE|--\ | Pv4-Only Core |----1 PE |---] CE|
| | | | \ O=========Under| ay :::::::Ol | | | |
Fo-oo b oo+ \ _ +o-o - - + +----- +
| Pv4 BGP peer \ MPLS / SR domain / | Pv4 BGP peer
| Pv4 forwarding \ . / | Pv4 forwarding
| Pv6 forwarding \ [\ / | Pv6 forwarding

Figure 25: Test-3 E2E | Pv4-Only PE-CE, d obal Tabl e over
| Pv6-Only Core (4PE)
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12.

12.

12.

4. Test-4 IPv4-Only PE Design All SAFlI E2E | Pv4-Only PE-CE, VPN over
| Pv6-Only Core
IPv4-Only /A \ | Pv4-Only
PE /| CE / \_/ \_ PE /| CE
B I o / \ F-- - - - + +----- +
| | | | O0====VPN Overlay Tunnel ==0| | | | |
I (. || \ I [ I
| CE|--] PE|--\ | Pv4-Only Core |----1] PE |---] CE|
| | | | \ O=========Under| ay :::::::Ol | | | |
Fo-oo b oo+ \ _ +o-o - - + +----- +
| Pv4 BGP peer \ MPLS / SR domain / | Pv4 BGP peer
| Pv4 forwarding \ . / | Pv4 forwarding
| Pv6 forwarding \ [\ / | Pv6 forwarding
Figure 26: Test-4 E2E | Pv4-Only PE-CE, VPN over |Pv6-Only Core
5. Test-5 IPv4-Only PE Design Al SAFI E2E | Pv4-Only PE-CE, d obal
Tabl e over I Pv4-Only Core(6PE) - Inter-AS Option-B
Inter-AS ASBR-ASBR link is IPv6-Only PE
| Pvé-only | Pv6-Only
PE /| CE / \ / \ PE /| CE
Fo-+ F-o---+ / \ / \ +--+ +--+
(I | AS 1 \ I AS 2 S T B B
[ || \ 1 Pv6| L O O
|CE|-] PE|--] IPv4-Only Core|----|IPv4-Only Core|--| PE|-]| CE|
|1 ] | | O=Under| ay== | | 0O==Underlay==0] | | | |
Fo-+ oo+ \ / \ / +--+ +--+
| Pv6 BGP peer \ MPLS/SR / \ MPLS/SR / | Pv6 BGP peer
I Pv4 forwarding \ / \- / | Pv4 forwarding
| Pv6 forwarding I Pv6 forwarding
Figure 27: Test-5 E2E | Pv4-Only PE-CE, d obal Tabl e over
| Pv4-Only Core (6PE) - Inter-AS Option-B
6. Test-6 IPv4-Only PE Design Al SAFlI E2E | Pv4-Only PE-CE, dd obal

Tabl e over I Pv4-Only Core(6PE) - Inter-AS Option-C
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12.

12.

7.

8.

Inter-AS ASBR-ASBR link is I Pv6-Only PE

| Pv6-nly | Pv6- Only
PE /| CE / \ / \ PE /| CE

R i S / \ / \ +--+ +--+

(I || AS 1 \ I AS 2 LS O B

(I || \ 1 Pv6| L R O

| CE|-| PE|--|] IPv4-Only Core|----|1Pv4-Only Core|--| PE|-| CE|

| ] | | ] O0=Underl ay==0 | | O==Underlay==0| | | | |

T S \ / \ / +--+ +--+

| Pv6 BGP peer \ MPLS/SR / \ MPLS/SR / | Pv6 BGP peer

I Pv4 forwarding \ / \_ / | Pv4 forwarding

| Pv6 forwarding | Pv6 forwarding

Figure 28: Test-6 E2E | Pv4-Only PE-CE, d obal Tabl e over
| Pv4-Only Core (6PE) - Inter-AS Option-C

Test-7 1 Pv4-Only PE Design Al SAFl E2E | Pv4-Only PE-CE, VPN over
IPv4-Only - Inter-AS Option-B

Inter-AS ASBR-ASBR link is IPv6-Only PE

| Pv6-only | Pv6-Only
PE / CE / \ / \ PE / CE

T S / \ / \ +--+ +--+

[ (. AS 1 \ I AS 2 LR N I

(I || \ 1 Pv6| L N O

|CE|-] PE|--] IPv4-Only Core|----|1Pv4-Only Core|--| PE|-]| CE|

(N | |0=Cverlay===0 | | 0==Cverlay===0] | | | |

+--+ F----+ \ / \ / +--+ +--+

| Pv6 BGP peer \ MPLS/SR / \ MPLS/SR / | Pv6 BGP peer

I Pv4 forwarding \ / \ / | Pv4 forwarding

| Pv6 forwarding | Pv6 forwarding

Figure 29: Test-7 E2E | Pv4-Only PE-CE, VPN over |Pv4-Only Core -
Inter-AS Option-B

Test-8 I Pv4-Only PE Design All SAFI E2E | Pv4-Only PE-CE, VPN over
I Pv4-Only Core - Inter-AS Option-C

M shra, et al. Expires 23 April 2026 [ Page 38]



Internet-Draft |1Pv4-Only and | Pv6-Only PE Desi gn DESI GN Cct ober 2025

12.

9.

Inter-AS ASBR-ASBR link is I Pv6-Only PE

| Pv6-nly | Pv6- Only
PE /| CE / \ / \ PE /| CE

R i S / \ / \ +--+ +--+

(I || AS 1 \ I AS 2 LS O B

(I || \ 1 Pv6| L R O

| CE|-| PE|--|] IPv4-Only Core|----|1Pv4-Only Core|--| PE|-| CE|

(I | |0=Cverlay===0 | | 0==Cverlay===0| | | | |

T S \ / \ / +--+ +--+

| Pv6 BGP peer \ MPLS/SR / \ MPLS/SR / | Pv6 BGP peer

I Pv4 forwarding \ / \_ / | Pv4 forwarding

| Pv6 forwarding | Pv6 forwarding

Figure 30: Test-8 E2E | Pv4-Only PE-CE, VPN over |Pv4-Only Core -
Inter-AS Option-C

Test-9 I Pv4-Only PE Design Al SAFl E2E | Pv4-Only PE-CE, d obal
Tabl e over IPv6-Only Core - Inter-AS Option-B

Inter-AS ASBR-ASBR link is IPv6-Only PE

| Pv6-only | Pv6-Only
PE / CE / \ / \ PE / CE

T S / \ / \ +--+ +--+

[ (. AS 1 \ I AS 2 LR N I

(I || \ 1 Pv6| L N O

|CE|-] PE|--] IPv6-Only Core|----|1Pv6-Only Core|--| PE|-]| CE|

| ] | | ] O0=Underlay==0 | | O==Underlay==0] | | | |

+--+ F----+ \ / \ / +--+ +--+

| Pv6 BGP peer \ MPLS/SR / \ MPLS/SR / | Pv6 BGP peer

I Pv4 forwarding \ / \ / | Pv4 forwarding

| Pv6 forwarding | Pv6 forwarding

Figure 31: Test-9 E2E | Pv4-Only PE-CE, d obal Tabl e over
| Pv6-Only Core - Inter- AS Option-B

12.10. Test-10 IPv4-Only PE Design Al SAFI E2E | Pv4-Only PE-CE, d obal

Tabl e over IPv6-Only Core - Inter-AS Option-C

M shra, et al. Expires 23 April 2026 [ Page 39]



Internet-Draft |1Pv4-Only and | Pv6-Only PE Desi gn DESI GN Cct ober 2025

Inter-AS ASBR-ASBR link is I Pv6-Only PE

| Pv6-nly | Pv6- Only
PE /| CE / \ / \ PE /| CE

R i S / \ / \ +--+ +--+

(I || AS 1 \ I AS 2 LS O B

(I || \ 1 Pv6| L R O

| CE|-| PE|--|] IPv6-Only Core|--- |IPv6-Only Core|--| PE|-| CE|

| ] | | ] O0=Underl ay==0 | | O==Underlay==0| | | | |

T S \ / \ / +--+ +--+

| Pv6 BGP peer \ MPLS/SR / \ MPLS/SR / | Pv6 BGP peer

I Pv4 forwarding \ / \_ / | Pv4 forwarding

| Pv6 forwarding | Pv6 forwarding

Figure 32: Test-10 E2E I Pv4-Only PE-CE, d obal Table over
| Pv6-Only Core - Inter-AS Option-C

12.11. Test-11 IPv4-Only PE Design All SAFlI E2E | Pv4-Only PE-CE, VPN
over | Pv6-Only Core - Inter-AS Option-B

Inter-AS ASBR-ASBR link is IPv6-Only PE

| Pv6-only | Pv6-Only
PE / CE / \ / \ PE / CE

T S / \ / \ +--+ +--+

[ (. AS 1 \ I AS 2 LR N I

(I || \ 1 Pv6| L N O

| CE|-| PE|--|] IPv6-Only Core|--- |IPv6-Only Core|--| PE|-| CE|

(N | |0=Cverlay===0 | | 0==Cverlay===0] | | | |

+--+ F----+ \ / \ / +--+ +--+

| Pv6 BGP peer \ MPLS/SR / \ MPLS/SR / | Pv6 BGP peer

I Pv4 forwarding \ / \ / | Pv4 forwarding

| Pv6 forwarding | Pv6 forwarding

Figure 33: Test-11 E2E | Pv4-Only PE-CE, VPN over |Pv6-Only Core -
Inter-AS Option-B

12.12. Test-12 I Pv4-Only PE Design Al SAFl E2E | Pv4-Only PE-CE, VPN
over |Pv6-Only Core - Inter-AS Option-C
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Inter-AS ASBR-ASBR link is I Pv6-Only PE

| Pv6-nly | Pv6- Only
PE /| CE / \ / \ PE /| CE

R i S / \ / \ +--+ +--+

(I || AS 1 \ I AS 2 LS O B

(I || \ 1 Pv6| L R O

| CE|-| PE|--|] IPv6-Only Core|--- |IPv6-Only Core|--| PE|-| CE|

(I | |0=Cverlay===0 | | 0==Cverlay===0| | | | |

T S \ / \ / +--+ +--+

| Pv6 BGP peer \ MPLS/SR / \ MPLS/SR / | Pv6 BGP peer

I Pv4 forwarding \ / \_ / | Pv4 forwarding

| Pv6 forwarding | Pv6 forwarding

Figure 34: Test-12 E2E | Pv4-Only PE-CE, VPN over |Pv6-Only Core -
Inter-AS Option-C

12.13. 1Pv4-Only PE-CE Qperational Considerations Testing

Ping CE to PE when destination prefix is wthdrawn
Traceroute CE to PE and test all 1CwWv4 and | CMPv6 type codes

| Pv4 forwarding
I Pv6 forwarding

4 forwarding
6 forwarding

37

Figure 35: Ping and Trace Test Case
13. SRv6 Applicability to IPv6 Only PE Design
SRv6 [ RFC8986] applicability to I Pv6-Only PE design
SRv6 [ RFC8986] Full 128 bit SID and SRv6 Conpression
[1-D.ietf-spring-srv6-srh-conpression] C SID Next C SID (uSl D)

endpoi nt flavor and Replace SID CSID (G SID) endpoint flavor is
fully supported for all 12 I Pv6-Only PE Design use cases.
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SRv6 Next SID utilizes a Next CGSID uSID carrier for the mcro sid
for up to 5 hops of steering without requiring an SRH. SRv6 Next SID
uN Node sid endpoint function for uSID F3216 format shift 16 bits and
forward to the next node allows the vanilla IPv6 data plane to be
used to seam essly stitch. across inter-as inter domain hops.

The foll owi ng SRv6 Conpression C-SID Next CGSID (uSl D) endpoi nt
flavor 4 use cases will be fully tested by C sco, Juniper, Nokia.

1. dobal Table 4PE Test Scenario

G obal Table IPv6 Only PE Design where Inter-AS PE-PE core boundary
AFl / SAFI 1/1 I Pv4 Unicast 2/1 I Pv6 Unicast (4PE) and are carried over
a single IPv6 peering. In this use case the Inter-AS PE-PE nodes are
SRv6 Next SI D endpoi nt behavi or capabl e and performthe steering
function Un endpoi nt behavior shift 16 bits and forward function

This SRv6 conpression use case is applicable to IPv6 Only PE Design
Test-9 - I Pv6 Core 4PE G obal table BGP overlay stitching in SRv6
terns is Next Hop Unchanged G obal BGP overlay stitching. Use case
where I nter-AS PE-PE Edge boundary AFI/SAFI 1/1 1Pv4 Unicast 2/1 | Pv6
Uni cast are carried over a single |IPv6 peer the peering.

* dobal Table (4PE) Test Scenario
- SRv6 Test Scenarios (d obal)

- 1. SRv6 enabled on inter-as PE-PE nodes (SRv6 aware inter
domain SRv6 fabric stitching and active traffic steering)

- 2. SRv6 disabled on inter-as PE-PE nodes (SRv6 unaware
inter domain | Pv6 Data plane stitching without traffic
st eering)

2. VPN Overlay Test Scenario

VPN Overlay | Pv6 Only PE Design where Inter-AS PE-PE core boundary
AFl / SAFI 1/128 | Pv4 VPN 2/128 1 Pv6 VPN and are carried over a single
| Pv6 peering. In this use case the Inter-AS PE-PE nodes are SRv6
Next SI D endpoi nt behavi or capabl e and performthe steering function
Un endpoi nt behavior shift 16 bits and forward function. This SRv6
conpression use case is applicable to I1Pv6 Only PE Design Test-11 -

I Pv6 Core L3 VPN Inter-AS Option B which in SRv6 terns is Next Hop
Unchanged VPN overlay stitching. Use case where Inter-AS PE-PE Edge
boundary AFI/SAFI 1/128 | Pv4 VPN 2/128 1 Pv6 VPN are carried over a
single 1 Pv6 peering.

* | P VPN Scenario
- SRv6 Test Scenarios (IP VPN)
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14.

15.

- 1. SRv6 enabled on inter-as PE-PE nodes (SRv6 aware inter
domain SRv6 fabric stitching and active traffic steering)

- 2. SRv6 disabled on inter-as PE-PE nodes (SRv6 unaware
inter domain | Pv6 Data plane stitching without traffic
st eering)

Typed and Untyped SAFI
Typed SAFI are Not Applicable to this specification

Typed SAFI are SAFI where the SAFI uses the Route Types in which case
their is a NLRI "Route Type" field followd by NLRI Data field
containing the I1Pv4 and IPv6 NLRI Wth Non Typed SAFlI the |IPv4 and
IPv6 NLRI is encoded directly within the NLRI making it directly data
pl ane dependent with CP-DP control plane RI B programm ng foll owed by
data plane FIB programm ng. This Typed SAFI case exists where the
control plane procedures exist in which case the data plane is
instantiated making the I Pv4 and I Pv6 NLRI for the Typed SAFI data

pl ane agnostic. [Pv4 Only PE deisgn has a single | Pv4d Peer that
carries the I1Pv4 and IPv6 NLRI and the interface only has an |Pv4
address and requires a vendor specific knob for ipv6 forwarding.

I Pv6 Only PE deisgn has a single |Pv6 Peer that carries the | Pv4 and
IPv6 NLRI and the interface only has an | Pv6 address and requires a
vendor specific knob for ipv4d forwarding. Since typed routes are
data pl ane agnostic and so are not directly correlated to the |IPv4
and |1 Pv6 protocol forwarding makes the Typed SAFI |isted bel ow not
applicable to this specification

*  Typed SAFI
- The following AFl/SAFI are not applicable (NA) to this
speci fication
- 1. MCAST- VPN [ RFC6514]
- 2. MCAST-VPLS [RFC7117]
- 3. EVPN [RFC7432]
- 4. BGP-LS [ RFC7752]

| Pv4-Only PE Design and | Pv6-Only PE Design ALL AFI/SFI Operationa
Consi der ati ons

Wth a single I Pv4 Peer or |1Pv6 Peer carrying both IPv4 and | Pv6 NLRI
there are sone operational considerations in terns of what changes
and what does not change.
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16.

What does not change with a single | Pv6 transport peer carrying |Pv4
NLRI and |1 Pv6 NLRI bel ow

Routing Policy configuration is still separate for IPv4 and | Pv6
configured by capability as previously.

Layer 1, Layer 2 issues such as one-way fiber or fiber cut wll
i npact both IPv4 and |1 Pv6 as previously.

If the interface is in the Admn Down state, the | Pv6 peer would go
down, and IPv4 NLRI and |IPv6 NLRI would be w thdrawn as previously.

Changes resulting froma single I Pv6 transport peer carrying |Pv4d
NLRI and |1 Pv6 NLRI bel ow

Physical interface is no |onger dual stacked.

Any change in I Pv6 address or DAD state will inpact both |IPv4 and
I Pv6 NLRI exchange.

Si ngl e BFD session for both IPv4 and 1Pv6 NLRI fate sharing as the
session is nowtied to the transport, which nowis only |IPv6 address
famly.

Both 1 Pv4 and | Pv6 peer now exists under the |IPv6 address famly
confi guration.

Fate sharing of IPv4 and |Pv6 address famly froma | ogica
perspective now carried over a single physical |Pv6 peer

From an operations perspective, prior to elimnation of |Pv4 peers,
an audit is recommended to identify and | Pv4 and | Pv6 peering

i ncongruencies that may exist and to rectify them No operationa

i mpacts or issues are expected with this change.

Wth MPLS VPN overlay, per-CE next-hop |abel allcoation node where
both I Pv4 and | Pv6 prefixes have the sane | abel in no table | ookup
pop- n-forward nmode shoul d be taken into consideration

| ANA Consi der ati ons

New | ANA capability codepoint is requested for next hop encoding for

| Pv4 next hop applicable to all SAFl for IPv4-Only PE design Inter-AS
scenarios PE-PE, PE-CE as well as existing Intra-AS PE-RR peering
Scenari 0s.
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17.

18.

19.

20.

20.

Security Considerations

The extensions defined in this docunent allow BGP to propagate
reachability information about |Pv4 prefixes over an MPLS or SR

| Pv6-Only core network. As such, no new security issues are raised
beyond those that already exist in BG-4 and the use of MP-BGP for

| Pv6. Both IPv4 and | Pv6 peers exist under the | Pv6 address famly
configuration. The security features of BGP and correspondi ng
security policy defined in the | SP domain are applicable. For the
inter-AS distribution of IPv6 routes according to case (a) of
Section 4 of this docunent, no new security issues are raised beyond
those that already exist in the use of eBGP for |Pv6 [ RFC2545].

Acknowl edgrent s

Thanks to Kaliraj Vairavakkal ai, Linda Dunbar, Aijun Wang, Eduardfor
Vasi | enko, Joel Harlpern, Mchael MBride, Ketan Tal aulikar for
revi ew coments.

Contributors
The foll owi ng people contributed substantive text to this docunent:

Mohana Sundar i
EMai | : nmohanas@ uni per. net

Ref er ences
1. Nornmtive References

[1-D.ietf-bess-bgp-multicast]
Zhang, Z. J., Guliano, L., Patel, K, Wjnands, I.,
Mshra, M P., and A Gul ko, "BGP Based Miulticast", Wirk
in Progress, Internet-Draft, draft-ietf-bess-bgp-
mul ticast-09, 24 July 2025,
<https://datatracker.ietf.org/doc/htm/draft-ietf-bess-
bgp- mul ti cast-09>.

[1-D.ietf-bess-ipv6-only-pe-design]
Mshra, G S., Mshra, M P., Tantsura, J., Mudhavi, S.,
Yang, Q, Sinpson, A, and S. Chen, "IPv6-Only PE Design
for 1Pv4-NLRI with I Pv6-NH', Work in Progress, Internet-
Draft, draft-ietf-bess-ipv6-only-pe-design-04, 20 May
2023, <https://datatracker.ietf.org/doc/htm/draft-ietf-
bess-i pv6-onl y- pe- desi gn- 04>,

M shra, et al. Expires 23 April 2026 [ Page 45]



Internet-Draft |1Pv4-Only and | Pv6-Only PE Desi gn DESI GN Cct ober 2025

[1-D.ietf-idr-bgp-car]
Rao, D. and S. Agrawal, "BGP Col or-Aware Routing (CAR",
Wrk in Progress, Internet-Draft, draft-ietf-idr-bgp-car-
16, 20 February 2025,
<https://datatracker.ietf.org/doc/htm/draft-ietf-idr-bgp-
car-16>.

[I-Dietf-idr-fl owspec-nvo3]
East| ake, D. E., Wiguo, H, Zhuang, S., Li, Z, and R
Gu, "BGP Dissemnation of Flow Specification Rules for
Tunnel ed Traffic", Wirk in Progress, Internet-Draft,
draft-ietf-idr-flowspec-nvo3-22, 6 June 2025,
<https://datatracker.ietf.org/doc/htm/draft-ietf-idr-
fl owspec-nvo3- 22>.

[1-D.ietf-idr-rpd]
Li, 2, Qu, L., Luo, Y., Mshra, G S., Chen, H, and H
Wang, "BGP Extensions for Routing Policy Distribution
(RPD)", Work in Progress, Internet-Draft, draft-ietf-idr-
rpd-19, 28 March 2024,
<https://datatracker.ietf.org/doc/htm/draft-ietf-idr-rpd-
19>.

[1-D.ietf-idr-sdwan-edge-di scovery]
Dunbar, L., Hares, S., Mjundar, K, Raszuk, R, and V.
Kasi vi swanat han, "BGP UPDATE for SD-WAN Edge Di scovery",
Wirk in Progress, Internet-Draft, draft-ietf-idr-sdwan-
edge-di scovery-25, 22 July 2025,
<https://datatracker.ietf.org/doc/htm/draft-ietf-idr-
sdwan- edge- di scovery- 25>,

[I-D.ietf-idr-segment-routing-te-policy]
Previdi, S., Filsfils, C, Talaulikar, K, Mttes, P., and
D. Jain, "Advertising Segrment Routing Policies in BGP",
Work in Progress, Internet-Draft, draft-ietf-idr-segnent-
routing-te-policy-26, 23 Cctober 2023,
<https://datatracker.ietf.org/doc/htm/draft-ietf-idr-
segment -routi ng-te-policy-26>.

[1-D.ietf-13vpn-bgpvpn-aut o]
Quld-Brahim H H., "Using BGP as an Auto-Di scovery
Mechani sm for VR-based Layer-3 VPNs", Work in Progress,
Internet-Draft, draft-ietf-I3vpn-bgpvpn-auto-09, 25 April
2007, <https://datatracker.ietf.org/doc/htm/draft-ietf-
| 3vpn- bgpvpn- aut 0- 09>.

M shra, et al. Expires 23 April 2026 [ Page 46]



Internet-Draft |1Pv4-Only and | Pv6-Only PE Desi gn DESI GN Cct ober 2025

[1-D.ietf-1svr-bgp-spf]
Patel, K, Lindem A., Zandi, S., and W Henderickx, "BGP
Li nk-State Shortest Path First (SPF) Routing”, Wbrk in
Progress, Internet-Draft, draft-ietf-Isvr-bgp-spf-51, 23
January 2025, <https://datatracker.ietf.org/doc/htm/
draft-ietf-Isvr-bgp-spf-51>.

[1-D.ietf-spring-srv6-srh-conpression]
Cheng, W, Filsfils, C., Li, Z , Decraene, B., and F.
Cl ad, "Conpressed SRv6 Segnent List Encoding (CSID", Wrk
in Progress, Internet-Draft, draft-ietf-spring-srv6-srh-
conpression-23, 6 February 2025,
<https://datatracker.ietf.org/doc/htm/draft-ietf-spring-
Srv6-srh-conpressi on-23>.

[1-D. npne-bess-nmup-safi]
Murakam , T., Patel, K, Mitsushima, S., Zhang, Z. J.,
Agrawal , S., and D. Voyer, "BGP Extensions for the Mbile
User Plane (MJP) SAFI", Work in Progress, Internet-Draft,
draft - npne- bess-mup-safi-05, 13 February 2025,
<https://datatracker.ietf.org/doc/htm/draft-npne-bess-
nmup- safi - 05>,

[1-D. nal awade- kapoor -t unnel - safi ]
Nal awade, G, "BGP Tunnel SAFI", Work in Progress,
Internet-Draft, draft-nal awade-kapoor-tunnel-safi-05, 29
June 2006, <https://datatracker.ietf.org/doc/htm /draft-
nal awade- kapoor -t unnel - saf i - 05>.

[ RFC2119] Bradner, S., "Key words for use in RFCs to Indicate
Requi rement Level s", BCP 14, RFC 2119,
DA 10.17487/ RFC2119, March 1997,
<https://www. rfc-editor.org/info/rfc2119>.

[ RFC2545] Marques, P. and F. Dupont, "Use of BGP-4 Miltiprotocol
Extensions for I Pv6 Inter-Domain Routing", RFC 2545,
DO 10.17487/ RFC2545, March 1999,
<https://ww.rfc-editor.org/info/rfc2545>.

[ RFC4291] Hinden, R and S. Deering, "IP Version 6 Addressing
Architecture", RFC 4291, DO 10.17487/ RFC4291, February
2006, <https://ww.rfc-editor.org/info/rfc4291>.

[ RFC4364] Rosen, E. and Y. Rekhter, "BGP/MPLS IP Virtual Private

Net wor ks (VPNs)", RFC 4364, DO 10.17487/ RFCA364, February
2006, <https://ww.rfc-editor.org/info/rfc4364>.

M shra, et al. Expires 23 April 2026 [ Page 47]



Internet-Draft |1Pv4-Only and | Pv6-Only PE Desi gn DESI GN Cct ober 2025

[ RFC4760] Bates, T., Chandra, R, Katz, D., and Y. Rekhter,
"Ml tiprotocol Extensions for BGP-4", RFC 4760,
DA 10.17487/ RFC4A760, January 2007,
<https://ww.rfc-editor.org/info/rfc4760>.

[RFC4761] Konmpella, K, Ed. and Y. Rekhter, Ed., "Virtual Private
LAN Service (VPLS) Using BGP for Auto-Discovery and
Signaling", RFC 4761, DO 10.17487/ RFCA761, January 2007,
<https://www. rfc-editor.org/info/rfc4761>.

[ RFC5195] @Quld-Brahim H., Fedyk, D., and Y. Rekhter, "BGP-Based
Aut o- Di scovery for Layer-1 VPNs", RFC 5195,
DO 10.17487/ RFC5195, June 2008,
<https://www.rfc-editor.org/info/rfc5195>.

[ RFC5492] Scudder, J. and R Chandra, "Capabilities Advertisenent
with BGP-4", RFC 5492, DA 10.17487/ RFC5492, February
2009, <https://ww. rfc-editor.org/info/rfc5492>.

[ RFC5747] Wi, J., Cui, Y., Li, X, Xu, M, and C. Metz, "4overb6
Transit Solution Using |IP Encapsul ati on and MP-BGP
Ext ensi ons", RFC 5747, DA 10.17487/ RFC5747, March 2010,
<https://www. rfc-editor.org/info/rfc5747>.

[ RFC6037] Rosen, E., Ed., Cai, Y., Ed., and 1J. Wjnands, "G sco
Systens’ Solution for Miulticast in BGP/ MPLS | P VPNs",
RFC 6037, DO 10.17487/ RFC6037, Cctober 2010,
<https://ww.rfc-editor.org/info/rfc6037>.

[ RFC7117] Aggarwal, R, Ed., Kamite, Y., Fang, L., Rekhter, Y., and
C. Kodeboniya, "Milticast in Virtual Private LAN Service
(VWPLS)", RFC 7117, DA 10.17487/RFC7117, February 2014,
<https://www. rfc-editor.org/info/rfc7117>.

[ RFC7267] Martini, L., Ed., Bocci, M, Ed., and F. Balus, Ed.,
"Dynami ¢ Pl acenent of Milti-Segnent Pseudow res",
RFC 7267, DO 10.17487/ RFC7267, June 2014,
<https://www.rfc-editor.org/info/rfc7267>.

[ RFC7432] Sajassi, A, Ed., Aggarwal, R, Bitar, N, Isaac, A,
Utaro, J., Drake, J., and W Henderickx, "BG? MPLS-Based
Et hernet VPN', RFC 7432, DO 10.17487/ RFC7432, February
2015, <https://ww. rfc-editor.org/info/rfc7432>.

M shra, et al. Expires 23 April 2026 [ Page 48]



Internet-Draft

[ RFC7752]

[ RFC8174]

[ RFC8277]

[ RFC8955]

[ RFC3986]

[ RFC9012]

[ RFC9015]

I Pv4-Only and | Pv6-Only PE Design DESI GN Cct ober 2025

Gedler, H, Ed., Medved, J., Previdi, S., Farrel, A, and
S. Ray, "North-Bound Distribution of Link-State and
Traffic Engineering (TE) Information Using BG", RFC 7752,
DO 10.17487/ RFC7752, March 2016,

<https://www. rfc-editor.org/info/rfc7752>.

Lei ba, B., "Anbiguity of Uppercase vs Lowercase in RFC
2119 Key Words", BCP 14, RFC 8174, DO 10.17487/ RFC8174,
May 2017, <https://ww.rfc-editor.org/info/rfc8174>.

Rosen, E., "Using BGP to Bind MPLS Labels to Address
Prefixes", RFC 8277, DA 10.17487/ RFC8277, Cctober 2017,
<https://ww. rfc-editor.org/info/rfc8277>.

Loibl, C, Hares, S., Raszuk, R, MPherson, D., and M
Bacher, "Dissemi nation of Flow Specification Rules",
RFC 8955, DO 10. 17487/ RFC8955, Decenber 2020,
<https://www. rfc-editor.org/info/rfc8955>.

Filsfils, C., Ed., Camarillo, P., Ed., Leddy, J., Voyer,
D., Matsushima, S., and Z. Li, "Segment Routing over |Pv6
(SRv6) Network Programm ng", RFC 8986,

DA 10.17487/ RFC8986, February 2021,

<https://www. rfc-editor.org/info/rfc8986>.

Patel, K, Van de Velde, G, Sangli, S., and J. Scudder,
"The BGP Tunnel Encapsul ation Attribute", RFC 9012,

DO 10.17487/ RFC9012, April 2021,

<https://www. rfc-editor.org/info/rfc9012>.

Farrel, A, Drake, J., Rosen, E., Utaro, J., and L.
Jalil, "BG Control Plane for the Network Service Header
in Service Function Chaining", RFC 9015,

DA 10. 17487/ RFC9015, June 2021,

<https://www. rfc-editor.org/info/rfc9015>.

20.2. Informative References

[1-D.ietf-i

M shra, et al.

dr - dynam c- cap]

Chen, E. and S. R Sangli, "Dynamc Capability for BGP-4",
Work in Progress, Internet-Draft, draft-ietf-idr-dynam c-
cap-17, 6 July 2025,
<https://datatracker.ietf.org/doc/htm/draft-ietf-idr-
dynani c- cap- 17>.

Expires 23 April 2026 [ Page 49]



Internet-Draft |1Pv4-Only and | Pv6-Only PE Desi gn DESI GN Cct ober 2025

[ RFC4659] De Cercq, J., OGons, D., Carugi, M, and F. Le Faucheur,
"BGP-MPLS | P Virtual Private Network (VPN) Extension for
| Pv6 VPN', RFC 4659, DO 10.17487/ RFC4659, Septenber 2006,
<https://ww.rfc-editor.org/info/rfc4659>.

[ RFC4684] Marques, P., Bonica, R, Fang, L., Martini, L., Raszuk,
R, Patel, K, and J. CGuichard, "Constrained Route
Distribution for Border Gateway Protocol/MiltiProtocol
Label Switching (BGP/ MPLS) Internet Protocol (IP) Virtual
Private Networks (VPNs)", RFC 4684, DO 10.17487/ RFC4684,
Noverber 2006, <https://www rfc-editor.org/info/rfc4684>.

[ RFC4798] De Cercq, J., Cons, D., Prevost, S., and F. Le Faucheur,
"Connecting I Pv6 |Islands over |Pv4 MPLS Using | Pv6
Provi der Edge Routers (6PE)", RFC 4798,
DO 10.17487/ RFC4A798, February 2007,
<https://www. rfc-editor.org/info/rfc4798>.

[ RFC4925] Li, X, Ed., Dawkins, S., Ed., Ward, D., Ed., and A
Durand, Ed., "Softwire Problem Statenent", RFC 4925,
DA 10.17487/ RFC4925, July 2007,
<https://ww.rfc-editor.org/info/rfc4925>.

[ RFC5549] Le Faucheur, F. and E. Rosen, "Advertising |Pv4 Network
Layer Reachability Information with an | Pv6 Next Hop",
RFC 5549, DO 10. 17487/ RFC5549, May 2009,
<https://www. rfc-editor.org/info/rfc5549>.

[ RFC5565] Wi, J., Cui, Y., Metz, C., and E. Rosen, "Softwire Mesh
Framewor k", RFC 5565, DO 10.17487/ RFC5565, June 2009,
<https://ww. rfc-editor.org/info/rfc5565>.

[ RFC6074] Rosen, E., Davie, B., Radoaca, V., and W Luo,
"Provisioning, Auto-Discovery, and Signaling in Layer 2
Virtual Private Networks (L2VPNs)", RFC 6074,
DA 10. 17487/ RFC6074, January 2011,
<https://ww. rfc-editor.org/info/rfc6074>.

[ RFC6513] Rosen, E., Ed. and R Aggarwal, Ed., "Milticast in MPLS/
BGP | P VPNs", RFC 6513, DO 10.17487/ RFC6513, February
2012, <https://ww.rfc-editor.org/info/rfc6513>.

[ RFC6514] Aggarwal, R, Rosen, E., Mrin, T., and Y. Rekhter, "BGP
Encodi ngs and Procedures for Milticast in MPLS/BGP IP
VPNs", RFC 6514, DA 10.17487/ RFC6514, February 2012,
<https://ww.rfc-editor.org/info/rfc6514>.

M shra, et al. Expires 23 April 2026 [ Page 50]



Internet-Draft |1Pv4-Only and | Pv6-Only PE Desi gn DESI GN Cct ober 2025

[ RFC8126] Cotton, M, Leiba, B., and T. Narten, "Quidelines for
Witing an | ANA Consi derations Section in RFCs", BCP 26,
RFC 8126, DA 10.17487/ RFC8126, June 2017,
<https://ww.rfc-editor.org/info/rfc8126>.

[ RFC8950] Litkowski, S., Agrawal, S., Ananthanurthy, K, and K
Patel, "Advertising | Pv4 Network Layer Reachability
Information (NLRI) with an | Pv6 Next Hop", RFC 8950,
DA 10.17487/ RFC8950, Novenber 2020,
<https://ww.rfc-editor.org/info/rfc8950>.

Appendi x A.  SAFlI LI ST FOR PE-CE Edge Scenario
| Pv4-Only PE Design and |1 Pv6-Only PE Design listing of PE-CE Edge ALL
applicable SAFI. Here we show ng the catagorization grouping by
columms of the SAFI into 2 use case categories.

*  Uni cst

* Ml ticast

B Sl sl s sl s el s ety
| SAFI Value | Description | Unicast | Miulticast | Reference |
F oo b e s s e el oo =}
| 1 | Unicast | Yes | No | [RFC4760] |
R I I I I R R +
| 2 | Multicast | No | Yes | [ RFC2545] |
I i I i T +---- - - - F-- - - - F-- - - - +
| 78 | MCAST- TREE SAFI | No | Yes | [ RFC2545] |
I I I R I I +

Table 1: I Pv4-Only PE DESIGN and | Pv6-Only PE DESI GN ALL
SAFI ' s PE-CE Edge Scenari o

| Pv4-Only PE design supports 25 / 32 1 ANA SAFI's of which the 7 not
supported do not use AFlI=1 | Pv4 or AFlI=2 |Pv6.

Appendi x B. SAFI LIST FOR Inter-AS PE-PE Scenario
I Pv4-Only PE Design and I Pv6-Only PE Design listing of Inter-AS PE-PE
ALL applicable SAFI. Al Typed SAFI are listed as Not Applicable (N
A) Here we show the catagorization grouping by colums of the SAFI
into 5 use case categori es.
* Uni cst

* Ml ticast
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* L1-L2 VPN

*  Tunnel

*  BGP Policy

| SAFI | Description |Unicast|Milticast|L1l-L2| Tunnel| BGP | Ref er ence
| Val ue| | | | VPN | | Policy]|
I
f bty ety Lty ey ———— e peply el Ll sl
————————————=—+
| 1 | NLRI Uni cast | Yes | No | No | No | No | [ RFCA760]
I
+----- L i +------- L +----- +------ +------ I i T I R
_____________ +
| 2 | NLRI | No | Yes | No | No | No | [ RFC4760]
I
| | Mul ti cast | | | | | |
I
+----- L i +------- L +----- +------ +------ I i T I R
_____________ +
| 4 | NLRI MPLS | Yes | No | No | No | No | [ RFC8277]
I
I I Laell s I I I I I I
+----- L i +------- L +----- +------ +------ I i T I R
_____________ +
| 5 | MCAST- VPN | No | Yes | No | No | No | [ RFC6514]
I
+----- F-- - - - - - +------- F---- - - - +----- +------ +------ I i I R
_____________ +
| 6 | Dynani ¢ Ml ti | No | No | Yes |No | No | [ REC7267]
I
I I Seglment PW | I I I I I
+----- F-- - - - - - +------- F---- - - - +----- +------ +------ I i I R
_____________ +
| 8 | MCAST-VPLS | N A | NV A INA |NA |NA |[RFC7117]
I
+----- I i +----- - Fo-m e - - +----- +------ +------ I i I I T N R
............. +
| 9 | BGP- SFC | No | No INo | No | No | [ RFC9015]
I
+----- L i +------- L +----- +------ +------ I i T I R
_____________ +
| 64 | Tunnel SAFI | No | No |[No | Yes | No | [1-D. nal awade- kapoor - t unnel
-safi] |
+----- F-- - - - - - +------- F---- - - - +----- +------ +------ I i I R
_____________ +
|65 | VPLS | No | No INo | No | No | [ RFC4761]
I
+----- I i +----- - Fo-m e - - +----- +------ +------ I i I I T N R
............. +
|66 | BGP MDT SAFI | NO | Yes INo | No | No | [ RFC6037]
I
+----- L i +------- L +----- +------ +------ I i T I R
_____________ +

|67 | BGP 4t06 SAFI|No | No [No |[Yes [No  |[RFC5747]
I



_____________ +
| 68 | BGP 6t 04 SAFI | No | No | No | Yes | No | [ RFC5747]
I
+----- - - - +----- +o-o - - +o-o - - Fem e e e eeeeeeaeaaaaa
............. +
| 69 |L1 VPN Auto | No | No | Yes | No | No | [ RFC5195]
I
I IDislcovery I I I I I I
+----- - - - +----- +o-o - - +o-o - - Fem e e e eeeeeeaeaaaaa
............. +
| 70 | BGP EVPN | N A | N A INA |NA |NA |[RFC7432]
I
+--mna e S R S +--mna S RS S RS .
_____________ +
| 71 | BGP- LS | NV A | NV A INA |NA |NA |[RFC7752]
I
+- - - - - S S TS +- - - - - [ S, [ S, o e e e e e e e e oo -
_____________ +
| 72 | BGP-LS-VPN | N A | N A INA |NA |NA |[RFC7752]
I
+----- - - - +----- +o-o - - +o-o - - Fem e e e eeeeeeaeaaaaa
............. +
| 73 | SR-TE Policy | No | No | No | No | Yes |[I-D.ietf-idr-segnent-routi
ng-te-policy]|
I | SAFI I I I I I I
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| Routi ng | No

| Policy SAFI |

| Tunnel ed | No

I
| Traffic |

| Fl owspec |

o e S
——ee

| MPLS VPN | Yes
+___|_ _________ .
-4

| MPLS [N A

| Route Target | Yes

| Constrai ns |

| Di ssemni nati on| No

Cct ober 2025

oo o e eeeeeoo
|[I-D.ietf-idr-sdwan-edge- di
I

oo o e eeeeeoo
|[I-D.ietf-idr-rpd]

I

oo o e eeeeeoo
|[I-D.ietf-idr-fl owspec-nvo3
I

I

e e
|[I-D.ietf-bess-bgp-multicas
I

e e
|[I-D.ietf-Isvr-bgp-spf]

oo o e eeeeeoo
|[I-D.ietf-idr-bgp-car]

o e e e e
|[I-D.ietf-idr-bgp-car]
e e

| [ RFC8955]
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| of Fl owspec |

| L3VPN

| Di ssem nati on|

| of Fl owspec |

| VPN Aut o
I

| Di scovery |
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| Yes

| [ RFC8955]

| Pv4-Only PE DESIGN and | Pv6-Only PE Design ALL SAFI’'s
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| Pv4-Only PE Design and | Pv6-Only PE design supports 20 / 32 | ANA
SAFI’s of which the 7 not supported do not use AFl=1 | Pv4 or AFI=2
IPv6 and 5 are N A
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